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UV Spectrophotometric Method for Determination of 
Phenacetin in Biological Specimens 


JACK E. WALLACE*., JOHN D. BICGSt, HORACE E. HAMILTONt, LLOYD L. FOSTERt, and 
KENNETH BLUMt 


phenacetin and several metabolites, including N-acetyl- 
p-aminophenol and p-aminophenol, in biological speci- 


Conney (4)9 Buch ef a** (5)9 Cummings a/* (6)* and 
Routh el a/. (7). Each of these techniques is nonspecific, 
time consuming, or lacking in sensitivity. Prescott (8) 
reported a sensitive and specific method for the estima- 
tion of phenacetin and N-acetyl-p-aminophenol in 
plasma and urine by a GLC technique using trimeth- 


are that it has a significant time requisite and absolute 
dryness  is required to achieve an effective silanizing 


Abstract 0 A UV spectrophotomeetric Procedure for deterfiing 


tracted from biological material by ether and oxidized to a quinone 
product by cobaltic oxide. The primary metabolite of phenacetin. 
N-acetyl-paminophenol, is assayed by providing a salting-out step 
in the extraction process. Better than 90% of phenwtin added to 
urine and serum specimens in vitro at concentrations of 5-50 mcg./ 
ml. was recovered. From homogenized tissue, 83% of added 
phenacetin was recovered. 


UV spectrophotometry-analysis, phenacetin in biological fluids 


phenacetin in biological S&W.hellS iS described. The drug is ex- mens. Other were by welch and 


Keyphrases 0 Phenacetin-uV anab'sh in biolWical fluids ylsilyl derivatives. The disadvantages of  this method 


Abuse of the analgesic drug phenacetin' may lead to 
certain nephropathies in humans (1, 2). This danger, 
coupled with the drug's widespread use, necessitates 
specific and rapid detection of the compound in bio- 
logical specimens. Phenacetin is a neutral drug that 
absorbs UV radiation noncharacteristically in the 230- 
260-nm. portion of the light spectrum. Normal con- 
stituents and numerous other pharmacological agents 
extracted from biological specimens can provide signi- 
ficant interference and make direct UV spectrophoto- 
metric analysis of the unchanged drug unrewarding. 


Brodie and Axelrod (3) described the metabolic fate  
of phenacetin in man using an elaborate time-consuming 
colorimetric procedure. They determined the levels o f  
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Figure 1-VV absorption spectra of phenacetin (acetophenetidin) in 
isopmpanol (-), the phenacetin product in hexane-tert-butanol 
(- -), and the phenacetin product in sodium hydroxide solution 
(- - -), each at a concentration of 8 mcg.lm1. corresponding to phen- 
acetin. 


reaction (9, 10). 
This report describes a quantitative UV spectro- 


photometric technique for determining phenacetin 
in serum, blood, urine, or tissues. Phenacetin is oxidized 
to a products(s) that has a dissimilar, yet sensitive, 
response to UV radiation. The phenacetin product is 
subsequently extracted into sodium hydroxide solution, 
which results in a highly specific bathochromic shift of 
the UV spectrum and an increase of sensitivity. 


- 


EXPERIMENTAL' 


Five milliliters of serum or 10 ml. of urine is adjusted to pH 7.0 f 
1.0 and extracted with 50-100 ml. of ether (diethyl). For tissue 
analysis, 5-10 g. of homogenized tissue is made alkaline (pH 12.0) by 
addition of several milliliters of 1.0 N NaOH and extracted with 
100-200 ml. of ether. After extraction the aqueous phase is dis- 
carded and the ether layer is washed twice with 20-50 ml. of 1.0 N 
NaOH and once with 23-30 ml. of 1.0 N HCl. The organic solvent 
is filtered through fast-flowing filter paper. The volume recovered 
is noted and the loss of ether is included in the final calculations. 


A major metabolite of phenacetin, N-acetyl-paminophenol, which 
is itself a commercially available analgesics, may be determined 
by a modification of this procedure. Ten milliliters of urine is ad- 
justed to pH 1.0 f 0.5 and saturated by the addition of 5 g. of  
sodium chloride. The original procedure is followed verbatim, ex- 
cept that the two alkali washes of the ether are not performed. 
The washed ether is evaporated to dryness under vacuum in a 


250-ml. round-bottom flask. Ten milliliters of 2.0 N HCI, 20 ml. of a 
4: 1 mixture of n-hexane (spectr0quality)-tert-butanol, and 200 mg. 
of cobalt (111) oxide are added to the flask, and the contents are re- 
fluxed slowly for 10 min. with constant magnetic stirring. The 
optimum reflux conditions are achieved by applying 35 v. a.c. to a 
270-w. heating mantle containing the flask with attached water- 
cooled condenser, the mantle being positioned upon a magnetic 
stirrer. After the flask contents are cooled, the solvent layer is re- 
covered and scanned on the spectrophotometer. A 5-ml. aliquot of 
the solvent layer is then vigorously extracted with an equal volume 
of 4.0 N NaOH, and the aqueous layer is centrifuged for 5 min. at 
3ooo r.p.m. and scanned over the 220-360-nm. region; analyses at 
a single wavelength are achieved by measuring the absorbance at 268 
and 320 nm., respectively. 


* UV absorption data were obtained with a Beckman DK-2A ratio 
recording spectrophotometer. A Beckman IR-9 spectrophotometer 
utilizing KBr disks was used for IR absorption measurements. 


J Acetaminophen. 1 Acetophenetidin. 
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Table I-Standard Curve Data of Phenacetin 
Reaction Product 


Absorbance of 
Phep- AbsorbanFof Ab- Phenacetin Ab- 
acetin Phenacetin sorbance Product in sorbance 


in Sample, Product in Concentra- Sodium Concentra- 
mcg./ml. Solvent" tion Hydroxide6 tion 


10.0 0.798 0.080 1.057 0.106 
8.0 0.649 0.081 0.852 0.106 
6 . 0  0.492 0.082 0.623 0.104 
4 . 0  0.321 0.080 0.397 0.099 
2.0 0.162 0.081 0.194 0.097 


a Determined at 268 nm. b Determined at 320 nm. 


RESULTS 


Phenacetin, upon oxidation with cobaltic oxide (CoL),) in dilute 
hydrochloric acid, was converted to a derivative whose spectrum 
exhibited maximum absorbance in hexane-terr-butanol at 268 nm. 
and in sodium hydroxide at 320 nm. (Fig. 1). At the levels in- 
vestigated, a linear relationship exists between the absorbance of 
the reaction product and the concentrations of drug present (Table 
1).  


Ten milliliters of serum, 10 ml. of urine, and 10 g. of homogenized 
tissue, to each of which phenacetin was added to provide concentra- 
tions of 50. 25, 10, and 5 mcg./ml. (g.). were analyzed; 50 ml. 
of hexane-rerr-butanol rather than 20 ml. was used with the 50- 
mcg./ml. specimens. The recovery of phenacetin by the method 
of this report is summarized in Table 11. Recoveries greater than 
90% were obtained from serum and urine, while approximately 
8345% of the drug was recovered from the homogenized liver 
preparations. 


The distribution of phenacetin among the various tissues of 
the rat, 2 hr. after the animals received 200 mg./kg. body weight of 
the drug orally, is shown in Table 111. Phenacetin, because of low 
aqueous solubility, was administered to the rats in a suspension 
of 0.5 methylcellulose in isotonic saline solution. Concentrations 
of the drug were found in decreasing levels in the following tissues: 
lungs, brain, kidneys, blood, muscle, and liver. With the exception of 
the liver, the findings are in agreement with the levels observed by 
Brodie and Axelrod (3) in dog tissues. 


Several drugs, particularly neutral or solvent-soluble agents, were 
investigated for possible interference (Table IV). The nontherapeutic 
compound p-aminophenol gave an oxidation product with an ab- 
sorption maximum at 240 nm. in solvent. Extraction of thepamino- 
phenol product into 4.0 N NaOH produced a spectrum very similar 
to that of the phenacetin product. The primary metabolite of 
phenacetin, N-acetyl-p-aminophenol, was oxidized by cobaltic 
oxide to a product with UV spectra (both in hexane-terr-butanol 
and sodium hydroxide solutions) identical to that of the phenacetin 
derivative. However, paminophenol and N-acetyl-paminophenol 
did not interfere with the determination of phenacetin in biological 
specimens, because both compounds are removed from the final 
ether extract by the sodium hydroxide wash solution. Compounds 
other than paminophenol or N-acetyl-paminophenol provided 
little or no interference in the determination of phenacetin. 


Table 11-Recovery of Phenacetin after In Vitro Addition 
to Biological Specimens 


Phenacetin 
Added, 


mcg./ml. Serum Urine Liver, 
7- Recoveryo, Mean' f SD--- 


50 48.27 f 1.59 47.31 f 1.15 43.37 f 1.08 
25 24.26 f 0.52 22.95 f 0.78 20.10 f 0.65 


9.75 f 0.24 9.24 f 0.23 8.30 f 0.36 10 
-c 5 5.21 f 0.07 4.71 f 0.25 


Average recovery 98.8 % 93.2% 83.4% 


Table 111-Distribution of Phenacetina in the Rat 


--Concentration in Tissue------- 
Distribution Ratio 
(Concentration in 


Range of Values, Tissue/Concentration 
mcg./ml. or g. in Blood), 


Tissue (Wet Weight) Mean f SD 


Blood 20.6-26.4 1 .oo 
Brain 30.8-38.9 1.47 f 0.12 
Kidney 2 9 . 4 4 2 . 3  1.35 f 0.13 
Lung 31.9-52.9 1.40 f 0.12 
Liver 17.6-20.5 0.70 f 0.14 
Muscle 16.7-24.7 0.92 f 0.11 


0 Suspension of phenacetin in 0.5% methylcellulose was admin- 
istered in intraperitoneal doses of 200 me./ . body weight, and.the 
animals were sacrificed after 2 hr. Average o7determination.s for eight 
rats. 


DISCUSSION 


Previous methods for the determination of phenacetin in bio- 
logical specimens are primarily for determining the pharmacological 
agent in urine and plasma. The method described by Brodie and 
Axelrod (3) was the only previous report that presented tissue con- 
centrations. Oxidation of phenacetin with cobaltic oxide to a 
product extractable into aqueous alkali provides a quantitative U V  
spectrophotometric method for determining the unmetabolized drug 
in biological specimens. Certain tissues contain large amounts of 
solventextractable material that interfere with the oxidation 
process. For example, brain tissue is frequently difficult to assay 
because of its high phospholipid content. The proposed method is 
applicable to most biological specimens with the exception of fat. 


Since ortho- and para-dihydroxybenzenes, diamines, amino- 
phenols, and related disubstituted benzenes may generally be 
oxidized to quinones, dependent upon the electronegativity of the 
substituents and the oxidizing conditions, the method presented in 
this paper may appear to be quite nonspecific. However, the alkali 
and acid washes of the ether eliminate all but the most solvent- 
soluble compounds. Thus, paminophenol and N-acetyl-pamino- 
phenol, very closely related compounds, do not interfere with the 
analysis of phenacetin. In the absence of solvent washing, consider- 
able specificity is achieved by observing the wavelength of maximum 
absorbance for different disubstituted benzenes after their oxidation 
to quinones. Phenacetin and N-acetyl-paminophenol both yield a 
product absorbing maximally at 268 nm., whereas paminophenol 
and pphenetidine apparently yield pbenzoquinone which absorbs 
maximally a t  241 nm. 


N-Acetyl-paminophenol, the principal metabolite of phenacetin 
and itself a commercially available analgesic, is present in high con- 
centrations in the urine. This metabolite is highly water soluble, but 
it can be determined by the cobalt oxidation technique provided the 
biological specimen is adjusted to an acidic pH and is saturated with 
sodium chloride prior to extraction with ether. In addition, the 


Table 1V-Drugs Found Not to Interfere' with the Cobalt 
Oxide Oxidation Method for Determining Phenacetin* 


Acetaminophen 
Acetanilide 
p Aminophenol 
Bisacodyl 
Caffeine 
Carisoprodal 
Chloramphenicol 
Chlormezanone 
Chloroquine 
Dicumarol 
IXethylpropion 
Ethchlorvynol 
Ethinamate 
Glutethimide 
Hydroxyphenamate 


Isoniazid 
Meperidine 
Meprobamate 
Methadone 
Methenamine mandelate 
Methyprylon 
Morphine 
Phenacemide 
Phena ycodol 


Phenylephrine 
Propoxyphene 
Salicylamide 
Salicylic acid 
Trimethadione 


Pheny fl butazone 


0 Determined from readings in 4.0 N sodium hydroxide. b Average of at 
least seven determinations. e Not determined. 
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0 Absorbance of the oxidation roducts in sodium hydroxide was less 
than 0.01 for 10 mcg./ml. of each Jug .  b Absorbance measured at 320 nm. 
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Figure 2-IR absorption spectrum of the cobaltic oxide oxidation product fromphenacetin. 


alkali wash steps must be eliminated to prevent the removal of 
metabolites from the ether solvent. 


IR data indicate that the phenacetin oxidation product(s) consists 
of a carbonyl group, as evidenced by the strong absorbance (Fig. 2) 
in the 6-p region. Aliphatic C-H stretching was conspicuous at 3.4 
p. The phenacetin product(s) is suggested to be a mixture of quinone- 
or quinonimine-type compounds with aliphatic substituents. The 
exact chemical structure has not been elucidated for the product(s) 
but this information is not essential for routine application and 
effectiveness of the procedure. 


SUMMARY 


Biological specimens can be analyzed spectrophotometrically 
for phenacetin after oxidation of the drug by cobaltic oxide. The 
procedure has an excellent amount of specificity, with no other 
group of pharmacological agents affording interference. The 
particular extraction technique required to recover the neutral drug 
phenacetin from biological environments makes specimens with high 
lipid concentrations difficult to analyze. 
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with the structurally similar 4-biphenylyl N-methylcarbarnate 
( I ,  2) indicated that kou- in water was six times that of the value 
in 5 0 %  ethanol. Thus, it may reasonably be predicted from the 
data in Table I that considerable hydrolysis of I would occur over 
tlie pH range encountered in the small intestine and that absorption 
of the intact drug could be variable from dose to dose. In addition, 
noncnzymatic hydrolysis at  the pH of the blood, following ab- 
sorption, would be rapid. The half-life of I at pH 7.3, 37”, calculated 
from the data in Table I is 73 min. Comparison of these results with 
those obtained earlier with 4-biphenylyl N-methylcarbarnate ( I )  
indicates that substitution of the 4-benzoyl group for the 4-phenyl 
group increases the hydrolysis rate nearly 2OO-fold. 


Foliowing oral administration of I to the dog, traces of intact 1 
were detected in the urine but were below the level of reasonable 
quantification (<0.1 of the dose). The only drug-related materials 
detected in the urine were the hydrolysis product, 11, and glucuro- 
nidc and/or sulfate conjugates of I1 (Table TI). Overall excretion 
ranged from 8.7 to 17.3% of the dose in the two experiments. 
These results are consistent with erratic absolption and the pre- 
dicted extensive hydrolysis of1 based on the in cirro kinetic studies. 


Urinary excretion of 47-92% of orally administered I1 as a 
glucuronide conjugate in the rabbit was reported by Robinson 


(5 ) .  The present results for I1 (produced from I )  in the dog are 
qualitatively similar. 
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Mass Fragmentographic Detection of Normorphine in 
Urine of Man after Codeine Intake 


WILHELM 0. R. EBBIGHAUSEN’, JOHN MOWAT, and PER VESTERGAARD 


Abstract 0 The biological disposition of codeine in urine was 
studied after intake of a single therapeutic dose of 20 mg. of codeine 
phosphate. Human urine after ingestion of codeine was previously 
reported to contain codeine as well as two of its metabolites, mor- 
phine and norcodeine. The presence of an additional metabolite, 
normorphine, was detectable after acid hydrolysis of an aliquot of 
human urine collected for 10 hr. after intake. Analysis was per- 
formed using a combined GC-mas: spectrometer, with an additional 
accelerating voltage alternator unit as a specific detector. Presence 
of normorphine was indicated by mass fragmentography. A partial 
mass spectrum for identification was obtained by repeated scanning 
across the normorphine peak area. 


Keyphrases 0 Normorphine--mass spectroscopic detection as a 
metabolite of codeine in human urine 0 Codeine- m a s s  spectro- 
scopic detection of normorphine as a metabolite, human urine 0 
Mass spectroscopy-detection of normorphine as a metabolite of 
codeine in human urine 


Researchers have investigated the biological disposi- 
tion of codeine in man, monkey, dog, rat, mouse, 
rabbit, and guinea pig ( I ,  2). The mctabolic pathway 
of codeine in different species includes conjugation, 
0- and N-dealkylation to morphine and norcodeine, 
and conjugation of these metabolites. 


In 1962, Way and Adler (3) reported: “Thus far 
there has been no direct evidence to  indicate that the 
same codeine rnoleculc is demethylated at both the U- 
and the N-positions to yield normorphine.” However, 
during the saiiic year, Kuhn and Friebel (4) identified 
traces of normorphine in urine of rats after treatment 


with codeine. I n  1970, Yeh and Woods ( 5 )  reported 
the detection of normorphine by paper and thin-layer 
chromatography in urine and bile of rats after sub- 
cutaneous injection of large amounts of codeine phos- 
phate. In  the present investigation, traces of normor- 
phine were detected, by means of mass fragmentog- 
raphy, in addition to the already known metabolites in 
urine of man after intake of a single therapeutic dose 
of either 10 or 20 mg. of codeine phosphate. 


MASS FRAGMENTOGRAPHY 


In 1968, mass fragmentography was introduced and its applica- 
tion has been demonstrated for the identification of chlorpromazine 
and its metabolites in human blood (6). With mass fragmentog- 
raphy, it is possible to take advantage of certain physicochemical 
properties of compounds or a group of compounds with similar 
chemical structures. The mass spectrometer is used as a GC de- 
tector. Compounds are detected by the presence of characteristic 
mass numbers (their molecular ion or fragments). 


The accelerating voltage alternator1 allows the detection and 
simultaneous recording of up to three mass numbers of a compound 
by keeping thc magnetic field constant while switching the ac- 
celerating voltage. With this technique, amounts as small as 5 pg. 
can be detected. Another advantage is the high selectivity of mass 
fragmentography. There is very little chance that two different 
compounds have the same retention time and correspond a t  the 
same time to preselected fragments with identical peak ratios. The 
information for identification is, however, less than that obtained 
when a complete mass spectrum is recorded. 


1 L K B  Produktcr AB, Bromma, Sweden. 
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Table I-The 10 Strongest Peaks above m/e 200 of the Mass Spectra of Morphine, Codeine, Normorphine, and Norcodeine 
as Trifluoroacetyl Derivatives 


Trifluoroacetyl-Morphine, Trifluoroacet yl-Codeine, Trifluoroacet yl-Normorphine, Trifluoroacet yl-Norcodeine, 
-----mol. wt. 477--- --- mol. wt. 395- -- mol. wt. 559-----. ----mol. wt. 577--- 


mle a" bb mle a b mle a b m/e a b 
Relative Intensity, Relative Intensity, % Relative Intensity, % Relative Intensity, % 


364 100(28)c 100 395 100(20) 100 305 100(11) 100 477 lOO(15) 100 
45d 305 48(7) 52 


40 
25 32 478 


471 57( 16) 55 28 2 94( 19) 
365 22(6) 33 28 1 25(5) 
478 12 1 3  396 23 
311 10 9 283 21 23 332 27 28 35 I 21 22 
3 80 8 9 225 10 19 317 22 22 231 19 23 
363 6 7 229 10 16 433 18 1 7d 224 18 25 
307 6 6 266 10 10 333 14 13d 337 15 16 
476 5 5 223 8 13 560 13 13 235 1 1  16 
362 3 2 280 8 9 235 13 - 306 10 15 


50 223 y )  
559 47( 5 ) 


26 98 306 2 ( 5 )  
26 319 


Reference compounds. * Extract of urine. c Number in parentheses is relative total ionization. d Recorded but not shown in Fig. 2. 


EXPERIMENTAL 


Twenty milligrams of codeine phosphate (14.1 mg. base) was 
given to a healthy male of 83 kg. body weight. The subject did not 
take any drugs previous to these studies. A total of 400 ml. of urine 
was collected during the 10 hr. after intake. Urine used in all ex- 
periments as a blank control was collected before intake of the 
codeine phosphate. Since most of the administered codeine and its 
main metabolite, morphine, are excreted in urine as glucuronides, 
all samples were hydrolyzed before analysis. One milliliter of urine 
was transferred to a 10-ml. culture test tube, 1 ml. of 6 N HCI was 
added, and the sample was hydrolyzed in a paraffin bath for 30 min. 
at  1o(rIlO". After hydrolysis, 1 ml. of borax-hydrochloric acid 
buffer (0.04 M ,  pH 8.85) was added and the mixture was titrated by 
careful addition of 8 N NaOH to pH 8.85. It was then extracted 
for 20 min. with 4 ml. of a 3:l  mixture of chloroform-isoamyl 
alcohol, using a mechanical shaker. After centrifugation at 3000 
r.p.m. for 5 min., 3 ml. of the organic layer was transferred to a 
glass-stoppered 3-ml. centrifuge tube and evaporated to dryness in 
a parafin bath at 80-90" under a stream of nitrogen. The dry res- 
idue was reacted with approximately 100 pl. of trifluoroacetic acid 
anhydride for 30 min. After evaporating to dryness, the dried 
residue was taken up in 100 pl. of chloroform and samples of this 
solution were injected into the G C  column. 


GC-mass spectroscopy analysis was performed with a gas 
chromatograph-mass spectrometer* with an accelerating voltage 
alternator. G C  was done on a silanized 1.8-m. (6-ft.) X 1.5- 
mm. i.d. glass column, packed with 3 %  SE-30 on 100-120-mesh 
Gas Chrom Q. Temperatures were: column, 210"; flash heater, 
250"; separator, 255"; and ion source, 290". The carrier gas was he- 
lium, with a 20-ml./min. flow rate. All mass spectra and accelerating 
voltage alternator recordings were registered at  an ionizing poten- 
tial of 70 cv. and a basic accelerating voltage of 3.5 kv. 


Table I represents, in a tabulated form, the relative abundance 
of the 10 strongest peaks above m/e 200 in the mass spectra of the 
trifluoroacetyl derivatives from: ( a )  the reference compounds and 
(b) hydrolyzed urine after codeine intake. The peaks are tabulated 
in order of decreasing abundance. 


Figure 1 displays the recordings of the trifluoroacetyl deriva- 
tives. The accelerating voltage alternator recording was per- 
formed at  70 ev. The analyzer/collector slit setting was 0.110.3. 
The multiplier gain setting was at  position 8 (range 1-11 = 1.2- 
3.5 kv.). 


The switching frequency of the accelerating voltage alternator 
unit was 2 Hz. The range of the accelerating voltage alternator unit 
is relatively small. By adjusting the magnetic field to m/e 282 (at a 
given basic accelerating voltage of 3.5 kv.), the accelerating voltage 
alternator unit allows a maximum simultaneous recording of mle 
310 (282 + 10%). Since we had to  have a registering range from 
m/e 282 to m/e 560, we had to readjust the magnetic field (and, sub- 
sequently, the accelerating voltage) to obtain at least three or four 
characteristic mass fragments of all four derivatives. 


* LKB 9000. 


The accelerating voltage alternator recordings in Fig. 1 B indicate, 
by retention time and peak ratio, the presence of the trifluoro- 
acetyl derivatives of morphine, codeine, normorphine, and nor- 
codeine. 


For further identification, the complete mass spectra of codeine, 
morphine, and norcodeine as their trifluoroacetyl derivatives could 
be recorded. Since the amount of normorphine present was very 
small, a 30-ml. sample of urine was prepurified by filtering off the 
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Figure 1-Accelerating cottage alternutor recordirK of rirclrcufcd 
mass rriiirs ( frifliroroacetyl dericutices, 200 ng. each) 01: A I ,  iirorplriiw 
(364) and codeine (395); A2, codeine (2821283); A3, morphine om/ 
norcodeine (4 7714 78); A4, iiormorphrrie and norcodL4ire (305,'306): 
AS, normorplritre (5591560); uird BI- 5,  corrrspondiirx c ~ ~ i n ~ ~ o r ~ i ~ d s  
after urine extraction. 
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Figure 2-Gas chromatogram of urine extracr after codeine intake. 
For GCdetails, src text. Key: trifluoroacetyl deriuativesof I ,  morphine; 
2, codeine; 3, unknown impurity; 4 ,  normorphine; and 5,  norcodeine. 
Strokes under 4 indicate the area where the repetitive scanning was 
performed. 


sediments and extracting it three times with an equal volume of 
ethyl ether. No normorphine was detected in the ether extract. The 
aqueous layer was then extracted twice with 25 ml. of the chloro- 
form-isoamyl alcohol (3 : 1) mixture. The residue, after evaporation 
of the solvent and derivative formation, was taken up in 50 pl. of 
chloroform. 


The column temperature was decreased to 188" and 5 +I. of the 
solution was injected into the GC column. The retention times of 
the trifluoroacetyl derivatives of morphine, codeine, normorphine, 
and norcodeine were found to be 8.8, 10.1, 12.4, and 14.7 min., 
respectively (Fig. 2, peaks 1,2,4,  and 5 ,  respectively). Small amounts 
of morphine and codeine were left in this prepurified mixture. By 
focusing the accelerating voltage alternator on mass units 559 and 
560, the M+ and M' + 1 ions of the trifluoroacetyl derivative of 
normorphine, the compound appeared as a shoulder on the tailing 
side of a somewhat larger peak due to impurities (Fig. 2, peaks 2 
and 4). 
In subsequent studies, repetitive scans were taken at intervals 


of 10 sec. during a retention time period from 12 to 13.67 min. 
The mass range encompassed in one scan was m/e 250-600, and a 
fast scan speed was chosen. Figure 3 shows the relative abundance 
of the most important and characteristic fragments of the trifluoro- 
acetylderivativeof normorphine plotted cersus elution time. It shows, 
furthermore, that m/e 277 and 386, which decrease in relative abun- 
dance with time, originate from the concurrently eluting unknown 
impurity peak, tailing allover the trifluoroacetylderivativeof normor- 
phine peak area (Fig. 3, peak 3). The recording of m/e 355, derived 
from the SE-30 column coating, keeps essentially constant over the 
wholearea. It is evident that the peak ratios of thedifferent mass units 
are nearly constant during the whole elution from the GC column. 


RESULTS AND DISCUSSION 


The results demonstrate the detection and identification of nor- 
morphine in human urine after intake of codeine phosphate. The 
detection of codeine and morphine has been reported in the litera- 
ture. The presence of normorphine as a metabolite of codeine has 
been confirmed by analyzing the urine of five individuals after in- 
take of 20 or 10 mg. of codeine phosphate. 


A corresponding sample of urine, to which 20 rng. of codeine 
phosphate was added, was allowed to stand for 12 hr. at room tem- 
perature and then subjected to the above-mentioned hydrolysis, 
extraction, and analysis procedures. Except for codeine, none of 
the identified metabolites was detected. 


To estimate the quantities of excreted metabolites, the peak 
heights of identified compounds in urine (Fig. 1 B) were compared 
with those of the known standards (200 ng. each) in Fig. 1A. An 
excretion of approximately 70 
total norcodeine, and approximately 10% total morphine was thus 
calculated in a sample of urine (400 ml. collected for 10 hr. after 
intake of 20 mg. codeine phosphate). Although we are presently 
unable to  do exact quantitative determinatjons, these findings are 
very close to those reported by Adler et 01. (7). The excretion of 
normorphine was calculated to be less than 4 %  of the administered 
dose of codeine. 


total codeine, approximately 9 
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Figure 3-Response ofpeaks m/e: 305, 306, 317, 319, and 560 of the 
tri'uoroacetyl dericatioe of normorphine plotted versus elution time 
from GC column; m/e 277 and 386 irrdicate tailing of prrcious eluting 
impurity peak (see Fig. 2, peak 3). The SE-30 columti background is 
shown at m/e 355. For more details, see text. 


A more quantitative investigation of the excretion of these 
metabolites with these techniques remains to be done. As can be 
seen from Fig. lA,  the response of the base peaks of each corn- 
pound (morphine, codeine, normorphine, and norcodeine as tri- 
fluoroacetyl derivatives) to the accelerating voltage alternator 
recorder is very different since the contribution of the base peaks to 
the total ion current differs for each compound. A slight drifting 
of the focusing and variations in the valve opening between the 
separator and the ion source may adversely affect quantitative de- 
terminations. It would, therefore, be preferable to  use an internal 
standard in the test mixture. The ideal internal standard would be 
an isotopically labeled compound with the same chemical struc- 
ture (8). For mass fragrnentography, no chemical differences are 
necessary and the mass difference alone is sufficient to discriminate 
between the substance under investigation and the internal standard. 
No variations concerning extraction, derivative formation, column 
adsorption, err., will be obtained. 
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Tumor Inhibitory Agent from 
Magnolia grandgora (Magnoliaceae) I : 
Parthenolide 


precipitate (2.9 g.) occurred which was identified as 
parthenolide (2). 


dron, 21,1509( 1%9. 


(1) Cancer Chemother. Rep. No. 25, Dec. 1962. 
(2) T. R Govindachar, B. S. Joshi, and V. N. Kamat, Tetrahe- 


Keyphmw 0 Magnolia gmndgom L.-isolation, identification of 
parthenolide. antitumor activity 0 Parthenolide-isolation, 
identification from Magnolia gmndipom, antitumor activity 0 
Antitumor activity-valuation of parthenolide, isolated and 
identified from Magndia gmndgora 


Sir: 
As a result of the continuing search for plants having 


tumor-inhibiting constituents, it was found that the 
petroleum ether extract of the leaves and stems of 
Magnolia grandgora L. showed inhibitory activity 
toward the human epidermoid carcinoma of the naso- 
pharynx test system (9KB cell culture)*. 


A preliminary examination of the petroleum ether 
extract revealed one major component. This component 
was isolated and shown to be the active constituent. 
The isolation was effected by solvent extraction fol- 
lowed by silica gel G, dry column chromatography. 
The compound was identified as parthenolide by means 
of its melting point; mixed melting point; IR, mass 
spectrometry, NMR, and elemental analyses; and 
comparison with an authentic sample-?. The compound 
demonstrated activity at a dilution level of 2.3 X 10' 
mcg./ml. Activity in the 9KB cell culture is defined as 
EDao less than or equal to a dilution of 20 mcg./ml. 
for plant extracts. The results are expressed as a dose 
that inhibits growth to 50% of the control growth 3 
days after drug addition (1). 


The dried leaves and stems (7 kg.) were ground, 
placed in a Lloyd-type extractor, and exhaustively 
extracted with petroleum ether (b.p. 40-60"). After 
removal of the solvent, the residue (160 g.) was treated 
several times with petroleum ether (b.p. 40-60'). The 
material obtained from the solution was inactive and, 
therefore, was discarded. The crystalline insoluble 
portion (30 g.) was further purified by us6 of silica 
gel G, dry column chromatography. Seven grams of the 
crystalline petroleum ether-insoluble material was 
placed on a silica gel G column and eluted with 
dichloromethane-benzne-ethyl acetate (12 : 24 : 3). 
Forty 10-ml. fractions were collected. On the basis of 
TLC (silica gel G, dichloromethane-benzne-ethyl 
acetate, 12:24:3), fractions 20-39, which showed a 
single spot, were combined. The solvent was removed, 
the residue was dissolved in chloroform and treated 
with activated charcoal', and excess ether was added 
after evaporation of most of the solvent. A crystalline 


1 The plant was collected on the cam us of the University of Arizona, 
Tucson, Am., in January 1969. I&ntlfication was confirmed by 
Robert J. Barr. Collepe of Pharmacy, and Dr. Charles Mason, Botany 
Department, University of Arizona. A reference specimen was also d e  
posited in the Un/versity of Arizona Herbarium. * Drun Evaluation Branch. Drug Research and Development, Chemo- 
thera y,-National Cancer Institut;. 


8 &e authors are indebted to Dr. B.. S. Joshi. Ciba of India Ltd.. 
Gorenaon Bombay. India. for providmg the authentx sample of 
parthholide. 
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Simple Method for Portal Vein 
Infusion in the Rat 


Keypbraaea 0 Portal vein infusion method--used to study &t- 
pass effect in rats 0 First-pass &ect-studied using simple method 
for portal vein infusion, rats 0 Absorption. first-pass dkt- 
studied using simple method for portal vein infusion, rats 


Sir: 
The rate and extent of drug absorption into the sys- 


temic circulation have been estimated by pharmacoki- 
netic analysis of plasma concentration-time data. or 
urinary excretion data (1, 2). The percent of absorphp 
can be assessed by comparison of the relative areas 
under the plasma concentration-time curves after oral 
and intravenous administration. This method is based 
on the presumptions that the distribution and elimina: 
tion of a drug may be expressed in terms of first-orher 
kinetics within the dose range studied and that the 
parameters of the distribution and elimination rem&n 
constant after administering the same quantity of drup 
by different routes. Thus, the resultant areas are in- 
dependent of the route of administration and,,pro- 
portional to the dose even when given by differept 
routes. However, it was recently shown that the are& 
under the blood level-time curves for aspirin (3) and 
lidocaine (4) after infusion into a peripheral vein were 
considerably greater as compared with results observ!d 
after infusion of an equal dose into the portal vein in 
dogs. The reduction in area under the blood level- 
time curves after portal vein infusion has been attributed 
to a significant degree of metabolism of the drugs 
during the first passage through the liver. 


In this communication, we report a simple method for 
portal vein infusion in the rat to study the first-pass 
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Isolation and In Vitro Antfingal Activity of 
6,6 I-Dihydroxy thiobinupharidine 


W. P. CULLEN*, R. T. LaLONDE*., C. J. WANGt, and C. F. WONG* 


~~ ~~ ~ ~ 


Abstract The isolation procedure for obtaining a new nuphar 
alkaloid, 6,6‘-dihydroxythiobinupharidine (formerly named 6.6’- 
dihydroxythionuphlutine-A), and its in cirro activity against eight 
human pathogenic fungi are described. 


Keyphrases 0 6,6’-Dihydroxythiobinupharidine-isolation from 
Nuphar luteum subsp. macrophyllum, tested for antifungal activity 0 
Nuphar luteurn subsp. macrophyllum (Bea1)-isolation of 6,6’-di- 
hydroxythiobinupharidine, tested for antifungal activity 0 Anti- 
fungal agents, potential-isolation and testing of 6,6’-dihydroxy- 
thiobinupharidine from Nuphar luteum subsp. macraphyllum 


The usefulness of various preparations of nuphar 
rhizomes in treating enteritis, gingivitis, and skin dis- 
eases was reported in 1945 (1). Subsequently, other 
accounts have dealt with the isolation of alkaloid mix- 
tures, specific compounds of unknown structure, and 
the activity of these materials against specific organisms 
(2-5). This report describes the isolation of 6,6’-di- 
hydroxythiobinupharidine’ (I) and the results of pre- 
liminary studies dealing with the activity of this sub- 
stance against eight human pathogenic fungi. The 
study leading to the structure of 6,6’-dihydroxythiobi- 
nupharidine and to that of a companion alkaloid, 
6,6’-dihydroxythionuphlutine-B, was reported pre- 
viously (6). 


EXPERIMENTAL.’ 


Plant Material-Nuphar luteum subsp. macrophyllum (Beal) 
(9) rhizomes were harvested from the flats along the lower Hudson 
River near Columbianville, N. Y., during August 1968. The rhi- 
zomes were sliced into 0.63-cm. (0.25-in.) sections and dried under 
electric fans at room temperature with frequent turning. The dried 
rhizome sections were ground to a fine powder in a Wiley mill 
immediately before extraction. 


Isolation of 6,6‘-Dihydroxythiobinupharidine-A 500-6. quantity 
of powdered plant material was soaked with 1 1. of 10% aqueous 
ammonia for 24 hr. The resulting rpixture was extracted with 


I 


1 The alkaloid was originally named 6.6’-dihydroxythionuphlutine-A 
( 6 ) .  While elucidating the structure of this alkaloid, it was reduced to 
thionuphlutine-A (6).  Recently, the latter alkaloid was observed to be 
identical with thiobinupharidine (7), an alkaloid whose structure had 
remained unknown until the discovery of its identification with thio- 
nuphlutine-A. Since the name thiobinupharidine has ,precedence (8). 
the name thionuphlutine-A should be deleted from the literature. 


2 Verification of the plant material was made by Mr. S. Smith of the 
New York State Botanists Office, Albany, N. Y. A voucher specimen 
has been deposited at the New York State Botanists Office, Albany, 
N.  Y. 


Elemental analyses were performed by Galbraith Laboratories, 
Knoxville, Tenn., and the analytical laboratories of Stanford Research 
Institute. Menlo Park, Calif. 


ethylene chloride (3 X 5 I.). Each separate extract was washed se- 
quentially with lOoO-, 750-, and 625-mI. portions of 10% sulfuric 
acid. The combined acid wash was made alkaline with aqueous 
ammonia in ice. The resulting turbid mixture was extracted with 
-3 1. of chloroform. The deep ambercolored extract was dried 
over sodium sulfate. Removal of the solvent at the rotary evapora- 
tor (<a”) yielded <6 g. of dark-brown viscous oil, which was 
dissolved in 70 ml. of ethanol and treated with 15% ethanolic 
methylene-bi&alicylic) acid. The brown precipitate which resulted 
was filtered off and shaken with 60 ml. of 10% aqueous ammonia, 
and me mixture that formed was extracted with chloroform. The 
chloroform extract was dried over sodium sulfate. Removal of the. 
solvent on the rotary evaporator yielded 4.2 g. of oil, 4 g. of which 
was eluted from a column of neutral alumina (activity grade 111, 
170 g.) with 13 50-1111. portions (fractions A1-A13) of rr-hexane- 
methylene chloride (99:l). The column was eluted further with 50- 
ml. portions (fractions A14A62) of n-hexane-methylene chloride 
containing gradually increasing amounts of the latter. After the 
fraction of methylene chloride had reached 50z, the column was 
eluted with 50-ml. portions of pure methylene chloride (fractions 
A63-A86) and finally with 50-ml. portions of methylene chloride- 
10% methanol. Fractions A72-A86 amounted to 402 mg. of a 
glass-like solid, 6,6’-dihydroxythiobinupharidine; [& +44.5” 
(methylene chloride, c 1.2); TLC (0.25 mm. alumina GFaa4 on a 
20-cm. plate); RI (methylene chloride-O.6% methanol) 0.3; RI 
(methylene chloride-1 % methanol) 0.67. 


Anal.-Calc. for Cl&14~N~04S: C, 68.41; H, 8.04; N, 5.33; S, 
6.09. Found: C, 68.64; H, 8.10; N, 5.26; S, 5.95. 
6,6’-Dihydroxythiobinupharidine was dissolved in methylene 


chloride and was treated with 2 equivalents of dilute perchloric 
acid in the sonic oscillator. The solvents were removed at reduced 
pressure and the crystalline residue was recrystallized from 
methanol to give the bjsiminium diperchlorate, m.p. (powder) 226- 
228’ and (large crystals) 232-234”; [a]: +184” [c, 0.5 methanol- . ._ 


acetone (16.5:3.5)]. 
Anal.-Calc. for Cl&14CbN20,0S: C, 52.09; H,  5.84; Cl, 10.25; 


N, 4.05; S, 4.63. Found: C, 52.19; H, 5.60; Cl, 10.28; N, 4.01; S, 
4 R4 ..- .. 


Other physical properties of 6,6’-dihydroxythiobinupharidine 
and its bisiminium diperchlorate were reported previously (6). 


Combined fractions A47-A62 (356 mg.) were rechromatographed 
on 25 g. of neutral alumina (activity grade HI), which was eluted 
sequentially with four 50-ml. portions of benzene (fractions Bl-W), 
three 50-ml. portions of methylene chloride (fractions B5-B7), and 
finally with 25 ml. of methanol. A 156-mg. portion of fraction B5 
(175 mg.) was rechromatographed on 10 g. of neutral alumina 
(activity grade IV), which was eluted with 50ml. of n-hexane(fraction 
Cl) and three 25-ml. portions of benzene (fractions C2-C4). Frac- 
tion C3 consisted of85 mg.of a pure,glass-like solid, 6,6’-dihydroxy- 
thionuphlutine-B; [a]? -69’ (c, 10 mg./ml., methylene chloride); 
TLC (0.25 mm. alumina GFaa4 on a 20-cm. plate); R/ (methylene 
chloride-1 % methanol) 0.75. 


Anol.--Calc. for Cl&14*N~OlS: C, 68.41; H, 8.04; N, 5.33; S, 
6.09. Found: C. 68.38; H, 8.21; N, 5.34; S. 5.79. 


Other physical properties of 6,6’-dihydroxythionuphlutine-B 
were reported previously (6). 


Determination of Antifungal Properties-Twenty-five milliliters 
of a 0.01 M aqueous acetic acid solution containing the alkaloid 
at a concentration of 490 mcg./ml. was sterilized by filtering through 
a Seitz filter. The sterile alkaloid was added to four portions of 
sterile, melted (50”) Sabouraud dextrose agar to make the final 
concentrations of the alkaloid in the Sabouraud dextrose agar 
100, 10, 1, and 0.1 mcg./ml. They were distributed into sterile “per- 
fume” bottles and made into slants. 


The eight human pathogenic fungi tested in this study were: 
Histoplasma capsularum Darling (No. 1098), Blastomyces dermali- 
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Tabk ISensitivities of Histoplasma and Blastomyces to 6,6'-Dihydroxythiobinupharidine as Expressed by Weekly 
Increments of the Diameter of Colony (in Millimeters) on Sabouraud Dextrose. Agar a t  25" (Mycelial Phase) 


Concentra- 
tion of ------- Histoplasma capsdatum -Blastomyces dermatitidi- 


Alkaloid, ----Isolate No. 108-- ---Isolate No. 1 1 O L  -Isolate No. 1099- -Isolate No. 1107- 
1 2 3 4  5 6  mcg./ml. Week 1 2 3 4 5 6 1 2 3 4 5 6  1 2 3 4 5 6  


100 
80 
60 
40 
20 
I0 


Acetic acid 
control 


Control 


0 0 O T O  46 7 
0 0 2 4  5 8 
0 3 4 7  13 17 


O O O O T T  
0 0 0 0 0 0  


O O O T T T  
O O T T T T  


0 0 0 2  5 5  
0 0 2 3  6 7  
0 0 2 3  7 7  0 0 0 0 0 T -  0 0 T -2 -2 -2 


0 3 8 1 2  14 16 0 0 O T -  2 - 5  0 2 3 3 4 4 
0 5 11 16 19 24 0 6 12 17 20 23 0 6 9 11 15 18 
2 9 14 20 23 26 2 4 7 7 13 18 2 7 9 14 19 20 
4 14 25 29 31 31 


7 12 22 26 27 27 


0 6 14 19 28 31 


2 10 15 27 31 31 


8 19 26 28 29 29 


8 18 26 28 30 30 


0 0 8 11 13 21 
0 0 7 12 15 25 
4 10 16 25 28 30 
6 26 31 32c 32 32 


8 25 31 32 32 32 


0 Trace of growth. * Average diameter of two cultures. c Maximal growth; surface area cf this bottle is 32 x 32 mm. 


tidis Gilchrist and Stokes (No. 1099), Trichophyton mentagrophytes 
(Robin) Blanchard (No. 1100), T. tonsurans Malmsten (No. 1101). 
Microsporum gypseum (Bodin) Guiart and Grogorakis (No. 1102). 
M. canis Bodin (No. 11031, Cryptococcus neoformans (Sanfelice) 
Vuillemin (No. 1104), and Candida albicans (Robin) Berkhour (No. 
1105). 


Each bottle was center-inoculated with a 2 X 2-mm. portion of 
a 2-week-old mycelial culture or a loopful of yeast-like candida or 
cryptococcus. All cultures were made in duplicate and incubated at 
25". Linear expansion of each colony was measured weekly up to 5 
weeks and at the end of 8 weeks. 


Subsequent tests were performed with two isolates each of H. 
capsulatum (Nos. 1098 and 1106) and B. dermatitidis (Nos. 1099 and 
1107) and Sabouraud dextrose agar slants containing 100,80,60,40, 
20, or 10 mcg. of the alkaloid per milliliter of Sabouraud dextrose 
agar. 


The toxicity of 6,6'-dihydroxythiobmupharidine in mice was 
ascertained from results (NSC 141542) obtained by the Cancer 
Chemotherapy National Service Center, National Cancer Institute, 
Bethesda, Md. 


RESULTS AND DISCUSSION 


The effect of the alkaloid 6,6'-dihydroxythiobinupharidine on the 
growth of histoplasma and blastomyces was measurable. At 100 
mcg./ml., the alkaloid inhibited the growth of H .  capsdatum up to 
3 weeks, whereas it completely suppressed the growth of B. &ma- 
titidis. At the same concentration the alkaloid suppressed the 
growth rate of M. gypseum and M. canis up to 3 weeks; the growth 
of T. mentagtwphyte and T .  tonsurans was suppressed up to 5 weeks. 
However, the alkaloid at a concentration of 100 mcg./ml. exerted no 
inhibitory effect against yeast-like candida or cryptococcus. 


Table I reveals that isolate No. 1106 of H .  cupdatum was more 
sensitive to the alkaloid than isolate No. 1098. Likewise, B. derma- 
titidis isolate No. 1099 was more sensitive to the alkaloid than was 
No. 1107. Clearly, the alkaloid at a concentration of 40 mcg./ml. 
may inhibit the mycelial growth of some strains of H. capsularum 
and B. dermatitidis. 
These results show that 6,6'-dihydroxythiobinupharidine pos- 


sesses antifungal properties in oitro. The effect of this alkaloid in 


treating animal mycoses will be investigated in the near future. In 
preliminary tests on mice, no deaths occurred upon intraperitoneal 
administration of 100 and 200 mg. of alkaloid per kilogram of 
mouse once daily for 30 days. At a level of 400 mg. of alkaloid per 
kilogram of mouse, four of six mice died within 30 days. 
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Tumor Inhibitory Agent from 
Magnolia grandgora (Magnoliaceae) I : 
Parthenolide 


precipitate (2.9 g.) occurred which was identified as 
parthenolide (2). 


dron, 21,1509( 1%9. 


(1) Cancer Chemother. Rep. No. 25, Dec. 1962. 
(2) T. R Govindachar, B. S. Joshi, and V. N. Kamat, Tetrahe- 


Keyphmw 0 Magnolia gmndgom L.-isolation, identification of 
parthenolide. antitumor activity 0 Parthenolide-isolation, 
identification from Magnolia gmndipom, antitumor activity 0 
Antitumor activity-valuation of parthenolide, isolated and 
identified from Magndia gmndgora 


Sir: 
As a result of the continuing search for plants having 


tumor-inhibiting constituents, it was found that the 
petroleum ether extract of the leaves and stems of 
Magnolia grandgora L. showed inhibitory activity 
toward the human epidermoid carcinoma of the naso- 
pharynx test system (9KB cell culture)*. 


A preliminary examination of the petroleum ether 
extract revealed one major component. This component 
was isolated and shown to be the active constituent. 
The isolation was effected by solvent extraction fol- 
lowed by silica gel G, dry column chromatography. 
The compound was identified as parthenolide by means 
of its melting point; mixed melting point; IR, mass 
spectrometry, NMR, and elemental analyses; and 
comparison with an authentic sample-?. The compound 
demonstrated activity at a dilution level of 2.3 X 10' 
mcg./ml. Activity in the 9KB cell culture is defined as 
EDao less than or equal to a dilution of 20 mcg./ml. 
for plant extracts. The results are expressed as a dose 
that inhibits growth to 50% of the control growth 3 
days after drug addition (1). 


The dried leaves and stems (7 kg.) were ground, 
placed in a Lloyd-type extractor, and exhaustively 
extracted with petroleum ether (b.p. 40-60"). After 
removal of the solvent, the residue (160 g.) was treated 
several times with petroleum ether (b.p. 40-60'). The 
material obtained from the solution was inactive and, 
therefore, was discarded. The crystalline insoluble 
portion (30 g.) was further purified by us6 of silica 
gel G, dry column chromatography. Seven grams of the 
crystalline petroleum ether-insoluble material was 
placed on a silica gel G column and eluted with 
dichloromethane-benzne-ethyl acetate (12 : 24 : 3). 
Forty 10-ml. fractions were collected. On the basis of 
TLC (silica gel G, dichloromethane-benzne-ethyl 
acetate, 12:24:3), fractions 20-39, which showed a 
single spot, were combined. The solvent was removed, 
the residue was dissolved in chloroform and treated 
with activated charcoal', and excess ether was added 
after evaporation of most of the solvent. A crystalline 


1 The plant was collected on the cam us of the University of Arizona, 
Tucson, Am., in January 1969. I&ntlfication was confirmed by 
Robert J. Barr. Collepe of Pharmacy, and Dr. Charles Mason, Botany 
Department, University of Arizona. A reference specimen was also d e  
posited in the Un/versity of Arizona Herbarium. * Drun Evaluation Branch. Drug Research and Development, Chemo- 
thera y,-National Cancer Institut;. 


8 &e authors are indebted to Dr. B.. S. Joshi. Ciba of India Ltd.. 
Gorenaon Bombay. India. for providmg the authentx sample of 
parthholide. 
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Simple Method for Portal Vein 
Infusion in the Rat 


Keypbraaea 0 Portal vein infusion method--used to study &t- 
pass effect in rats 0 First-pass &ect-studied using simple method 
for portal vein infusion, rats 0 Absorption. first-pass dkt- 
studied using simple method for portal vein infusion, rats 


Sir: 
The rate and extent of drug absorption into the sys- 


temic circulation have been estimated by pharmacoki- 
netic analysis of plasma concentration-time data. or 
urinary excretion data (1, 2). The percent of absorphp 
can be assessed by comparison of the relative areas 
under the plasma concentration-time curves after oral 
and intravenous administration. This method is based 
on the presumptions that the distribution and elimina: 
tion of a drug may be expressed in terms of first-orher 
kinetics within the dose range studied and that the 
parameters of the distribution and elimination rem&n 
constant after administering the same quantity of drup 
by different routes. Thus, the resultant areas are in- 
dependent of the route of administration and,,pro- 
portional to the dose even when given by differept 
routes. However, it was recently shown that the are& 
under the blood level-time curves for aspirin (3) and 
lidocaine (4) after infusion into a peripheral vein were 
considerably greater as compared with results observ!d 
after infusion of an equal dose into the portal vein in 
dogs. The reduction in area under the blood level- 
time curves after portal vein infusion has been attributed 
to a significant degree of metabolism of the drugs 
during the first passage through the liver. 


In this communication, we report a simple method for 
portal vein infusion in the rat to study the first-pass 
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effect, using propranolol as a test compound. The 
method consists of cannulation into the pyloric vein. 
A rat weighing 200-240 g. was anesthetized lightly with 
ether at suitable intervals, and the abdomen was opened 
through a midline incision. The pyloric vein was exposed 
by pushing aside the duodenum of the intestine, and 
a minimal amount of connective tissue was removed 
from the pyloric vein to facilitate ligation. The pyloric 
vein was then ligated approximately 0.7 cm. distal to 
the junction of the pyloric vein and hepatic portal vein. 
A cannula (polyethylene tubing, 0.04-cm. i.d., 0.06-cm. 
o.d., 7-cm. length), filled with heparin solution (200 
units/ml.) and closed with an arterial clamp at the other 
end, was inserted into the pyloric vein, approximately 
0.2 cm. proximal to the ligature, after careful venous 
puncture using a needle point. The cannula was gently 
guided upward into the portal vein so that its tip pro- 
jected several millimeters into the vein (Fig. 1). The 
cannula was secured by ligation with nylon suture. A 
syringe was attached to the end of the cannula, and it 
was then confirmed that the portal blood could be 
detected in the cannula with a slight suction. The ab- 
dominal incision was closed, and the syringe was re- 
placed by another syringe containing infused solution. 
After the end of the infusion experiment, it is desirable 
to inject methylene blue solution at an appropriate 
concentration into the cannula and to observe the liver 
stained with the dye in order to check for lack of leak- 
age during infusion. 


Propranolol was administered to rats by rapid in- 
fusion into the femoral vein or by constant infusion 
into the hepatic portal vein during 50 min. using an 
infusion pump. Blood samples (0.1-0.2 ml.) were 
taken at various intervals through a cannula inserted 
into the femoral artery and were diluted with 1.0 ml. of 
water prior to extraction. The propranolol concentra- 
tions in whole blood were determined spectrophoto- 
fluorometrically by a minor modification of the method 
of Shand et al. (5).  The fluorescence of propranolol 
in 0.1 N HCI was measured in a spectrophotofluorom- 
eter’ (maximum excitation 295 nm., maximum emission 
360 nm.). An equal volume of blood to sampled blood 
was transfused each time by an intravenous infusion. 
The blood for transfusion was taken from another rat 
of the same strain. 


The blood concentration-time curve after intravenous 
administration was described in all rats by a biexpo- 
nential equation of the form C = Ae-O‘ + Be-Bt. 
Table I lists the mean areas under the blood concentra- 
tion-time curves after intravenous and portal vein 
infusion. The data show that the mean areas under the 
blood concentration-time curves after portal vein in- 
fusion were found to be 7.8 (2.5 mg./kg.) and 90.9% 
(12.5 mg./kg.) of the mean areas of the corresponding 
intravenous infusion curves. Although the area under 
the blood concentration-time curve after intravenous 
administration was directly proportional to the dose, 
the mean area obtained after portal vein infusion at a 
dose of 2.5 mg./kg. was less than 40% of the mean area 
of intravenous infusion at an equal dose. Shand er al. 


Hitachi model 203. 


Table I-Mean Areas under Blood Concentration-Time Curves 
after Rapid Intravenous and Constant Portal Vein Infusion 
of Propranolol 


N W -  Area 
Administration Dose, ber of Mean f SE, Relative 


Route mg./kg. Rats ng. min./ml. A m  


Intravenous 2.5 3 52746 f 3937b 1.0 
12.5 3 2f3546* 19245” 4.9 


Intraportal 2.5 5 4129 f 750* 0.078. 
12.5 5 236837 f 21Wd 0.909. 


., Intravenous doses were Oiven within 30 sec. into the femoral vein. 
and intraportal doses were tven at a constant rate during 50 min. into 
the h atic portal vein. b Cafculated as ( A / n  + B/B). e Compared with the 
area %r an intravenous dose of 2.5 mg./kg. * Calculated using the trap- 
ezoidal rule. The area for the tail end after the last sampling at a dose 
of 12.5 mp./kp. was calculated by Cr/& where CI is the blood concen- 
tration at time r, and the rate constant was estimated from the termi- 
nal slope of a semilogarithmic plot of the blood concentrations of pro- 
pranolol after the end of infusion. d Compared with the areas for the 
corresponding intravenous doses. Significantly different at a dose of 2.5 
mg./kg. ( p  < 0.001) and not significantly different at a dose of 12.5 me./ 
kg. (p < 0.4). 


( 5 )  reported that, in the same human subjects, pro- 
pranolol reaching the systemic circulation was estimated 
to be 16-60 % of an oral dose from the ratio of the areas 
under the plasma concentration curves after oral and 
intravenous administration. After oral administration 
of doses less than 30 mg., only trace amounts of pro- 
pranolol were detected in the systemic circulation in 
six human subjects, while the area under the blood 
concentration-time curve was linearly related to dose 
with oral doses exceeding 40 mg. (6). The results in 
rats show that the clearance of propranolol from the 
portal circulation during its first passage through the 
liver can explain the significant reduction of the area 
under the curve at the lower dose. 


Administration of a drug into the portal vein blood 
has been attempted only in the dog to study differences 
in areas under blood level-time curves as a function of 
route of administration (3, 4). In these reports, a can- 
nula was introduced into the hepatic portal vein through 
a branch of the splenic vein (3) or a tributary of the 
superior mesenteric vein (4). The method for sampling 
portal vein blood presented by Pelzmann and Have- 
meyer (7)could be used for administering a drug into 


Piiure 1-Representation of pyloric w i n  cannufation. Mesenteries 
were retracted to show the cannulation. 
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the portal vein of the rat. However, the portal vein 
infusion using the pyloric vein cannulation overcomes 
several disadvantages inherent in the use of direct cannu- 
lation into the portal vein, since the latter surgery is 
delicate, requiring speed and accuracy to prevent ex- 
cessive engorgement of the intestinal veins and acute 
loss of blood in the liver. The pyloric vein was selected 
because of its accessibility and a suitable branch of the 
hepatic portal vein to facilitate cannulation. The method 
for portal vein infusion in this communication is simple 
and practical as compared with that in the dog. This 
procedure in the rat has proven useful in drug absorp- 
tion and metabolism studies. Details of these studies 
will be reported elsewhere. 


(1) J. G. Wagner and E. Nelson, J. Pharrn. Sci., 52,610(1%3). 
(2) J. C. K. Loo and S.  Riegelman, ibid., 57,918(1%8). 
(3) P. A. Harris and S .  Riegelman, ibid., 58, 71(1969). 
(4) R. N. Boyes, H. J. Adams, and B. R. Duce, J. Pharrnacol. 


Exp. Ther., 174, l(1970). 


( 5 )  D. G. Shand, E. M. Nuckolls, and J. A. Oates, CNn. Phar- 


(6) D. G. Shand and R. E. Rangno, Pharmacology, 7,159(1972). 
(7) K .  S. Pelzmann and R. N. Havemeyer, J. Pharm. Sci., 60,331 


macd. Ther., 11, 112(1970). 
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REVIEWS 


Amino-Adds, Peptides, and Proteins. A Specialist Periodical Report. 
Volume 3. G. T. YOUNG, Senior Reporter. The Chemical Society, 
London, WIV OBN, England, 1971. xiv + 379 pp, 14.5 X 22 
cm. Price S6.00. 
This third volume continues the annual review of the literature in 


the field of amino acids, peptides, and proteins, covering about 2300 
papers published mostly in 1970. Under the editorship of G. T. 
Young from Oxford (who is called “senior reporter” in the Chemical 
Society’s terminology), a group of 15 “reporters” summarize the 
developments during 1970 in 5 chapters, giving brief abstracts of the 
papers or mere one line notations, depending on the significance 
ascribed to the publication. Chapter 1 by B. W. Bycroft covers amino 
acids (30 pages) in a rather readable fashion. Chapter 2, “Structural 
Investigation of Peptides and Proteins,” takes up most of the space 
(188 pages). It involves a number of contributors and includes ex- 
tensive coverage of the work on sequencing and X-ray crystallog- 
raphy of proteins. Chapter 3, “Peptide Synthesis” (57 pages), by 
J. H. Jones opens with some statistics to document the reporter’s 
contention that essentially all the important news on this topic can 
be covered by monitoring 25 primary journals. The last two chapters 
discuss “Peptides with Structural Features not Typical of Proteins” 
(47 pages) and “Metal Derivatives of Amino-acids, Peptides, and 
Protein” (36 pages), the latter covering the two-year period of 1969- 
1970. 


The volume is in keeping with the high standards which one has 
come to expect of the “Specialist Periodical Reports.” The re- 
viewer is not expert enough to judge whether the coverage is com- 
plete but at least did not notice any major omissions. As is almost 
unavoidable in a compilation of a huge amount of material like this, 
occasional errors do creep in, although the number seems to be 
quite small. One picky little example (as the customary documenta- 
tion that the reviewer has read the book): A table on page 13 lists 
among a-amino acids which have been synthesized for the first time, 
Sfluorotryptophan with a 1969 reference, a compound which this 


reviewer has bought as a catalog item from a commercial supplier as 
far back as 1963. This leads me to what I consider the main short- 
coming of this type of publication. The information in the litetature 
is strictly “reported” including many of the claims of the original 
authors, leaving -tially all the evaluation of the work to the 
reader. Since many claims take on a stronger flair of truth if they 
are repeated by third parties, this means that unless the reader goes 
back to the original literature, he may be left with some conclusions 
which are not as soundly based as he may think. While this referee 
would prefer a more critical review of the literature, the cbntributors 
usually stick to their assigned role as impartial reporters, with a few 
notable exceptions (e.g., Jones on pages 247 and 248). 


This difference in taste notwithstanding, the reviewer feels that 
this volume belongs on the bookshelf of every chemist and medicinal 
chemist who has anything to do with amino acids or their polymers 
since it is one of the mast comprehensive sources of ihformation in 
this field. 


Reoiewed by H. G. Floss 
Purdue University 
hfayette,  IN 47907 H 


Food Chemicals Codex, Second Edition. Prepared by the Committee 
on Specifications, Food Chemicals Codex, of the Committee 
on Food Protection, National Research Council, National 
Academy of Sciences, 2101 Constitution Ave., N.W., Washing- 
ton, DC 20418,1972.1039 pp. 15 X 23 cm. Price S20.00. 
This edition, slightly larger than the first, contains 639 mono- 


graphs. Monographs are provided for chemicals added directly 
to food to perform some desired function as well as substances 
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Fluorometric Measurement of 5-Fluorocytosine in 
Biological Fluids 


DENIS WADE' and GILLIAN SUDLOW 


Abstract 0 A spectrofluorometric method is described for the assay 
of 5-fluorocytosine in biological fluids. The method has the ad- 
vantage of high specificity and has proved to be equally suitable 
for assaying the drug in human plasma and urine. 


Keyphrases 0 5-Fluorocytosine-spectrophotofluorometric deter- 
mination in biological fluids 0 Spectrophotofluorometry-deter- 
mination of 5-fluorocytosine in biological fluids 


The concentration of 5-fluorocytosine in biological 
fluid can be measured by a microbiological technique 
involving the inhibition of the growth of Candida 
albicans'. Although this technique has high sensitivity 
(1-1.5 mcg./ml.), there is a problem of interference by 
unknown constituents in the urine and the specificity of 
the method may not allow measurement when there is 
simultaneous administration of other antifungal drugs. 


The fluorometric method described here has the ad- 
vantages of specificity and is equally applicable to 
plasma and urine. The method is less sensitive than 
the C. albicans assay but encompasses the therapeutic 
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Figure 1-Relationship between the concentration of 5-fluorocytosine 
in alkaline aqueous solutions and fluorescence intensity. Solutions 
were excited at a wacelength of 300 nm., andfluorescence was meas- 
ured at 365 nm. 


1 M$!hod report: "Agar diffusion assay of 5-fluorocytosine in human 
serum, F. Hoffmann-La Roche & Co., Basel, Switzerland. 
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range and the very high plasma levels seen in some pa- 
tients with renal insufficiency. 


EXPERIMENTAL 


Principle-SFluorocytosine is isolated from protein-free bio- 
logical fluids by TLC. After elution from the chromatoplate, the 
fluorescence of the eluate is measured in alkaline solution. 


Reagents-The following were used: (a )  5-fluorocytosine2; 
(b) n-butanol, analytical reagent grade; (c) glacial acetic acid. 
analytical reagent grade; and (d) 0.75 M NaOH. All solutions 
were made up in glass-distilled water. 


Procedure-Serum Estimations-Two-milliliter serum samples are 
ultrafiltered through a pressure filtration funnel' using an ultrdltra- 
tion membrane' a t  90 p.s.i. of oxygen. Twenty microliters of the 
first drop of the ultrafiltrates is spotted on thin-layer chromato- 
plates' alongside 5 mcg. of authentic 5-fluorocytosine as a standard. 
Chromatograms are then developed in one direction using the sol- 
vent system of butanol-acetic acid-water (6: 1 :2). Developed chro- 
matoplates are dried and viewed under UV light at 254 nm. Squares, 
2.54 cm. (1 in.), corresponding to the 5-fluorocytosiae spots and 
serum blanks at an Rj of 0.59 are marked and cut out. The silica 
is scraped from these squares into centrifuge tubes, and the 5-fluoro- 
cytosine is eluted by thorough mixing with 2 ml. of distilled water. 
After centrifugation, the supernate is made alkaline with 2 drops of 
0.75 M NaOH and the fluorescence is measured, exciting at a 
wavelength of 300 nm. and measuring emission at 365 nm. 


A standard curve of the relationship between 5-fluorocytosine 
concentration and fluorescence intensity is established using freshly 
prepared standard solutions of 0.2, 0.5, and 1 mcg./ml. Since the 
ultrafiltrate is diluted by a factor of 100, these standards corre- 
spond to 20, 50, and 100 mcg./ml. of 5-fluorocytosine in serum, 
respectively. 


Urine Esrimations-5-Fluoroytosine in urine is measured using 
the same method. Twomilliliter urine samples are filtered through 
Whatman No. 1 filter paper, and 2-4. aliquots of the filtrate are 
spotted on the chromatoplates. Standard solutions of 0.1,0.5, 1, and 
1.25 mcg./ml. are used to establish the standard curve from which 
the 5-fluorocytosine concentration in the eluting solution is read. 
These standards correspond to urine Sfluorocytosine levels of 100, 
500, 1o00, and #)(lo mcg./ml., respectively, since a dilution factor of 
lo00 is involved. 


Calculation-The concentration of 5-fluorocytosine in the eluting 
solutions is established from their fluorescence measurements by 
reference to the standard curves. Since these standard curves are 
obtained from solutions in water and the recovery of 5-fluorocyto- 
sine from serum and urine averages approximately 80%. each 
value obtained for Sfluorocytosine concentration is corrected 
accordingly. 


RESULTS 


Fluorescence of 5-FTuorocytosine-SFluorocytosine fluoresces 
strongly in alkaline solution. The emission maximum is at 365 nm. 
when excited at 300 nm. The fluorescence of alkaline solutions of 
Sfluorocytosine increases with concentration up to 25 mcg./ml. and 
decreases at higher concentrations due to quenching. The relation- 
ship is sufficiently linear up to 10 mcg./ml. (Fig. 1) for the assay of 
solutions containing from 0.05 to 10 mcg./ml. of 5-fluorocytosine. 


5-Fluorocytoslne in Plasma-There is good linear correlation be- 
tween fluorescence and concentration up to 250 mcg./ml. of 5-fluoro- 


f Ro 29915 E/265'601, Roche Products Pty Ltd., Sydney, Australia. 
a Gelman. 


Diaflo type UM-2OE. 
Kieselgel FZG4. Merck. 
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Ffgure 2-Relationship between fluorescence intensity of the c h m  
matoplate eluate and the concentration of authentic 5-fluomytosine 
added to normal human plasma. 


cytosine in plasma (Fig. 2). Concentrations up to loo0 mcg./ml. can 
be read if standards are applied to the chromatogram to correct 
for altered recovery in this range. The upper and lower limits of the 
linear region lie outside the therapeutic blood levels and those high 
levels that may develop in patients with renal insufficiency (1). 


S-FhwKocytoeine in Urine--There is good linear correlation be- 
tween fluorescence and concentration up to 5000 mcg./ml. of 5- 
fluorocytosine in urine. Since 5-fluorocytosine in the urine can be 
up to 100 times more concentrated than in the plasma, the fluo- 
rescence of eluates from undiluted urine samples may fall outside 
the linear region of the standard curve. 


Spedfldty-Nod Human Plasma and Urine-The method 
appears to be highly specific for Sfluorocytosine in plasma. Con- 
trol estimations on the plasma from eight drug-free normal indi- 
viduals gave fluorescence readings corresponding to only 1.63.8 
mcg./ml. of 5-fluorocytosine in plasma, with a mean and standard 
deviation of 2.6 f 0.82 mcg./ml., well below the minimum thera- 
peutically useful plasma level of the drug. 


A similar high degree of specificity is seen with estimations in 
human urine. Control estimations on the urine from eight drug-free 
normal individuals gave fluorescence readings corresponding to 
13-75 mcg./ml. of 5-fluormytosine in urine, with a mean and stand- 
ard deviation of 35.7 f 24.5 mcg./ml. This again represents levels 
well below minimum values seen with therapeutic use of the drug. 


Possible Metabolites of 5-Fluomytosine-It was shown previ- 
ously (1) that little, if any, 5-fluorocytosine is metabolized in normal 
subjects and that 90% of a single dose is excreted as unchanged 
drug in the urine within 48 hr. If any Sfluorocytosine (I) was con- 
verted to 5-fluorouracil (11), this would not interfere with the 
assay because the two compounds are widely separated by the 
chromatography method described (Rt I 0.59; R f  I1 0.77). 


Other Drugs-In patients receiving no other drugs, Sfluoro- 
cytosine may be assayed directly in the plasma ultrafiltrate without 
the chromatography step. Ultrafiltered plasma blanks from drug- 
free individuals showed no significant interfering fluorescence; a 
standard curve showing a linear relationship between 5-fluoro- 


cytosine added to plasma and fluor- in the ul t rdtrate  was 
established over the range 10-200 mcg./ml. of plasma. However, 
aspirin and its metabolite, salicylic acid, fluoresce strongly at the 
wavelengths used in the assay and show significant interfeteace 
with this direct assay at tberapeutic blood levels. Chromatography 
using the solvent system described separated 5-fluorocytosine 
(Rj 0.59) from salicylate (R,  0.88) which thus does not interfere 
with the assay. Other drugs likely to be given simultaneously with 
5-fluorocytosine, including amphotericin B, nystatin, and azathio- 
prine, do not interfere with the assay. 


Seadtivity-The effective and safe range of blood levels prob- 
ably depends in part on the particular organism and the site and 
extent of the infection. This range is not yet known with certainty, 
but this assay is clearly sufficiently sensitive to measure below the 
minimum therapeutically effective blood level. The relative sensi- 
tivity limit (RSL) was calculated from the blank values of plasma 
and urine samples from eight drug-kee normal individuals using 
the formula: 


RSL - r..~-sdl + 1 


where J = standard deviation of the readings, h . t b  = one-sided 
t-deviate for the probability of error P = 5% and N - 1 degrees of 
freedom, and N = number of observations. 


In human plasma and in human urine, the relative sensitivity 
limit had a value of 1.65 and 49.1 mcg./ml. of 5-fluorocytosine, 
respectively. 


ReprodudMity-The method gives good reproducibility both 
in plasma and urine. The reproducibility was tested by eight 
analyses of the same sample of human plasma containing 80 mcg./ 
ml. of 5-fluorocytosine. A value of 68.01 f 2.28 mcg./ml. (meanand 
standard deviation) was obtained. 


In the case of human urine, the reproducibility was determined 
from 10 analyses of the same urine sample containing ~OCNI mcg./ml. 
of Sfluorocytosine. Avalue of 1902* 106 mcg./ml. (meanand stand- 
ard deviation) was obtained. 


Recovery-The recovery from human plasma was determined 
from seven analyses of samples containing known 5-fluorocytosine 
concentrations in the #)-1Oo-mcg./ml. range. It varied between 78 
and 89.5 %, with a mean and standard deviation of 8 I .72 f 4.07 %. 
The recovery from human urine was determined from 10 analyses 
of samples containing known 5-fluorocytosine concentrations in the 
SOO-Moo-mcg./ml. range. It varied between 70 and 92%. with a 
mean and standard deviation of 80.2 f 7.7%:. Recovery from 
plasma did not vary systematically with concentration, but re- 
covery from urine did decrease with increasing concentration. 


SUMMARY 


A specific spectrofluorometric method is described for the assay 
of 5-fluorocytosine in plasma and urine. The method has sufficient 
sensitivity to cover the therapeutic range and.higher values occa- 
sionally seen with cumulative overdose. The drugs likely to be used 
in association with 5-fluorocytosine do not interfere with the 
method, which would recommend it for the monitoring of blood 
levels in patients on long-term therapy. 
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Drug Permeation through Membranes I: 
Effect of Various Substances on Amobarbital 
Permeation through Polydimethylsiloxane 


EDWARD G. LOVERING' and DONALD B. BLACK 


Ab6tract 0 The effect of some excipients, nutrients, surfactants, 
and adsorbents on the permeation of amobarbital through poly- 
dimethylsiloxane was measured. At a pH of 5, the permeability 
coefficient, P,  of amobarbital is (7.70 f 0.34) X lo-* cm.1 sec.-l. 
The rate of drug transfer across the membrane depends on pH 
because only the unionized species is eligible for transfer. If P is 
calculated from the actual concentration of unionized drug, then 
transfer is not a function of pH. Excipients typical of those used in 
Canadian formulations of amobarbital or its sodium salt have no 
significant effect on the coefficient of permeability. Bovine albumin 
has no effect, but the coefficient is depressed by skim milk, 
perhaps due to binding of the drug. The drug is strongly adsorbed 
by charcoal. The permeation coe&ient is reduced by anionic, 
cationic, and nonionic surfactants in a way that is consistent with 
the concept of drug partition between the aqueous and surfactant 
phases present when surfactant micelles form in water. After dis- 
solution, the permeability coefficients of all Canadian amobarbital 
preparations tested were found to be identical. 


Keypbrases 0 Drug permeation through membranes-effect of 
excipients, nutrients. surfactants, and adsorbents on amobarbital 
permeation through polydimethylsiloxane 0 Amobarbital, per- 
meation through polydimethylsiloxane membranes-ect of 
excipients, nutrients, surfactants, and adsorbents, permeability 
coefficients of 14 formulations 0 Permeation, amobarbital through 
polydimethylsiloxane membranes4ect  of excipients, nutrients. 
surfactants, and adsorbents 0 Surfactant effect-amobarbital 
permeation through polydimethylsiloxane membranes 0 Excipient 
effect-amobarbital permeation through polydimethylsiloxane 
membranes 


While always a matter of concern (l), bioavailability 
and drug absorption have become topics of enlarged 
interest because of the economically motivated need to 
compare the effectiveness of different formulations of 
the same drug. Drug absorption can be envisaged as a 
two-step process: disintegration and dissolution in the 
GI tract followed by permeation through the gut wall 
into the blood. Both of these processes can be modeled 
in oitro. Extensive in uitro dissolution studies were 
carried out and led to USP (2) and NF (3) dissolution 
specifications for certain drugs. 


Drug permeation measurements, while not used as a 
means to control and evaluate formulations, have been 
applied to the study of interactions between drugs and 
other materials liable to affect absorption from the GI 
tract. The theoretical aspects of drug absorption were 
discussed by Suzuki et al. (4) and Wagner (9, while 
in uitro experimental work with animal membranes was 
reported by a number of workers (6-8). Synthetic mem- 
branes are of value in studying the interactions of drugs 
that cross the gut wall primarily by a partition-diffusion 
mechanism, where the rate of transfer across the mem- 
brane depends mainly on the membrane-aqueous 
phase partition coefficient and the solubility of drug in 
the membrane. If permeation rates of a series of similar 
drugs through a synthetic membrane are arranged in 


rank order, one would expect to find the same order of 
permeation rate in Dbo, provided no significant inter- 
action between drug and membrane takes place. This 
behavior is exhibited by the barbiturates (9). 


In comparison to animal membranes, synthetic mem- 
branes are uniform, reproducible, easy to handle, stable, 
and cheap. For convenient, reproducible rates of per- 
meation, the membranes should be elastomeric and 
well above their glass temperature. The material used 
should be noncrystalline at the temperature of the ex- 
periment to avoid variations in permeability due to 
changes in the degree of crystallinity. The latter depends 
upon the temperature and rate of crystallization, mo- 
lecular weight, molecular weight distribution, degree of 
branching, and other factors (10). Variations in mem- 
brane permeability may also arise from the presence of 
filler, plasticizer, and changes in the degree of cross- 
linking (1 I). While a number of synthetic polymers 
have been tried for drug interaction studies (9), most 
workers choose polydimethylsiloxane, probably be- 
cause it is one of the most permeable, nondialysis types 
of elastomers known (11). The effect of high surface 
area silica filler, present in commercially available poly- 
dimethylsiloxane membranes, was examined by Most 
(12) and Flynn and Roseman (13). Filler adds to the 
difficulty of membrane characterization and may lead 
to variation in the coefficient of permeability between 
different specimens of polydimethylsiloxane. Drugs 
and drug interactions studied by this technique include 
barbiturates, phenylalkylamines (9), aminophenones 
(14, 15), chlorpromazine (16), and various organic 
molecules (17). 


This paper reports the effect of typical excipients, 
endogenous substances, adsorbents, emulsifiers, and 
foods on the permeation of amobarbital through poly- 
dimethylsiloxane and rat intestinal membranes. The 
work is part of an extensive program of biophar- 
maceutical studies involving the economically most im- 
portant drugs sold in Canada. 


EXPERIMENTAL 


Pennention Apparatus-Steady-state permeation coefficients 
were measured using a cell of the type described by Garrett and 
Chemburker (1 8), modified by placing a magnetic stirring bar inside 
the cell. The cell was placed in a beaker containing a buffered solu- 
tion of the drug, and both the cell and beaker, stirred magnetically, 
were thermostat4 at 37 f 1 .O". The cell membranes, made of poly- 
dimethylsiloxane. were 0.014 cm. thick and contained about 30 
parts of silica filler (13). During an experiment the cell contained 
borate buffer solution at  pH 10 and the beaker contained about 160 
ml. of sodium amobarbital solution at a concentration in the region 
of 3.0 X l (r* M. Under theseconditions, steady-state diffusion was 
reached about 1 hr. after beginning the experiment. The permeation 
coefficient did not change when the same membrane was used in 
successive experiments. 


602 0 Journal of Pharmaceutical Sciences 







Table I-Permeability Coefficients Calculated from Measurements 
Made over a Range of pH Values 


TaMe II-Effect of Excipients on the Permeability 
Coefficient of Amobarbital 


Apparent 
Concentra- Permeation 


tion of Coefficiento, Actual 
Unionized Pa, Permeation 
Drug, CO, (cm.* =.-a) Coefficient*, P, 


PH M X los X 1W (cm.*sec.-I) X 1P 


6.03 2.428 8.22 8.35 
6.98 2.906 6.59 7.46 
7.05 2.867 6.24 7.21 
7.51 2.204 5.11 7.36 


5.29 7.62 
5.17 7.45 


7.52 1.927 5.24 7.61 
5.34 7.75 . . ~ .  . . . ~  


5.26 7.64 
7.61 2.002 4.92 7.69 
7.85 1.725 3.62 7.16 
8.03 1.301 2.87 7.12 
8.38 0.825 1.66 7.17 


Mean 7.51 f0.33 


a Calculated from the total dru concentration, C. * Calculated from 
c@, the concentration of umonmJ drug. 


Analysis-The desorbing borate solution was pumped contin- 
uously through the cells of a UV spectrometer, and readings at 
240.5 nm. were taken manually at appropriate time intervals. The 
time correction due to the external loop was less than 10 sec. and 
was neglected. Calibration of the spectrometer was with USP grade 
sodium amobarbital. Beer's law was obeyed. The extinction co- 
efficient was 9830 in borate buffer containing 3.092 g. 1.-l boric acid, 
3.782 g. 1.-l potassium chloride, and sufficient sodium hydroxide to 
yield a final pH of 10.00 (about 1.75 g.l.-l). 


Intestinal Reparation-Intestinal segments were obtained from 
fasted, male, Sprague-Dawley rats, weighing 240-280 g., after killing 
by decapitation or carbon dioxide. Tencentimeter segments of the 
proximal jejunum under a tension of 20 g. were mounted, non- 
everted, in a system of glass and polyethylene tubing, which per- 
mitted continuous flow of fresh 2.0 X 10-3 M sodium amobarbital 
in Krebs-Ringer bicarbonate buffer (19) at a pH of 7.4 through the 
segment to discard (20). Drug transfer across the intestine was into 
50 rnl. of serosal solution of the buffer without the drug. All solu- 
tions, at 37 f lo, were continuously oxygenated by bubbling an 
oxygen-carbon dioxide (95 : 5) mixture through them. Two-milli- 
liter aliquots were taken at 10-min. intervals for analysis and re- 
placed by fresh buffer solution. 


Drug Extraction and Analysis-Blank experiments made in the 
absence of drug showed that some substance which absorbs 
strongly in the UV is extracted from the intestinal segments under 
the experimental conditions, making a direct UV analysis impossible. 
For analysis, the serosal aliquot pH was lowered to 3.2 by adding 1 
rnl. of 0.05 N hydrochloric acid. The drug was extracted into 10 ml. 
chloroform by shaking overnight at room temperature. Eight milli- 
liters of the chloroform layer was shaken for 30 min. with 2 ml. 
0.45 N sodium hydroxide. About 76z of the drug was recovered by 
this procedure. Absorption in the aqueous layer was read at 255 
nm., and the drug concentration was read from a calibration curve. 


Materials-The following were used : sodium amobarbital 
USPI; lactose USPS; calcium sulfate dihydratea; acacia USP'; starch 
USP4; calcium stearate, technical'; talc, fine powdered, acid puri- 
fied'; activated charcoal'; bovine albumin, fraction VE; skim milk, 
household; caffeine USPE; sodium lauryl sulfate USP4; cetrimo- 
nium chlorid9; polysorbate 80'; sodium cholatelO; and gelatin BP6. 


1 May and Baker. 
1 Merck. 
8 Analar. British Drug House. 
4 Fisher. 
8 E. H. Sargent. 
6 British Drug House. 
7 Darco G-60, Anachemia. 
8 Eastman. 


Tween 80, Fisher. 
10 Sigma Chemical. 


Permeability 
Concentrationo, Coefficient, P, 


Excipient g. 1.-1 (cm.l sec.-l) x 1W 
Lactose 


Calcium sulfate 
dihydrate 


Acacia 
Gelatin 


Corn starch 


Calcium stearate 


Talc 


3.4 
10.5 
41.3 


1.8 
1.8 
10.6 
39.8 


5.0 
5.0 
10.2 
42.8 


4.0 
10.8 
41.2 


2.4 
2.4 


3.0 
5.2 
10.6 
20.0 


Mean 


Mean 


Mean 


Mean 


Mean 


Mean 


7.23 
7.45 
7.83 


7.50 f 0.31 
7.34 
7.10 
7.73 
7.71 


7.47 f: 0.31 
7.23 
7.05 
7.36 
7.88 


7.42 f 0.42 
7.12 
7.32 
7.25 


7.23 f 0.10 
7.77 
7.54 


7.65 f 0.16 
7.02 
6.81 
6.72 
6.91 


6.87 f 0.13 


0 In drug solution at a pH of 5. 


RESULTS AND DISCUSSION 


Pemneability Cddent -The  effect of various substances on the 
permeation of amobarbital through a polydirnethylsiloxane mem- 
brane is expressed in terms of a permeability coefficient, P: 


P = k D  (Eq. 1) 


where k is a constant for a given set of experimental conditions and 
D is the diffusion coefficient. Permeation refers to the transfer of 
drug from solution on one side of the membrane to solution on the 
other side, whereas diffusion is movement of drug within the mem- 
brane. If the concentration of drug in the membrane at the absorb- 
ing side is c and it is zero at the desorbing side and if steady-state 
conditions prevail, then the quantity of drug, 9. transferred across 
the membrane at time t is: 


where I is the thickness of the membrane (21). The concentration of 
drug in the membrane at the surface in contact with the solution is 
proportional to Co, the concentration of unionized drug in solution 
and to the conditions of the experiment. Thus: 


c = kCo (Eq. 3) 


and Eq. 2 can be written as: 


DkCo kCd 
6 q = -  


I t - -  (Eq. 4) 


The experimental results were plotted as 9 oersus 1. Upon reaching 
the steady state, the slope, dq/dt, is given by DkColl. Substitution 
into Eq. 1 yields: 


(Eq. 5) 


where A is the area of membrane in contact with the drug solution 
and dq/dt is the rate of drug transfer. 
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Table III-ERect of Charcoal on the Permeability Coefficient 


Apparent 
Permeability 
Coefficientb, 


Charcoal p a  9 Permeability 
Concentrationo, (ern.' set.-') Coefficient", P ,  


g. I.-' x 108 (cm.2 =.-I) X l@ 


1.0 


1 . 8  
4.5 
6 . 8  


16.7 


- 
5.56 - 
6.34 
4.09 6.95 
1.57 8.14 


7.58 0.68 
0.00 


- 


- 
Mean 7.55 -f 0.59 


a The solution pH was 5.  b Calculated from the ori inal concentration 
of amobarbital before mixing with charcoal. c Calcufated from the con- 
centration of amobarbital measured spectroscopically in the superna- 
tant liquid after mixing with charcoal. 


Dependence of Permeability on pH-The permeability coefficient 
of amobarbital going from an acetate bufler at pH 5.00 f 0.02 
was found to be 7.70 X l(r8 cm.* =.-I ,  with a standard deviation 
of f0 .34  cm.* sec.-l based on 10 determinations. The rate of drug 
transfer across the membrane is pH dependent because only the 
nonionized form is soluble in the membrane and hence eligible for 
transfer. The concentration of nonionized drug in solution, CO, is 
given by : 


Co = C ( l  + exp [2.303 (pH - pKa)]]-l (Eq. 6) 


where C is the total concentration of drug substance, pH is the pH 
of the drug solution, and K. is the ionization constant of the drug. 
Taking pKa = 7.865 for amobarbital (22), only 0.1 of the drug 
is ionized at a pH of 5 .  Permeability coefficients obtained from 
measurements at pH values in the range where Co changes rapidly 
with pH are given in Table I. The apparent permeability coefficient, 
P., is calculated from Eq. 5 using C, the total concentration of amo- 
barbital present in the system, and reflects the effect of pH on drug 
transfer. The coefficient P, calculated from the actual concentration 
of unionized drug, is obtained from Eq. 5 .  The permeability co- 
efficient P is (7.51 =k 0.33) X It8 cm.l x ~ . - '  and does not vary sig- 
nificantly over the pH range examined. This constancy indicates 
the only effect of pH on permeability is the effect on concentration 
of unionized drug. 
Ef€& of Excipients and Charcoal-The effect of a number of 


substances, commonly present as excipients in Canadian formula- 
tions of amobarbital, on the permeability coefficient was measured. 
The results (Table 11) show these substances to have no significant 
effect on the permeability coefficient. 


The consequence of addng activated charcoal to a drug solution 


Table IV-Effect of Some Nutrients on the 
Permeability Coefficient 


Perme- 
ability 
CO- 


efficient", 
p ,  


(cm.l 
Concentra- sec.-l) 


Additive PH tion, g. I.-' X IW 


Bovine albumin 5 . 0 0  2.0 7.69 
5.00 19.6 7.22 
7.51b 4.5 7.02 


Skim milk 


7.51b 10.7 7.32 
7 .  51b 15.7 6.20 
7.44b 31 .O  6.80 
5.00 38.7 6.34 
5.00 85.6 5 . 5 0  
7.3ob 43.0 7.07 
7.156 80. 6.58 
7.0Ib 127 5.45 


0 Calculated from CO, the concentration of unionized drug. b Measured 
pH after dissolving drug and additive in phosphate buffer at p.H 7.40. 
c This is the approximate concentration of reconstituted skim milk. 


Table V--Effect of Sodium Lauryl Sulfate on 
Amobarbital Permeation" 


Apparent 
Permeability 
Coefficient, Total Q Weight of p a  I Drug, Q, ~ 


Surfactant, (cm.3 six.-') (moles) C,Ww' W,,,/W., 
w m ,  &/I. x IW x 103 (1 g.-1) x 103 x 10' 


24.39 1.36 2.433 5 . 8 1  25.1 
18.52 1.67 2.821 4.72 18.9 
6.17 3.21 2.612 2.42 6.22 
0.81 6.65 2.559 1.16 0.81 
0.81 6.73 2.559 1.16 0.81 


~~~ ~ 


0 Drug-surfactant solution at pH 5. 


is shown in Table 111. This material presumably adsorbs drug, 
thereby reducing the solvent concentration and hence the coefficien t 
of permeability calculated on the basis of the original drug concentra- 
tion (23). If the actual concentration of drug is used to  calculate the 
coefficient, it should be, within experimental error, the same as that 
calculated for drug with no additive, namely (7.70 f 0.34) X lo-' 
cm.2 se~.-'. This is the case with P = (7.55 f 0.59) X 10-8 cm.2 
sec.-l in the presence of charcoal. There is a good correlation ( r *  = 
0.92) between the weight and, hence, surface area of the activated 
charcoal and the apparent permeability coefficient. The result sug- 
gests that administration of activated charcoal might be of value 
in the early stages of amobarbital poisoning. 


Effect of Nutrients-The effect of bovine albumin and skim milk 
on the permeation of amobarbital is reported in Table IV. There 
appears to be little. if any, interaction between arnobarbital and 
bovine albumin, at least under the conditions of these experiments. 
There is a clear interaction with skim milk. but if the interaction 
occurs to the same extent i l l  cico, it is not of such magnitude as to 
have much effect on the absorption of the drug by the body. An 
attempt was made to study the effect of caffeine on the permeation 
coefficient, but the membrane was found to be permeable to caffeine. 
The latter absorbs at 240.5 nm., interfering with the amobarbital 
analysis. The permeation coefficient of caffeine is (2.8 3~ 0.5) X 
1 0 - 0  cm.l =.-I. 


Surfactant EWeck-Drug in an aqueous system containing 
surfactant micelles is expected to  partition between the aqueous 
phase and the micellar, oil, phase. The total quantity of drug in the 
system, Q, is given by: 


Q = C m Y m  + C w Y w  (Eq. 7) 
where C, and C, are the concentrations in the micellar and water 
phases, respectively. and V, and Y, are the corresponding volumes. 
Substituting weight for volume in Eq. 7 and rearranging yield: 


where p m  and p w  are the densities of the micellar and water phases, 
respectively, and K p  is the partition coefficient of drug between the 
micellar and aqueous phases: K p  = C,,,/Cw. Equation 8 can be 
plotted as a straight line with slope Kp/p,,, and intercept l / p w .  In Eq. 
8 ,  Q and Wm are known directly from the concentrations of drug 


Table W-Effect of Cetrimonium Chloride on 
Amobarbital Permeationa 


Weight of 
Surfactant, 
w m ,  &/I. 


19.09 
14.35 
9.09 
4.02 
1.24 
0.45 


Apparent 
Permeability 
Coefficient. 


p., 
(cm.* se~.-~) 


x 108 


1.06 
1.33 
1.84 
4.02 
5 . 5 8  
7.12 


Total 


2.865 7.51 19.52 
2.907 5.89 14.60 
2.670 4.25 9.20 
2.893 2.56 4.05 
2.608 1 . 4 0  1.24 
2.012 1.08  0.45 


a Drug-surfactant solution at pH 5.  
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TaMe M-ERect of Polysorbate 80 on Amobarbital 
Permeation” 


Table IX-Surfactant Slopes, Intercepts, and Partition Coefficients 
Calculated from m. 8 


Apparent 
Permeability 
Coefficient. Total 


Weight of p a  9 ’ Drug, 0, Q 
Surfactant, (cm.* set.-') (moles) Cww.’ wm/ww, 
w,, g.11. x lcp x 10’ (1 g.-1) x 10’ x 10’ 


80.6 1.62 2.907 5.20 88.0 
10.2 1.68 3.089 5.29 75.7 
60.0 i . a 3  3.554 4.46 64.0 
42.3 2.46 2.900 3.28 44.3 
37.5 2.38 2.617 3.38 39.1 
28.1 2.73 2.900 2.91 29.0 
14.5 4.09 2.338 1.91 14.7 
3.06 6.24 2.898 1.24 3.07 


4 Drug-surfactant solution at pH 5.0. 


and surfactant in the solution and W, is obtained by taking the 
density of the surfactant to be unity and the change in volume on 
mixing with water to be zero. This approximation introduces an 
error of less than 1 Z for the surfactants and concentrations used in 
this study. The concentration of drug in the aqueous phase, C,, was 
calculated from the known permeation coefficient (7.70 X l(r8 
cm.2 sec.-l) and the measured apparent permeation coefficient, Po. 
This assumes that the membrane was unaffected by surfactant and 
that the only effect of the latter was to remove drug from aqueous 
solution by incorporation into micelles. For sodium cholate studied 
in the region of pH 7.5, the aqueous phase concentration of non- 
ionized drug was calculated from Po, which was used to calculate 
the total aqueous concentration, C,, from Eq. 6. Results for the 
four surfactants studied are presented in Tables V-VIII. The data 
for each surfactant were analyzed according to Eq. 8. The slope, 
intercept, and K p  obtained in each case are given in Table IX, along 
with the coefficient of correlation r. 


The experimental results are adequately described by a. 8 and 
are consistent with the concept that partitioning of amobarbital be- 
tween the aqueous and micellar phases takes place. Equation 8 is 
valid only above the CMC, which is about 2.5, 0.4, and 0.1 g. I.-’ 
for sodium lauryl sulfate (24), cetrimonium chloride (24), and poly- 
sorbate 80 (25), respectively. Below the CMC, the surfactant has 
little effect on the permeation rate. This presumably means that 
there is little if any complexing at a pH of 5 between amobarbital 
and the surfactants studied. The results also indicate that there is 
little interaction between the surfactant and the membrane. Gen- 
erally the type of interaction that could occur would be inbibing of 
the low molecular weight surfactant by the membrane. The swelling 
of synthetic elastomers by organic molecules is well known and may 
lead to substantial increases in the rate at which permeant molecules 
traverse the membrane (10, 21). The extent of imbibation depends 
upon the solubility of the low molecular weight species in the mem- 
brane, solubility usually being greatest for materials of similar 
chemical structure. The structures of the surfactants examined here 
and that of polydimethylsiloxane are quite different and little swell- 
ing would be anticipated, as is borne out by the results. The structure 
of animal membranes is closer to that of typical surfactants. Per- 
haps it is the dissolution of the surfactant in these membranes that 


TaMe VIII-ERect of Sodium Cholate on 
Amobarbital Permeationa 


Apparent 
Permeability Q Weight Coefficient, Total __ 


Surfactant, (cm.2 =.-I) (moles) ( 1  g.-9 wm/ww, 
w m ,  e./L x 108 x 10s x 102 x 10’ 


of p a  9 Drug, Q, CwWw’ 


74.8 2.41 3.222 3.109 81.1 
39.8 3.77 2.779 I .957 41.6 
21.1 5.27 2.733 1.392 21.6 
11.8 6.15 2.479 1.185 12.0 
4 .7  6.75 3.040 1.077 4.7 


~~~~ ~ ., Drug-surfactant solution at pH - 7.5. 


plW-1, CO- 
K ~ m - ’ t  ( 1  B.-’) efficient, 


Surfactant 1 g.-1 x 10’ r1 K 


Sodium lauryl 0.191 1.07 0.99 191 


Cetrimonium 0.334 1.05 0.99 334 


Polysorbate 80 0.049 1.27 0.97 49 
Sodium cholate 0.029 0.76 0.99 29 


sulfate 


chloride 


Table X-mect of Sodium Lauryl Sulfate on Transfer of 
Amobarbital across Rat Intestine 


Concentration of 
Sodium Lauryl Sulfate, 


g. I.-’ R” 
0.00 1.17 f 0.09 
0 .01  1.15 f 0 .22  
0.30 1.29 f 0.22 


10 0.49 f 0.07 
20 0.36 f 0.06 
40 0.34 f 0.04 
80 0.19 f 0.05 


0 R is the ratio of the average drug transfer rate without surfactant 
to the average transfer rate in the presence of surfactant. 


leads to enhanced in Gioo absorption of certain drugs as, for ex- 
ample, absorption of secobarbital by goldfish (2526). 


Results obtained for the transfer of amobarbital across the rat 
intestine are given in Table X. The quantity, R, is the ratio of trans- 
fer rate in the presence, and the absence, of surfactant in the same 
segment of gut, following the crossover procedure described by 
Reuning and Levy (6). Results from two or more segments were 
averaged to obtain 12. At surfactant concentrations greater than the 
CMC, the transfer rate clearly decreases as the surfactant increases. 
Results below the CMC are insufficiently precise to permit one to 
say whether there is a surfactant effect or not. 


The partition coefficients, Kp, in Table IX indicate that amobar- 
bital is most soluble in sodium lauryl sulfate and cetrimonium 
chloride. Both of these compounds have alkyl chains which might be 
expected to be highly compatible with the nonpolar side chains of 
amobarbital. There is also a good possibility of reaction between 
cetrimonium ion and barbiturate ion leading to a decrease in con- 
centration of nonionized drug available for transfei . Polysorbate 
80 contains repeating polar groups, while cholic acid has a dense 
ring structure of perhaps limited compatibility with amobarbital. 


Amobarbital Formulations-The permeability of amobarbital 
in 14 Canadian formulations was measured. Each dosage form was 
stirred in phosphate buffer at 37“ for about 2 hr., and the pH and 
concentration of the solution were measured before measuring the 
permeation rate. For all formulations the average coefficient of 
permeability was (6.87 =k 0.26) X 10-8 cm.* with a range of 
6.50 to 7.29 X 10-8 cm.’ sec.-l. Thus, from the point of view of in 
cirro permeability, all formulations are equivalent. 
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Distribution of Dibenzoxazepines Bearing the Carboxamide or 
Other Side Chains in Ocular and Other Tissues of Dogs 


JACQUES DREYFUSS’, JAMES M. SHAW, JOHN J. ROSS, Jr., GENG ME1 WANG, 
KEITH K. WONG, and ERIC C. SCHREIBER 


Abstract IJ The distribution of four substituted dibenzoxazepines 
in tissues of dogs was examined 7-14 days after oral administration 
to intact dogs and 7 hr. after intravenous administration to dogs 
with externalized bile ducts. 4-[3-(7-Chloro-5,1 I-dihydrodibenz- 
[b,c][ 1,4]oxazepin-5-yl)propyl]- 1 -piperafine ethanol hydrochloride, 
its trifluoromethyl analog, and 5~(2-dimethylamino)ethy1]-5,11- 
dihydrodiben@,e][ I ,410xazepine maleate were present in organs 
in greater concentrations than in blood, particularly in the brain, 
liver, lungs, and melanin-containing portion of the eye consisting 
of the combined retina, choroid, and sclera. These same compounds 
were bound to various extents to melanin granules of beef eyeball 
in cirro. FChloro-5, I I-dihydrodibenz[b,e][ I ,4]oxazepine-5-carbox- 
amide, which bears a carboxamide substituent, was neither localized 
in any tissues of dogs, relative to concentrations in blood, nor 
bound to melanin granules in airro. It is concluded that the presence 
of the carboxamide side chain alters the affinity of 7chloro-5,ll- 
dihydrodibeni$b,~~][l,4]oxazepine-5-carboxamide for tissues, es- 
pecially those containing melanin. 


Keyphrases 0 Dibenzoxazepines, carboxamide and other side 
chains-tissue distribution, affinity for melanin, dogs 0 Carbox- 
amide-substituted dibenzoxazepines-tissue distribution in dogs, 
affinity for melanin 0 Tissue distribution-dibenzoxazepines, 
melanin affinity, dogs 0 Melanin tissue distribution-dibenzox- 
azepines, dogs 0 Ocular tissue distribution-dibenzoxazepines, 
dogs 


It is generally accepted that substituted pheno- 
thiazines can adversely affect the eye and skin when 
large amounts are ingested chronically (1-3). Some com- 
pounds, like chlorpromazine, produce primarily opaci- 
ties of the lens and cornea, whereas others, like thiorida- 
zine, can produce a loss of vision by their effect on the 


retina. Because of these past findings, studies were con- 
ducted with some substituted dibenzoxazepines that 
have exhibited CNS activity in animals (4, 5) .  The re- 
sults of these studies show that the presence of a carbox- 
amide side chain alters the localization of the compound 
and/or its metabolites in the tissues of dogs, including 
the melanin-containing portion of the eye, as well as 
the binding of the parent molecules to melanin granules 
of beef eyeball in uitro. 


METHODS AND MATERIALS 


Purity and Specific Activity of Compounds-The radioactive 
compounds studied had the following chemical names, radio- 
chemical purities, and specific activities, respectively: I, 4-[3-(7- 
chloro-5,ll -dihydrodibenz[b,e][1,4]oxazepin-5-yl)propyl]- 1 -piper- 
a~ine-~~G-ethanol hydrochloride, 9 6 x ,  21.6 pc./mg.; 11, 4-[347- 
(trifluoromethyl) - 5,l I - dihydrodiben~b,e][1,4]oxazepin - 5 - y1)pro- 
pyI]-l-piperazine-W2-ethanol hydrochloride. 99 %, 24.9 pc./ 
mg. ; I1 I, 5-[( 2-dimethy1amino)ethyl- 1,2- 1 ‘C-2 ]-5,1 I -di hy drodibenz- 
[b,e~l,4]oxazepine maleate, 99%, 6.9 pc./mg.; and I V ,  7chloro- 
5,l I-dihydrodiber4b,e][ I ,4]0xazepine-5-~’C-carboxamide, 99 x, 5.0 
ccc./mg. 


Surgical Preparation of Dogs-Purebred male beagles were 
anesthetized with 30 mg./kg. of sodium pentobarbital administered 
intravenously. A catheter was inserted into the bladder for the 
collection of urine. The radial vein was then cannulated, and in- 
fusion of the following solution was begun at the rate of 3 ml./min.: 
mannitol (100 g.), potassium dihydrogen phosphate (200 mg.), 
potassium hydrogen phosphate (900 mg.), sodium pentobarbital 
(25.5 mg./kg. of body weight), and sufficient water to  make 2 1. 
Mannitol was included to ensure an adequate flow of urine. A 
midline incision was made, and the entrance to the gallbladder was 
clamped at its juncture with the common bile duct. A polyethylene 
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Partial Characterization of Antitumor Tannin Isolated from 
Calycogonium squamulosum (Melastomataceae) 


W. D. LOUB*, H. H. S. FONG, M. THEINERt, and N. R. FARNSWORTH' 


Abstract 0 The active antitumor tannin from Calycogonium 
squumulosum was isolated and determined to be a tri-0-galloyl-D- 
glucose. 


Key phrases 0 Tannins, antitumor-isolated from Culycogonium 
squumulosum, identified as a tri-0-galloyl-D-glucose 0 Culyco- 
gonium squumulosum-isolation of antitumor tannin, partial 
characterization as a tri-0-galloyl-D-glucose 0 Tri-0-galloyl-D- 
glucose-isolated from Culycogottium squumulosum, determined to 
be the antitumor agent 0 Antitumor tannins-isolated from Cufy- 
cogonium squamulosum, characterized as a tri-0-galloyl-D-glucose 


Previously it was reported that the antitumor ac- 
tivity elicited by extracts of Calycogonium squamulosum 
against the Walker 256 (IM) carcinosarcoma could be 
attributed to the tannin present in the plant (1). Hart- 
well and Abbott (2) pointed out that, in their experience, 
all antitumor tannins have been shown either to be 
highly toxic or to possess a low therapeutic index. 
Thus, for the most part, work on tannin antitumor 
agents has not progressed in the programs sponsored 
by the Drug Research and Development Branch of the 
National Cancer Institute. 


To understand better the mechanism of tannin anti- 
tumor activity and the toxicity of this class of com- 
pounds, the structures of the active entities should be 
elaborated. To date, the only antitumor tannin studied 
from a structure point-of-view has been that derived 
from Rumex hymenosepalus, which was shown to  be a 
polymeric leucoanthocyanidin (3). 


The purpose of the present investigation was to 
characterize the antitumor tannin isolated from C.  
squam ulosum. 


EXPERIMENTAL 


Plant Material-The aerial parts of C. squamulosum (Melasto- 
mataceae) were used in this study'. 


Isolation of Tannin-A sample of milled plant material was frac- 
tionated as previously reported (l), and the tannin Gas isolated 
according to the method of Wall et uf. (4). 


Antitumor Activity of Tannin-A sample of the isolated tannin 
gave a T/C of 32% at 100 mg./kg. against the Walker 256 (IM) 
carcinosarconia using established protocols (5 ) .  A T/C of 4 4 2 %  is 
considered active in this system. 


Hydrolysis of Tannin Fraction-A sample (250 mg.) of the tannin 
was dissolved in 25 ml. of aqueous sulfuric acid (5% v/v), forming 
a clear, amber solution, which was heated under reflux for 18 hr. 
After cooling to room temperature, the mixture was filtered to yield 
a clear, light-yellow solution. This solution showed the properties 
of a hydrolyzable tannin, since phlobaphenes, which form under 


The acidic hydrolysate was made neutral to litmus paper with am- 
monium hydroxide and diluted to 200 ml. with 95% ethanol to 
precipitate the ammonium sulfate formed during the neutralization 
procedure. The precipitate was removed by filtration and washed 
with hot ethanol, and the filtrate was heated in uacuo at 50" to re- 
move the ethanol. The residue was then frozen and lyophilized. 


TLC of Tannin Fraction-Samples of unhydrolyzed tannin, hy- 
drolyzed tannin, gallic acid, pyrogallol, and ferulic acid were sub- 
jected to TLC analysis on replicate silica gel G plates, using a sol- 
vent mixture of chloroform-ethyl acetate-formic acid (5:4:1) for 
phenols and n-butanol-acetic acid-water (4:l:l) for sugars. The 
chromatograms were sprayed with 1 FeCl, in methanol to reveal 
the phenolic components and with p-anisidine to reveal the sugars. 


GLC of Hydrolyzed Tannin-A sample (23.6 mg.) of the tannin 
was hydrolyzed as previously described and the hydrolysate was 
dissolved in 3.0 ml. of anhydrous, freshly distilled pyridine, fol- 
lowed by the addition of 0.60 ml. of hexamethyldisilazane and 0.30 
ml. of trimethylchlorosilane. The mixture was shaken for 30 sec., 
followed by centrifugation. The supernate was taken for analysis. 
A l.O-#I. (2.94 mcg. of hydrolyzed tannin) sample of the super- 
nate was injected into the gas chromatographs, which was equipped 
with a U-shaped glass column, 0.64 cm. 0.d. X 1.83 m. (0.25 in. 
0.d. X 6 ft.), containing 3 %  SE-30 on Chromosorb W (80-100 
mesh) as the stationary phase. The injection port was maintained 
at 250", and the column temperature was programmed to hold at 
85" for 5 min. after injection of the sample and then to give a linear 
rise in temperature of lO"/min. up to 260". Nitrogen was used as 
the mobile phase at a flow rate of 60 ml./min. (25 p s i ) ,  and the 
effluent gases were monitored by a hydrogen flame-ionization de- 
tector operating at  200". 


In addition to the tannin hydrolysate, standard solutions of gallic 
acid and glucose were similarly prepared for GLC determination. 


DISCUSSION 


Hydrolysis of the antitumor tannin from C. squumulosum, fol- 
lowed by TLC examination. revealed the presence of gallic acid and 
glucose. Subsequent GLC examination of the hydrolysate, in com- 
parison with standard solutions of gallic acid and glucose, revealed 
that a ratio of 3 moles of gallic acid was present for each mole of 
D-glucose. This suggests a partial characterization of the tannin 
present in C. squamulosum to be a tri-0-galloyl-D-glucose. The com- 
plete structure of this tannin will be the subject of a future investi- 
gation. 
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Synthesis of Site-Directed Chelating Agents I: 
Pteridine Carboxaldehyde Thiosemicarbazones 


HOWARD I. HOCHMAN. KRISHNA C. AGRAWAL, CHARLES W. SHANSKY. and 
ALAN C. SAKTORELLI. 


Abstract 0 Several 6-formylpteridine thiosemicarbazones and semi- 
carbazones were synthesized as potential inhibitors of the enzyme 
dihydrofolate reductase. The most active derivative in this series 
was 2,4-diaminopteridine-6-carboxaldehyde semicarbazone, which 
caused 50% inhibition of dihydrofolate reductase of human liver at 
a concentration of 1.4 X 


Key phrases 0 Pteridine carboxaldehyde thiosemicarbazones-syn- 
thesized and tested as site-directed chelating agents of dihydrofolate 
reductase 6-Formylpteridine thiosemicarbazones and semicarba- 
zones-synthesked and tested as site-directed chelating agents of 
dihydrofolate reductase 0 Dihydrofolate reductase-synthesis and 
testing of pteridine carboxaldehyde thiosemicarbazones as potential 
inhibitors 


M. 


Thiosemicarbazones of heterocyclic carboxalde- 
hydes with the formyl group alpha to a heteroaromatic 
ring nitrogen have been shown to possess both anti- 
neoplastic and antiviral activities (1-5) ; several differ- 
ent heteroaromatic ring systems are active carcino- 
static agents with such potency correlating with the 
inhibition of the synthesis of DNA (68). The site of 
the metabolic lesion on the DNA biosynthetic path- 
ways, as elucidated with 1 -formylisoquinoline thiosemi- 
carbazone and 2-formylpyridine thiosemicarbazone, 
two members of the most potent heterocyclic ring sys- 
tems, is at the level of the conversion of ribonucleo- 
tides to deoxyribonucleotides (9-1 1). A study of the 
mechanism of action of 1-formylisoquinoline thiosemi- 
carbazone and 2-formylpyridine thiosemicarbazone in- 
dicated that they inhibit the enzyme ribonucleoside di- 
phosphate reductase either by binding to the target 
enzyme through chelation of iron in a metal-containing 
form of the enzyme or by initially forming an iron 
chelate of the inhibitors which interacts with the'enzyme 


In an effort to orient the chelating potential of the 
formyl thiosemicarbazone side chain positioned alpha 
to a heteroaromatic ring nitrogen atom to a vulnerable 


(9, 11). 


enzymatic site of neoplastic cells other than ribonucleo- 
side diphosphate reductase, several pteridine thiosemi- 
carbazones were synthesized. The pteridine nucleus 
was selected to direct the formyl thiosemicarbazone 
portion of the molecule to  the enzyme dihydrofolate 
reductase. Although dihydrofolate reductase has not 
been shown to be a metal-containing enzyme, Hakala 
and Suolinna (12) showed that the enzyme from neo- 
plastic cells is inactivated by the metal-chelating agents 
o-phenanthroline and ethylenediaminetetraacetate. 


EXPERIMENTAL 


Enzymatic Studies-Dihydrofolate reductase was prepared to 
homogeneity from human liver'. Enzymatic activity was assayed 
spectrophotometrically by measuring the decrease in absorbance at 
340 nm. which results from the conversion of NADPH and dihy- 
drofolate to NADP+ and tetrahydrofolate (1 3). 
2,4-Diamino-6-fonnylpteridine Semicarbazone-2,4-Diaminopter- 


idine-&carboxaldehyde (0.19 g.) was dissolved in 50 ml. of water con- 
taining 1 ml. of concentrated hydrochloric acid. Semicarbazide 
(0.1 g.) was dissolved separately in 10 ml. of water, and the two 
solutions were mixed and warmed for 15 min. Sodium acetate (1 8.) 
was added and the mixture was stirred. The resulting compound was 
filtered, washed with hot water and ethanol, and dried. The com- 
pound did not melt but slowly decomposed above 300". 
For analytical purposes, the compound was isolated as its hydro- 


chloride salt. 
Anal.-Calc. for C&NUO.HCl: C, 33.86; H, 3.17; N, 44.44. 


Found: C. 33.36; H, 3.12; N, 43.95. 
ThiosemicarbamneThe thiosemicarbazone derivative of 2,4-di- 


aminopteridine-Ccarboxaldehyde was synthesized as described 
above except that thiosemicarbazide repIaced semicarbazide and was 
analyzed as its hydrochloride. The compound did not melt but 
slowly decomposed above 300". 


Anal.-Calc. for CsHgNuS.HCl: C, 32.05; H, 3.34; N, 42.07; S, 
10.68. Found: C, 31.65; H, 3.30; N,41.35; S ,  10.49. 


2-AminoQhydroxy-6-formylpteridIne Semicarbazone-2-Amino- 
4-hydroxypteridine-Gcarboxaldehyde (0.19 g.) was dissolved in 5 ml. 
of water by the addition of the minimum amount of 1 N sodium 


~ 


'Performed by Dr. David R. Makulu and Dr. Joseph R.  Bertino, 
who donated the enzyme for these studies. 
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the portal vein of the rat. However, the portal vein 
infusion using the pyloric vein cannulation overcomes 
several disadvantages inherent in the use of direct cannu- 
lation into the portal vein, since the latter surgery is 
delicate, requiring speed and accuracy to prevent ex- 
cessive engorgement of the intestinal veins and acute 
loss of blood in the liver. The pyloric vein was selected 
because of its accessibility and a suitable branch of the 
hepatic portal vein to facilitate cannulation. The method 
for portal vein infusion in this communication is simple 
and practical as compared with that in the dog. This 
procedure in the rat has proven useful in drug absorp- 
tion and metabolism studies. Details of these studies 
will be reported elsewhere. 
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REVIEWS 


Amino-Adds, Peptides, and Proteins. A Specialist Periodical Report. 
Volume 3. G. T. YOUNG, Senior Reporter. The Chemical Society, 
London, WIV OBN, England, 1971. xiv + 379 pp, 14.5 X 22 
cm. Price S6.00. 
This third volume continues the annual review of the literature in 


the field of amino acids, peptides, and proteins, covering about 2300 
papers published mostly in 1970. Under the editorship of G. T. 
Young from Oxford (who is called “senior reporter” in the Chemical 
Society’s terminology), a group of 15 “reporters” summarize the 
developments during 1970 in 5 chapters, giving brief abstracts of the 
papers or mere one line notations, depending on the significance 
ascribed to the publication. Chapter 1 by B. W. Bycroft covers amino 
acids (30 pages) in a rather readable fashion. Chapter 2, “Structural 
Investigation of Peptides and Proteins,” takes up most of the space 
(188 pages). It involves a number of contributors and includes ex- 
tensive coverage of the work on sequencing and X-ray crystallog- 
raphy of proteins. Chapter 3, “Peptide Synthesis” (57 pages), by 
J. H. Jones opens with some statistics to document the reporter’s 
contention that essentially all the important news on this topic can 
be covered by monitoring 25 primary journals. The last two chapters 
discuss “Peptides with Structural Features not Typical of Proteins” 
(47 pages) and “Metal Derivatives of Amino-acids, Peptides, and 
Protein” (36 pages), the latter covering the two-year period of 1969- 
1970. 


The volume is in keeping with the high standards which one has 
come to expect of the “Specialist Periodical Reports.” The re- 
viewer is not expert enough to judge whether the coverage is com- 
plete but at least did not notice any major omissions. As is almost 
unavoidable in a compilation of a huge amount of material like this, 
occasional errors do creep in, although the number seems to be 
quite small. One picky little example (as the customary documenta- 
tion that the reviewer has read the book): A table on page 13 lists 
among a-amino acids which have been synthesized for the first time, 
Sfluorotryptophan with a 1969 reference, a compound which this 


reviewer has bought as a catalog item from a commercial supplier as 
far back as 1963. This leads me to what I consider the main short- 
coming of this type of publication. The information in the litetature 
is strictly “reported” including many of the claims of the original 
authors, leaving -tially all the evaluation of the work to the 
reader. Since many claims take on a stronger flair of truth if they 
are repeated by third parties, this means that unless the reader goes 
back to the original literature, he may be left with some conclusions 
which are not as soundly based as he may think. While this referee 
would prefer a more critical review of the literature, the cbntributors 
usually stick to their assigned role as impartial reporters, with a few 
notable exceptions (e.g., Jones on pages 247 and 248). 


This difference in taste notwithstanding, the reviewer feels that 
this volume belongs on the bookshelf of every chemist and medicinal 
chemist who has anything to do with amino acids or their polymers 
since it is one of the mast comprehensive sources of ihformation in 
this field. 


Reoiewed by H. G. Floss 
Purdue University 
hfayette,  IN 47907 H 


Food Chemicals Codex, Second Edition. Prepared by the Committee 
on Specifications, Food Chemicals Codex, of the Committee 
on Food Protection, National Research Council, National 
Academy of Sciences, 2101 Constitution Ave., N.W., Washing- 
ton, DC 20418,1972.1039 pp. 15 X 23 cm. Price S20.00. 
This edition, slightly larger than the first, contains 639 mono- 


graphs. Monographs are provided for chemicals added directly 
to food to perform some desired function as well as substances 
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Open-Chain Analogs of Muscarine Derivatives 


JOSEPH G. CANNON*., PATRICK J. MULLIGAN*, JOHN PAUL LONGt, and 
SHARON HEINTZt 


Abstract 0 A short series of choline ethers containing a free or 
esterifid OH group was prepared as openchain analogs of des- 
methylmuscarine stereoisomers. The acetate ester of one alcohol 
showed some degree of rnuscarinic activity. Contrary to  the im- 
plication of an old literature report, 2-(dimethylaminoethoxy)- 
ethanol methiodide exhibited a low order of muscarinic activity. 


Keyphrases 0 Choline ethers-prepared as openchain analogs of 
desmethylmuscarine stereoisomers, evaluated for muscarink 
activity 0 Muscarine derivatives-synthesis and evaluation of 
openchain desmethylmuscarine stereoisomer analogs 0 Des- 
methylmuscarine stereoisomer analogs-synthesis of choline ether 
series, muscarinic activity evaluated 


In the course of other work, dimethylaminoethoxy- 
ethanol (I) was required. The quaternary salt (11) of this 
compound closely resembles an open-chain analog of 
desmethylmuscarine or desmethylepimuscarine (111), 
which was reported (1) to possess some weak muscarinic 
properties. 


Callsen (2) described the therapeutic effect of I1 as 
being similar to that of arecoline, and he suggested 
possible use as a laxative by subcutaneous injection. The 
age and questionable validity of this report suggested 
the evaluation of I1 for muscarinic effect. The acetate 
(IV) and carbamate (V) esters were prepared, on the ba- 
sis that the acetate ester of muscarine is markedly 
muscarinic (1). 


Compound I has been prepared from dimethylamine 
in 75 % yield by treatment with 2-chloroethoxyethano1 
(3) and in poor yield by treatment with ethylene oxide 
(4). In the present work, the most convenient method 
utilized a reaction between dimethylaminoethanol and 
ethylene oxide in the presence of base. A reaction of 
dimethylamino-2-propanol with propylene oxide gave a 
poor yield of VI. The quaternary derivative (VII) was 
prepared as an open-chain analog of a muscarine-like 
system. 


IR and NMR data on all of the compounds prepared 
were consistent with the structures proposed. 


PHARMACOLOGY 


The compounds were evaluated for muscarinic effect in a super- 
fused guinea pig ileum preparation (5 ) .  Muscarinic activity relative 
to acetylcholine (Table I) was estimated using the method of Litch- 
field and Wilcoxon (6). At least three different animals were used for 


Table I-Relative Muscarinic Activity 


Relative Potency 
Compound (95% cr) 


Acetylcholine 
11 
IV 
V 


VII 


1 .o 
0.003 (0.0007-0.02) 


0.0003 ( 0 . ~ 7 ~ . 0 1 8 )  
0.004 (0.06-0.01 3) 


<o. m 1  


(CHJ2N-Cq-C&--0-CH,-Cq- OH 


I 


11: R = H 
IV R = C&COO 
V: R = KNCO 


111 


assaying each compound. Muscarinic effects were blocked by atro- 
pine (0.2 mcg./ml.) but not by hexamethonium (20 mcg./ml.). The 
entire series revealed no properties of pharmacological interest; the 
claim of the older report (2) that 11 mimics acetylcholine or arecoline 
with respect to action on smooth muscle tissue was verified, but 
activity relative to acetylcholine was very low. 


EXPERIMENTAL' 


z(Dimethyleminathory)etaarol -Ethylene oxide (132 g., 3 
moles) and sodium methoxide (5 g.) in 1.5 1. of methanol were 
added slowly to 222.5 g. (2.5 moles) of dimethylaminoethanol in 
2 1. of methanol, and the resulting mixture was refluxed for 10 hr. 
The methanol was removed under reduced pressure, and the liquid 
residue was distilled at 95" (8 mm.) to afford 120 g. (36x)  of product 
[lit. (4) b.p. 78-79" (3.5 mm. Hg)]. 


2-(Mmethylnminoethoxy)e2hawl Methlodide O - c o m p o u n d  I 
(13.3 g., 0.1 mole) was stirred with a 2 M excess of methyl iodide in 
100 ml. of ether at room temperature for 24 hr. The solid which 
separated was recrystallized from n-butanol and then from acetone 
toyield24g.(87~~ofcrystals,m.p.l1b117"[lit.(2)m.p.116-117"]. 
2-(Dimethylaminoetboxy)ethyl Acetate MethIodide O - C o m -  


pound 11 (2.5 g., 0.0088 mole) was stirred in 25 ml. of acetic an- 
hydride for 10 days at room temperature. The resulting solution was 
poured into an excess of ether, and the solid which separated was 
collected and recrystallized from acetone to yield 2.0 g. (72%), m.p. 


Anul.-Calc. for CoH*oINOa: C, 34.07; H.6.30; I, 40.00; N, 4.40. 
Found:C, 34.16; H.6.30; 1,39.80; N, 4.50. 
2-(Dimethylllminoet!~1xy)ethyl Carbamnte Methiodlde 


fluoroacetic acid (4.56 g., 0.04 mole) was added dropwise with 
stirring to 5.5 g. (0.02 mole) of I1 and 3.08 g. (0.04 mole) of sodium 
cyanate in 100 rnl. of methylene chloride. The resulting mixture was 
stirred at room temperature until solution occurred and then was 
stirred overnight. The crystals which separated were recrystallized 
from n-butanol-ther to yield 2.5 g. (3973 of needles, m.p. 158- 
160". 


Annl.-Calc. for CJ-IloIN~O1: C, 30.17; H, 5.90; 1, 39.90; N, 
8.80. Found: C, 29.%; H, 5.99; I, 40.10; N, 8.70. 


123-1 25 '. 


( C&)2N-CH,CH-O-CH.$H-OH 
I I 


VI VII 


* Boiling points are uncorrected. Melting points were determined in 
open glass capillaries using a Thomas-Hoover Uni-Melt apparatus and 
are corrected. Elemental analyses were performed by Galbraith Labora- 
tories, Knoxville, Tenn. 
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l-DimsLhylsndao-2-(Uydroxy-l-propyloxy)propane 0 - 1 -  
Dimethylamino-2-propanol(lO3 g., 1 mole) and 65 g. (1.1 mole) of 
propylene oxide were refluxed in 800 ml. of methanol for 18 hr. 
Methanol was evaporated under reduced pressure and the residue 
was fractionated. The fraction with a boiling point of 65' (0.2 mm. 
Hg) was the desired product; the yield was 24 g. (15%). 


And-Calc. for CtH,BNOt: C, 59.63; H, 11.79. Found: C, 59.86; 
H, 11.89. 


(MI)-Compound VI (1 g., 0.006 mole) and 3 g. (0.021 mole) of 
methyl iodide in 25 ml. of ether containing a few drops of methanol 
were kept at 0" for 2 days. The resulting crystals were recrystallized 
from acetone+ther and then from acetone to afford 0.93 g. (55%) of 
material, m.p. 147-148'. 


And.--Calc. for C9HnlN01: C, 35.64; H, 7.26; I, 41.91; N,4.60. 
Found: C, 35.79; H, 7.21; I, 41.72; N, 4.52. 


l - ~ y l U y d r o x y - l - p r o p y l o x y ) p r O p a n e  Methiodlde 
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Colorimetric Method for Determination. of 
Guanamle in Blood and Urine 


MAHMOUD N. MUSA', GERALD M. LOWER, Jr., and GEORGE T. BRYAN* 


____ ~~ 


Abstract 0 A colorimetric method, based on diazotization and 
coupling, for the determination of guanazole in aqueous solution, 
blood, and urine is described. The average relative standard devia- 
tion of the method is about 0.9%. Determination in blood involves 
precipitation of proteins with trichloroacetic acid and diazotiza- 
tion and coupling of guanazole in the filtrate. Determination in 
urine involves separation of guanazole from the diazotizable, 
naturally occurring urinary aromatic amines using ionexchange 
chromatography. 


Keyphrases 0 Guanazole (3,5-diamino-l,2,4-triazole~olori- 
metric analysis in aqueous solution, blood, and urine 0 3,S-Di- 
amino-l,2,4-triazole (guanazolel-colorimetric analysis in aqueous 
solution, blood, and urine 0 Colorimetry-analysis, guanazole in 
aqueous solution, blood, and urine 


Guanazole (3,5-diamin0-1,2,4-triazole)~ is an experi- 
mental drug beneficial in the treatment of adult acute 
leukemia (1-6). No methods for its determination are 
published in the literature. This paper describes a 
method for the determination of guanazole in aqueous 
solution, blood, and urine. The method is based on 
diazotization and coupling (7,8). 


EXPERIMENTAL 


Apparatus-Spectra and absorbance measurements were made 
with a recording spectrophotometerl. MaFhed cells with a Icm.  
optical path were used. 


Materials-Dowex-SOW (H+) (12% cross-linkage, 200-400 
mesh) was prepared as previously described (9). Dowex-1 La-) 
(10% cross-linkage, 200-400 mesh) was sedimented to remove the 


very fine and very coarse particles. Dowex-1 (CI-) was converted to 
Dowex-1 formate by passage of sodium formate and formic acid 
over the resin followed by appropriate water washes. 


Guanazole was obtained in bulk'. 
The following reagent grade chemicals were used: concentrated 


hydrochloric acid, sodium nitrite, ammonium sulfamate, N-(l- 
naphthy1)ethylenediamine dihydrochloride, dimethyl sulfoxide, and 
trichloroacetic acid. 


Procedure for Aqueom Solution-Two milliliters of 5.0 N HCI 
and 2 rnl. of the guanazole aqueous solution were added to 2 ml. of 
dimethyl sulfoxide. Then 0.2 ml. of 0.5 NaNOl was added to this 
mixture. Immediately 0.2 ml. of 5.0% ammonium sulfamate was 
added and mixed thoroughly, followed by 0.2 ml. of 0.5% N 4 -  
naphthyl)ethylenediamine dihydrochloride'. After 10 min. the ab- 
sorbance of the sample was compared with a blank at 504 nm. in 
the spectrophotometer. Quantitative comparisons were made with a 
guanazole standard curve prepared in a similar fashion. 


proeedure for Blood-Eight milliliters of a 15% solution of 
trichloroacetic acid was added to 2 ml. of blood. This was then 81- 
tered through a prewashed filter paper, which was then washed with 
a few milliliters of distilled water. The filtrate was made up to 25 ml. 
in a volumetric flask. Two milliliters of the filtrate was added to 2 
ml. of 5.0 N HCI, diazotized and coupled as described for the aque- 
ous solution, and compared with a blank made up with water and 
the other reagents. 


Procedure for Urine-Fifty milliliters of the urine sample was 
passed through a Dowex-1 formate column (1.0 cm. 0.d. X 10 cm.) 
under a pressure of 1.0-2 p s i .  The column was washed with SO ml. 
of deionized water, the effluent and wash were combined, and the 
pH was adjusted to 1-2. The acidified sample was passed through a 
Dowex-SOW (H+) column (1.0 X 10 cm.) by gravity. The eluate was 
discarded, and the column was then washed with 50 ml. of 0.1 N 
HCI. Guanazole was eluted from the column with 200 ml. of 2.5 N 
HCI. This chromatographic procedure separates guanazole from 
the diazotizable. naturally occurring urinary aromatic amines. An 


1 NSC 1895. 
9 Cary 14. 


* From the Na!ional Cancer.Institute, U .  S. Public Health Service. 
4 This solution is to be kept in a dark bottle and should be prepared 


fresh every week. 
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Distribution of Dibenzoxazepines Bearing the Carboxamide or 
Other Side Chains in Ocular and Other Tissues of Dogs 


JACQUES DREYFUSS’, JAMES M. SHAW, JOHN J. ROSS, Jr., GENG ME1 WANG, 
KEITH K. WONG, and ERIC C. SCHREIBER 


Abstract IJ The distribution of four substituted dibenzoxazepines 
in tissues of dogs was examined 7-14 days after oral administration 
to intact dogs and 7 hr. after intravenous administration to dogs 
with externalized bile ducts. 4-[3-(7-Chloro-5,1 I-dihydrodibenz- 
[b,c][ 1,4]oxazepin-5-yl)propyl]- 1 -piperafine ethanol hydrochloride, 
its trifluoromethyl analog, and 5~(2-dimethylamino)ethy1]-5,11- 
dihydrodiben@,e][ I ,410xazepine maleate were present in organs 
in greater concentrations than in blood, particularly in the brain, 
liver, lungs, and melanin-containing portion of the eye consisting 
of the combined retina, choroid, and sclera. These same compounds 
were bound to various extents to melanin granules of beef eyeball 
in cirro. FChloro-5, I I-dihydrodibenz[b,e][ I ,4]oxazepine-5-carbox- 
amide, which bears a carboxamide substituent, was neither localized 
in any tissues of dogs, relative to concentrations in blood, nor 
bound to melanin granules in airro. It is concluded that the presence 
of the carboxamide side chain alters the affinity of 7chloro-5,ll- 
dihydrodibeni$b,~~][l,4]oxazepine-5-carboxamide for tissues, es- 
pecially those containing melanin. 


Keyphrases 0 Dibenzoxazepines, carboxamide and other side 
chains-tissue distribution, affinity for melanin, dogs 0 Carbox- 
amide-substituted dibenzoxazepines-tissue distribution in dogs, 
affinity for melanin 0 Tissue distribution-dibenzoxazepines, 
melanin affinity, dogs 0 Melanin tissue distribution-dibenzox- 
azepines, dogs 0 Ocular tissue distribution-dibenzoxazepines, 
dogs 


It is generally accepted that substituted pheno- 
thiazines can adversely affect the eye and skin when 
large amounts are ingested chronically (1-3). Some com- 
pounds, like chlorpromazine, produce primarily opaci- 
ties of the lens and cornea, whereas others, like thiorida- 
zine, can produce a loss of vision by their effect on the 


retina. Because of these past findings, studies were con- 
ducted with some substituted dibenzoxazepines that 
have exhibited CNS activity in animals (4, 5) .  The re- 
sults of these studies show that the presence of a carbox- 
amide side chain alters the localization of the compound 
and/or its metabolites in the tissues of dogs, including 
the melanin-containing portion of the eye, as well as 
the binding of the parent molecules to melanin granules 
of beef eyeball in uitro. 


METHODS AND MATERIALS 


Purity and Specific Activity of Compounds-The radioactive 
compounds studied had the following chemical names, radio- 
chemical purities, and specific activities, respectively: I, 4-[3-(7- 
chloro-5,ll -dihydrodibenz[b,e][1,4]oxazepin-5-yl)propyl]- 1 -piper- 
a~ine-~~G-ethanol hydrochloride, 9 6 x ,  21.6 pc./mg.; 11, 4-[347- 
(trifluoromethyl) - 5,l I - dihydrodiben~b,e][1,4]oxazepin - 5 - y1)pro- 
pyI]-l-piperazine-W2-ethanol hydrochloride. 99 %, 24.9 pc./ 
mg. ; I1 I, 5-[( 2-dimethy1amino)ethyl- 1,2- 1 ‘C-2 ]-5,1 I -di hy drodibenz- 
[b,e~l,4]oxazepine maleate, 99%, 6.9 pc./mg.; and I V ,  7chloro- 
5,l I-dihydrodiber4b,e][ I ,4]0xazepine-5-~’C-carboxamide, 99 x, 5.0 
ccc./mg. 


Surgical Preparation of Dogs-Purebred male beagles were 
anesthetized with 30 mg./kg. of sodium pentobarbital administered 
intravenously. A catheter was inserted into the bladder for the 
collection of urine. The radial vein was then cannulated, and in- 
fusion of the following solution was begun at the rate of 3 ml./min.: 
mannitol (100 g.), potassium dihydrogen phosphate (200 mg.), 
potassium hydrogen phosphate (900 mg.), sodium pentobarbital 
(25.5 mg./kg. of body weight), and sufficient water to  make 2 1. 
Mannitol was included to ensure an adequate flow of urine. A 
midline incision was made, and the entrance to the gallbladder was 
clamped at its juncture with the common bile duct. A polyethylene 
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catheter was then inserted about 1.27 cm. (0.5 in.) into the common 
bile duct. The catheter was tied in place, and the midline incision 
was closed with wound clips. 


Analysis of Blood-A sample (0.2 ml.) of heparinized blood was 
digested in 0.5 ml. of 1 N NaOH by heating overnight at 80". The 
digest was then bleached with 30% hydrogen peroxide, neutralized 
with 0.2 ml. of 2sthylhexanoic acid, and counted with 15 ml. of 
scintillator (6). 


Collection and Analvsis of Urine. Bile. and Feces-Purebred - -..~ ~ .~ ~ 


beagles (9-1 1 kg.) and monkeys, h&uc~~ rndurru (3.2-4.1 kg.), 
were fasted overnight prior to drug administration and were housed 
in metabolism cages' designed to allow the separate collection of 
urine and feces. All animals were dosed between 8 and 10 a.m. 
Samples of feces were homogenized with 2-3 volumes of methanol. 
About 50-100 mg. of homogenate was transferred to a weighed 
scintillation vial, and 1 ml. of a solubilizerz was added. The sample 
was shaken for at least 1 hr., bleached with 30% hydrogen peroxide, 
and counted in 15 ml. of scintillator (6). Samples of urine and bile 
were counted directly in 15 ml. of scintillator (6). 


Analysis of Tissw-Samples of brain tissue were homogenized in 
water, using an all-glass Potter-Elvehjem homogenizer; about 200 
mg. of homogenate was transferred to a weighed scintillation vial 
and digested in 2 ml. of solubilizer. Certain portions of the eye 
(lens, cornea, aqueous and vitreous humors, and combined retina, 
choroid, and sclera) were digested directly in 2 ml. of solubilizer. 
Similarly, representative portions of omental fat, skin (without 
hair), and the adrenal gland were digested directly in the solubilizer. 
Samples of tissue from the heart, kidneys, liver, lungs, thigh muscles, 
and testes were analyzed by first grinding the tissue in a meat grinder 
and then solubilizing about I00 mg. of the well-mixed sample in 
2 ml. of solubilizer. All samples of tissue were counted in 15 ml. of 
toluene scintillator solution, which contained 5 g. 2,5-diphenyloxa- 
zole and 0.3 g. 1,4-bis-2-(4-methyl-5-phenyloxazolyl)-benne/l. of 
toluene. Since these analytical methods are normally reproducible 
to within 5%.  replicate determinations were not routinely per- 
formed. 


Binding to Melanin Granules In Vitro-Melanin granules were 
prepared from the eyes of oxen, according to the method of Potts 
(7). Since IV is only slightly soluble in water (I, 11, and 111 are 
readily water soluble), ull compounds were first dissolved in 100% 
dimethylformamide. Then a stock solution of each drug at a con- 
centration of 3.5 X M in 10% dimethylforrnamide-90% 
0.0165 M sodium phosphate buffer, pH 6.0, was prepared. The 
final incubation mixtures, for drug concentrations of 0.75 X 10-4 
and 1.5 X lo-' M, contained 2.15 and 4.30 ml. of the stock drug 
solution and 6.85 and 4.70 ml. of buffer, respectively, and 1 ml. of 
a suspension of melanin granules (7.1 mg. dry weightlml.). Thus, 
the final concentration of dimethylformamide was 2.15x at 0.75 X 
10-4 M and 4.30x at 1.5 X M. The final pH was about 6.9. 
Samples were incubated, with shaking, at 25" for 30 min. and then 
centrifuged at 35,oOOXg for 15 min. Aliquots of the resulting super- 
nate and of a control sample prepared with water, instead of with 
melanin granules, were counted in Bray's scintillator. Control ex- 
periments with I, 11, and 111, carried out in an entirely aqueous 
medium, indicated that the presence of dimethylformamide at the 
concentrations employed did not appreciably alter the binding of 
these compounds to melanin granules. 


Counting of Samples-Radioactivity in each sample was measured 
by a liquid scintillation spectrometer3 Counting efficiency was de- 
termined with automatic external standardization and the use of 
previously prepared quench curves. 


RESULTS 


Dogs with externalized bile ducfs were dosed intravenously, each 
with one of the four dibenzoxazepines ( 5  mg./kg.). The single ani- 
mals treated with each compound were sacrificed 7 hr. after they 
had been dosed, and selected tissues were examined for their con- 
tent of radioactivity (Table 1). After the administration of I, 11, 
and Ill, radioactivity, considered relative to that present in the 
blood, was highly localized in tissues. The highest concentrations 
of radioactivity were located in the pigmented portion of the eye, 


k 
Compound 3 - R2 


ILI H -(CHz)z-N-(CKh 
Iv C1 --CONH, 


structures of substituted dibenzoxazepines 


consisting of the combined retina, choroid, and sclera, and in the 
liver and lungs. Most of the other tissues contained levels of radio- 
activity that were several times those present in the blood but not as 
high as those just mentioned. By contrast. levels of radioactivity 
in most of the tissues of the dog that had been dosed with I V  were 
actually lower than those present in the blood, except for the liver 
and kidneys, the organs of excretion. For IV ,  there was no localiza- 
tion of radioactivity in the combined retina, choroid, and sclera. 


The distribution of radioactivity was examined in selected tissues 
of intact animals that had been dosed orally with each of the four 
dibenzoxazepines. The animals were sacrificed 7 or 14 days after 
being dosed, at which time the residual levels of radioactivity in 
tissues were determined (Table 11). For I, both dogs and monkeys 
were studied. As it had been after the intravenous administration of 
I. radioactivity was still localized in certain tissues relative to that 
present in the blood, most notably in the combined retina, choroid, 
and sclera of both dog and monkey. For 11, radioactivity was local- 
ized in the pigmented portion of the eye and in most of the other 
tissues as it was after the administration of I. The apparent half-life 
for the elimination of radioactivity from these tissues was about 7 
days for most of the tissues and substantially longer for the com- 
bined retina, choroid, and sclera. After the administration of 111, 
radioactivity also persisted in the pigmented portion of the eye and 
in several of the other tissues. The distribution of residual radio- 
activity in tissues of dogs following the administration of IV, how- 
ever, was quite different from that observed for the other three di- 
benzoxazepines. Here, with the marginal exception of the cornea, 
none of the tissues contained levels of radioactivity higher than 
that present in the blood and, in most cases, only traces of radio- 
activity were present. 


The distribution of radioactivity after the oral administration 
of 1V was also studied in tissues of intact dogs that were sacrificed 
3.5 hr. after being dosed (Table 111). Once again, the distribution 


Table I-Distribution of Radioactivity in Tissues of Dogs with 
Externalized Bile Ducts 7 hr. after Intravenous Dosing 


mcg. Drug Equivalents/g. Tissue 
Brain 2.90 3.66 1.86 


Omental fat 0.64 I .57 3.17 
Skin 1.03 1.36 1.94 
Kidneys 3 . 4 4  4.83 3.41 
Liver 11.43 14.87 7.67 
Testes 5.60  8.04 5 . 5 1  
Heart 2.38 2.95 1.81 
Adrenals 3.19 5 .  I 8  4.47 
Skeletal muscle 1.04 1.92 0 .96  
Cornea 0 .55  0.70 2.35 
Lens 0.13 0.10 1.15 
Aqueous humor 2.34d 2.36d 0.05 
Vitreous humor 4.31 
Combined retina, 23.14 15.01 19.03 


Blood, mcg./ml. 0.45 0.65 0.65 


Lungs 12.30 24.56 7.43 


choroid, and sclera 


0.52 
1.15 
1.27 
1 - 0 4  
1.76 
4.77 
0.90 
0.87 
1.17 
0.84 
0.39 
0.35 
0. I5 
0.08 
0.50 


0.98 


1 Porter-Mathews Co. 


8 Packard Tri-Carb. model 3380. 
NCS Solubilizer. Amersham-Searle. 


a Five mg./kg. as  a 5-min. infusion into the radial vein. b Male. 
cDrug administered in 9.6 ml. of 50% aqueous dimethyl sulfoxide. 


Aqueous and vitreous humors were combined before analysis. 
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Table 11-Residual Radioactivity in Tissues of Dogs and Monkeys after Oral Administration of Some Substituted Dibenzoxazepines 
~ ~~ 


7- 1 (14 Days"+---- 11 (7 Days), I1 (14 Days), 111 (7 Days), IV (7 Days), 
Tissue Do& Monkey. Do& Do& DO& Dogd 


mcg. i SE Drug Equivalents/g. Tissue 
Brain O . M f O . 0 7  O.067=tO0.011 0.21 3ZO.00 0.14+0.01 O.016j=O0.008 0.007It0.007 
Lungs 0 . 3 4 f 0 . 0 5  0.13Zk0.03 0.383Z0.02 0 . 1 9 f 0 . 0 3  0.128*00.040 0.078It0.045 
Omental fat 0 . 1 2 f 0 . 0 1  0.061 Zk0.013 0.353Z0.14 0.15Zk0.03 0 . 2 7 4 f 0 . 2 5 3  0.OOO 
Skin 0 . 1 6 f 0 . 0 2  0 . 1 4 f 0 . 0 3  0.363Z0.04 0.18*0.01 0.118Zt0.020 0.032&0.018 
Kidneys 0 . 3 3 f 0 . 0 4  0.78Zk0.67 0 . 4 6 r t 0 . 0 4  0 . 2 2 z t 0 . 0 2  0 . 1 5 3 f 0 . 0 1 1  0 . 0 1 6 f 0 . 0 0 9  
Liver 1.41 f 0 . 2 4  0 .69I tO.18  2.173Z0.03 1.033Z0.11 0.510=!=0.092 0 . 2 4 f 0 . 0 4  
Skeletal muscle 0 . 2 2 f 0 . 0 3  0.11f0.01 0.23Zk0.02 0 . 1 4 f 0 . 0 1  0.049&0.025 0.OOO 
Cornea 0 . 1 2 f 0 . 0 1  0 . 0 6 3 ~ 0 0 . 0 1  0 .15r tO.02  0.094&00.009 0.OOO 0.OOO 
Lens 0.049 f 0.004 0.032 f 0.001 0.056 f 0.005 0.040 f 0.002 0.008 f 0.001 0.021 f 0.009 
Aqueous humor and 0.075 f 0.0068 0.033 f 0.016° 0.10 f 0.01' 0.13 f 0.04r 0.OOO 0.OOO 


Combined retina, 0 . % f O o . 2 8 J  3 . % &  1.40 1.04rtO.24,  0.80fO.OY 0.308ZtOo.054, 0.070It0.041 


Blood, mcg./ml. 0.12 f 0.02 0.067 f 0.010 0.15 * 0.01 0.066 f 0.013 0.043 3Z 0.005 0.15 f 0.01 


vitreous humor 


choroid, and sclera 


~ 


0 The time when the animals were sacrificed is cited in parentheses. * Dogs were given 5 mg./kq. by avage. Two dogs of each sex were employed. 
except for 111 for which one male and two females were used. c Monkeys (one of each sex) were given f.5 mg./kg. by nasogastric intubation. d Dogs 
(two of each sex) were iven 10 mg./kg. by ca sule. Aqueous and vitreous humors were combined before analysis. I Concentrations in the combined 
retina. choroid, and %?era were divided by tge concentrations in blood. These ratios were statistically different ( p  C0.025) by Student's t t e t  from 
concentrations found in dogs dosed with IV. 


of radioactivity found in the tissues of these dogs was very different 
from that seen for the other substituted dibenzoxazepines. Here, 
only the liver and kidneys contained levels of radioactivity that 
were higher than that present in the blood. Radioactivity was rather 
uniformly distributed in most of the other well-perfused tissues, 
with the exceotion of the brain in which low levels were found. 


with melanin granules from beef eyeball (Table V). Whereas I, 11, 
and I11 were significantly bound to the malanin granules, IV was 
bound only to an extent that is within the error of the method. 


DISCUSSION 


Thus, the results obtained with intact dogs dosed orally were 
similar to those found with the dog having the externalized bile 
duct that had been dosed intravenously. This finding suggests that 
the administration of IV intravenously in 50% aqueous dimethyl 
sulfoxide did not intluence the distribution of IV in tissues of dogs. 


To determine whether the mode of excretion of the four dibenz- 
oxazepines had any bearing on the distribution of the parent com- 
pound or its metabolites in tissues, the excretion of radioactivity 
in the urine and feces or bile was examined following the administra- 
tion of each compound (Table IV). The data show that dogs with 
externalized bile ducts that had been dosed intravenously excreted 
radioactivity in the urine and bile in a manner very similar to that 
found in the urine and feces of the dogs dosed orally. Dogs dosed 
with the nonpiperazinecontaining compounds, III and IV, ex- 
creted much more radioactivity in the urine than did dogs dosed 
with I and 11, compounds substituted with the piperazine-con- 
taining side chains. 
To provide additional evidence for the affinity of the four sub- 


stituted dibenzoxazepines for the melanincontaining portion of the 
eye, each radioactive parent dibenzoxazepine was incubated in uifro 


Table 111-Distribution of IV and/or Its Metabolites in Tissues 
of Intact Dogs 


~ ~ ~~ 


Male, Female, Mean, 
Tissue mcg./g. mcg./g. mcg./g. 


Brain 
Lungs 
Omental fat 
Skin 
Kidneys 
Liver 
Testes 
Heart 
Adrenals 
Skeletal muscle 
Cornea 
Lens 
Aqueous humor 
Vitreous humor 
Combined retina, 


Blood, mcg./ml. 
choroid, and sclera 


0.12 0.046 
0.73 0.62 
0.42 0.17 
0.92 0.53 
4.12 1.87 
6.47 4.18 
0.52 - 
0.56 0.33 
0.59 0 . 3 8  
0.51 0.29 
0.19 0.13 
0.070 0.036 
0.15 0.088 
0.062 0.083 
0.46 0.36 


1.21 0.72 


0.083 
0.68 
0.30 
0.73 
3.00 
5.33 
0.52b 
0.45 
0.49 
0.40 
0. I6 
0.053 
0.12 
0.073 
0.41 


0.97 


oDogs were given 10 mg./kg. of I V  in a gelatin capsule. The dogs were 
sacrificed 3.5 hr. after dosing. b Single value only. 


608 0 Journal of Pllarmaceutical Sciences 


A number of studies showed that chlorpromazine (8-10) and 
other phenothiazines (1 1) are localized in various tissues, particu- 
larly in the brain, lungs, and liver. The substituted dibenzoxazepines, 
I, 11, and 111, and the dibenzoxepin, doxepin (12), are all localized 
in tissues of dogs to various degrees. In addition, all of these com- 
pounds bind to the pigmented portion of the eye. Bolt and Forrest 
(1 3) reported on the interaction of chlorpromazine and 7-hydroxy- 
chlorpromazine with melanin. The persistence of radioactivity in 
the fetal and maternal eyes, but not in other tissues, of mice given 
Y3chlorpromazine was also reported (14). It is not known if a 
common mechanism underlies the formation of cataracts and the 
development of retinopathy. However, chlorpromazine-induced 
cataracts have been studied experimentally in both albino and pig- 
mented guinea pigs (15). On the basis of those studies, it was con- 
cluded that the development of cataracts had no apparent relation- 
ship to the presence of melanin. Thus, the binding of compounds 
to melanin apparently should not be considered as an indicator 
of potential cataractogenesis. 


The excretion of the dibenzoxazepines reported in the present 
studies appears to follow the pattern established for the pheno- 
thiazines (16). Thus, those compounds substituted with piperazine- 
containing side chains (I and 11) were excreted primarily in the feces 
or bile, whereas the excretion of a compound substituted with the 
aliphatic amine side chain (111) was shifted toward the urinary 
route. Compound IV, which bears the carboxamide side chain, was 
appreciably excreted in the urine after intravenous administration. 
After oral dosing, IV  is incompletely absorbed; nevertheless, 23% 
of the dose was excreted in the urine, a considerably larger fraction 
than that excreted in the urine of the dogs dosed with I and I1 
(5-9z of the dose)(l7). 


An earlier report described the metabolism of I and I1 in dogs 
(17). No significant differences could be found in the excretion, dis- 
tribution, or biotransformation of these two compounds, which 
differ by the fact that I contains a chloro substituent on the tricyclic 
ring system whereas I1 bears a trifluoromethyl group. The binding 
of these two compounds to melanin granules in oitro was com- 
parable. Likewise, 111, but not IV, bound to melanin granules in 
oifro. Interestingly, I, It, 111, and IV all appear to undergo hydrox- 
ylation on the tricyclic ring system, since mass spectral studies of 
metabolites of I and I1 showed the presence of the hydroxyl group 
(17), and other experiments in this laboratory indicated that glu- 
curonide conjugates of all four compounds were excreted in the bile 
of dogs. For the phenothiazines, chlorpromazine (9) and tiuphen- 
azine (18), 7-hydroxylation has been identified as a prominent 
metabolic pathway. Additional findings in this laboratory showed 







Table IV-Excretion of Radioactivity by Dogs after Oral or Intravenous Administration of Some Substituted Dibenzoxazepines 


Compound“ 
Dose, Time of 


mg./kg. R o u e  Sacrifice 
~ ~~ 


5 i.v.c 7 hr. 
14 days 
7 hr. 5 I.V. 


5 P.0; 


14 days 
7 hr. 5 Po”; 


5 l.v. 
5 P.0; 7 days 
5 I.V. 7 hr. 
10 p.0. 7 days 


Percent of Dose f SE 
FeceS 


Urine or (Bile) Total 


5.82 (68.01) 73.83 
9.30 f 1.07 83.28 f 4.80 92.58 f 4.50 


4.25 (59.58) 63.83 
5.34 f 0.50 80.88 f 2.86 86.22 =i-2.42 
35.40 (22.76) 58.16 


55.04 f 9.47 33.96 f 7.52 89.00 f 1.95 
31.55 (46.60) 78.15 


23.25 f 0.71 62.12 f 4. 15 85.37 f 3.74 
~~ ~ ~ 


a The number of dogs is indicated in parentheses. * All drugs were administered orally in aqueous solution by gavage. except IV which was iven in 
capsules. Intravenous dosing for all drugs except 1V was as an.aqueous solution infused over a 5- or 10-min. interval. IV was administered in 8.6 ml. 
of 50% aqueous dimethyl sulfoxide. c These dogs had their bile ducts externalized. 


Table V-Binding of Some Substituted Dibenzoxazepines to 
Beef Eyeball Melanin Granules In Vitro 


~~ 


Percent Bounda 
Compound 0.75 X lo-’ M 1.5 x 10-4 M 


I 
I1 


111 
IV 


52.6 
44.1 
23.5 
1.3 


40.1 
35.8 
19.5 
1.1 


0 The numbers cited are the average of two or three replicate deter- 
minations with the same granule preparation. The percent bound 1s 
based on the total radioactivity present in the incubation mixture. 


that little, if any, unchanged I, 11,111, or IV was excreted in the urine 
and bile of dogs dosed intravenously. Thus, it seems likely that I, 11, 
and 111 can bind to melanin in vitro and that metabolites of these 
same compounds can bind to the melanincontaining portion of 
the eye in uivo. 


In animals, IV has antidepressive, rather than neuroleptic, prop- 
erties ( 5 )  that are similar to some of those exhibited by doxepin and 
amitriptyline. The latter two compounds bind to melanin, although 
not to the extent found for chlorpromazine (12), an electron donor 
that forms charge-transfer complexes with melanin (9, 19, 20). It 
is suggested that the carboxamide side chain in some way alters 
the affinity of IV and its metabolites for tissues, including those 
that contain melanin. 


(6) G. A. Bray, Anal. Biochern., 1, 279(1960). 
(7) A. M. Potts, Invest. Ophthalmol., 3,405(1%4). 
( 8 )  S. H. Curry, J. E. Derr, and H. M. Maling, Proc. Soc. Exp. 


Biol. Med., 134, 314(1970). 
(9) I. S. Forrest, A. G. Bolt, and M. T. Serra, Biochem. 


Phurmacol., 17, 2061(1968). 
(10) G. B. Cassano and E. Hansson, in “Neuro-Psycho-Phar- 


macology,” H. Brill, Ed., Excerpta Medica Foundation, New York, 
N. Y., 1967, p. 1191. 


(11) M. A. Mahju and R. P. Maickel, Biochem. Pharmacol., 18, 
2701( 1969). 
(12) D. C. Hobbs, ibid., 18, 1941(1969). 
(13) A. G. Bolt and I. S. Forrest, in “Neuro-Psycho-Phar- 


macology,” H. Brill, Ed., Excerpta Medica Foundation, New York, 
N. Y., 1967, p. 1185. 
(14) S. Ullberg, N. G. Lindquist, and S.  E. Sjostrand, Nature, 227, 


1257( 1970). 
(15) R. 0. Howard, C. J. McDonald, B. Dunn, and W. A. 


Creasey, Invest. Ophthalmol., 8.41 3( 1969). 
(16) E. J. Van Loon, T. J. Flanagan, W. J. Novick, and A. R. 


Maass, J. Pharm. Sci., 53, 1211(1964). 
(17) J. Dreyfuss, J. J. Ross, Jr., J. M. Shekosky, and E. C. 


Schreiber, Xenobiotica, 1, 29(1971). 
(18) J. Dreyfuss and A. I. Cohen, J.  Pharm. Sci., 60, 826(1971). 
(19) I. S. Forrest, F. Gutmann, and H. Keyzer, Agressologie, 7 ,  


(20) H. P. Wassermann, Brit. J. Dermatol., 82, 530(1970). 
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Synthesis of Site-Directed Chelating Agents I: 
Pteridine Carboxaldehyde Thiosemicarbazones 


HOWARD I. HOCHMAN. KRISHNA C. AGRAWAL, CHARLES W. SHANSKY. and 
ALAN C. SAKTORELLI. 


Abstract 0 Several 6-formylpteridine thiosemicarbazones and semi- 
carbazones were synthesized as potential inhibitors of the enzyme 
dihydrofolate reductase. The most active derivative in this series 
was 2,4-diaminopteridine-6-carboxaldehyde semicarbazone, which 
caused 50% inhibition of dihydrofolate reductase of human liver at 
a concentration of 1.4 X 


Key phrases 0 Pteridine carboxaldehyde thiosemicarbazones-syn- 
thesized and tested as site-directed chelating agents of dihydrofolate 
reductase 6-Formylpteridine thiosemicarbazones and semicarba- 
zones-synthesked and tested as site-directed chelating agents of 
dihydrofolate reductase 0 Dihydrofolate reductase-synthesis and 
testing of pteridine carboxaldehyde thiosemicarbazones as potential 
inhibitors 


M. 


Thiosemicarbazones of heterocyclic carboxalde- 
hydes with the formyl group alpha to a heteroaromatic 
ring nitrogen have been shown to possess both anti- 
neoplastic and antiviral activities (1-5) ; several differ- 
ent heteroaromatic ring systems are active carcino- 
static agents with such potency correlating with the 
inhibition of the synthesis of DNA (68). The site of 
the metabolic lesion on the DNA biosynthetic path- 
ways, as elucidated with 1 -formylisoquinoline thiosemi- 
carbazone and 2-formylpyridine thiosemicarbazone, 
two members of the most potent heterocyclic ring sys- 
tems, is at the level of the conversion of ribonucleo- 
tides to deoxyribonucleotides (9-1 1). A study of the 
mechanism of action of 1-formylisoquinoline thiosemi- 
carbazone and 2-formylpyridine thiosemicarbazone in- 
dicated that they inhibit the enzyme ribonucleoside di- 
phosphate reductase either by binding to the target 
enzyme through chelation of iron in a metal-containing 
form of the enzyme or by initially forming an iron 
chelate of the inhibitors which interacts with the'enzyme 


In an effort to orient the chelating potential of the 
formyl thiosemicarbazone side chain positioned alpha 
to a heteroaromatic ring nitrogen atom to a vulnerable 


(9, 11). 


enzymatic site of neoplastic cells other than ribonucleo- 
side diphosphate reductase, several pteridine thiosemi- 
carbazones were synthesized. The pteridine nucleus 
was selected to direct the formyl thiosemicarbazone 
portion of the molecule to  the enzyme dihydrofolate 
reductase. Although dihydrofolate reductase has not 
been shown to be a metal-containing enzyme, Hakala 
and Suolinna (12) showed that the enzyme from neo- 
plastic cells is inactivated by the metal-chelating agents 
o-phenanthroline and ethylenediaminetetraacetate. 


EXPERIMENTAL 


Enzymatic Studies-Dihydrofolate reductase was prepared to 
homogeneity from human liver'. Enzymatic activity was assayed 
spectrophotometrically by measuring the decrease in absorbance at 
340 nm. which results from the conversion of NADPH and dihy- 
drofolate to NADP+ and tetrahydrofolate (1 3). 
2,4-Diamino-6-fonnylpteridine Semicarbazone-2,4-Diaminopter- 


idine-&carboxaldehyde (0.19 g.) was dissolved in 50 ml. of water con- 
taining 1 ml. of concentrated hydrochloric acid. Semicarbazide 
(0.1 g.) was dissolved separately in 10 ml. of water, and the two 
solutions were mixed and warmed for 15 min. Sodium acetate (1 8.) 
was added and the mixture was stirred. The resulting compound was 
filtered, washed with hot water and ethanol, and dried. The com- 
pound did not melt but slowly decomposed above 300". 
For analytical purposes, the compound was isolated as its hydro- 


chloride salt. 
Anal.-Calc. for C&NUO.HCl: C, 33.86; H, 3.17; N, 44.44. 


Found: C. 33.36; H, 3.12; N, 43.95. 
ThiosemicarbamneThe thiosemicarbazone derivative of 2,4-di- 


aminopteridine-Ccarboxaldehyde was synthesized as described 
above except that thiosemicarbazide repIaced semicarbazide and was 
analyzed as its hydrochloride. The compound did not melt but 
slowly decomposed above 300". 


Anal.-Calc. for CsHgNuS.HCl: C, 32.05; H, 3.34; N, 42.07; S, 
10.68. Found: C, 31.65; H, 3.30; N,41.35; S ,  10.49. 


2-AminoQhydroxy-6-formylpteridIne Semicarbazone-2-Amino- 
4-hydroxypteridine-Gcarboxaldehyde (0.19 g.) was dissolved in 5 ml. 
of water by the addition of the minimum amount of 1 N sodium 


~ 


'Performed by Dr. David R. Makulu and Dr. Joseph R.  Bertino, 
who donated the enzyme for these studies. 
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X 


I: R=NH,,  X = O  
Ik R=NH,,  X = S  


III: R=OH,  X=O 
IV: R=OH,  X = S  


Scheme 1 


hydroxide. This solution was added dropwise to a hot solution of 
sernicarbazide (0.1 9.) in 10 ml. of water containing a few drops 
of acetic acid, and the mixture was heated for a few minutes. The re 
sulting compound was filtered, washed with hot water and ethanol, 
and then dried. It was purified by dissolving the compound in 1 N 
sodium hydroxide and reprecipitating with dilute acetic acid. The 
compound did not melt but slowly decomposed above 300°. 


Anal.-Gdc. for G.HsN&-HB: C, 36.09; H, 3.76; N, 42.10. 
Found:C,35.71;H,3.87;N,42.17. 


ThiosemlearbazoacThe thiosernicarbazone derivative of 2-ami- 
no4hydroxypteridine-6-carboxaldehyde was synthesized as de- 
scribed above except that thiosemicarbazide replaced semicarba- 
dde. The compound did not melt but slowly decomposed above 
300". 


Anal.-Calc. for C&NSOS: C, 36.36; H, 3.03; N, 42.42; S, 
12.12.Found:C,36.12;H,3.21;N,41.92;S,11.90. 


This paper reports the synthesis of the setnicarbazones and thio- 
semicarbazones of 2,4-diaminopteridine-6-carboxaldehyde and 
2-amino-4-hydroxypteridine-6-carboxaldehyde and the measure- 
ment of the potency of these compounds as inhibitors of dihydro- 
folate reductase from human liver. The pteridine aldehydes were 
synthesized by oxidative cleavage of folk acid (14) and amino- 
pterin'; the resultant products were then reacted with semicarbazide 
or thiosemicarbazide (Scheme I). 


RESULTS AND DISCUSSION 


A comparison of the relative effectiveness of the ptuidine car- 
boxaldehyde thiosemicarbamnes as inhibitors of the enzyme di- 
hydrofolate reductase is shown in Table I. The results indicate that 
the 2,4-diaminopteridine derivatives are more potent than the cor- 
responding 2-amino4hydroxypteridine compounds; these findings 
are in agreement with previous data indicating the requirement for 
2,4-diamino groups for optimal inhibition of dihydrofolate re- 
ductase by pteridines. The best inhibitor of dihydrofolate reductase 
in this series was 2,4-diaminopteridinea-carboxaldehyde semicar- 
&one (I), which caused 50% inhibition at a concentration of 
1.4 X 10-7 M. Previous results from this laboratory (8.15) indicated 
that the chelating potential of a-N-heterocyclic carboxaldehyde 
thiosemicarbazones is considerably greater than that of the cor- 
responding semicarbazones; therefore, the findings indicate that 


*S. Kushner, Lederle Laboratories. Pearl River, N. Y., pCrSoM1 
communication. 


Table I-EfTect of Pteridine Carboxaldehyde Thiosemicarbazones 
on Dihydrofolate Reductase Activity of Human Liver- 


Compound IDw, M 


2 , 4 - D i a m i n o p t e r i d i m b o ~ l ~ y d e  1.4 X lo" 
semicarbazone (I) 


2,eDiaminopteridine-6carboxaldehyde 7.5 x 10-7 


2-Anuno4hydroxyptendine-6- 1 x lo-' 


2-A1l1lno-4-hydroxypt~1&0e-6- I x 1 0 - 9  


thiqsemicarbazone (11) 
carboxaldehyde semi~bazone (111) 


carboxaldehyde thiosemicarbazone (IV) 


a Inhibitors were added to the e mic reaction mixture in 10% di- 
methyl sulfoxide. Enzyme activity2 controls as measured by the d o  
crease in absorbance at 340 nm. was 0.187 absorbance unit/5 min. A 
concentration of 1.8 x 10-* M methotrexate was required to inhibit 
enzyme activity by 50%. 


chelating potential does not significantly enhance the activity of 
inhibitory pteridines. 
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the portal vein of the rat. However, the portal vein 
infusion using the pyloric vein cannulation overcomes 
several disadvantages inherent in the use of direct cannu- 
lation into the portal vein, since the latter surgery is 
delicate, requiring speed and accuracy to prevent ex- 
cessive engorgement of the intestinal veins and acute 
loss of blood in the liver. The pyloric vein was selected 
because of its accessibility and a suitable branch of the 
hepatic portal vein to facilitate cannulation. The method 
for portal vein infusion in this communication is simple 
and practical as compared with that in the dog. This 
procedure in the rat has proven useful in drug absorp- 
tion and metabolism studies. Details of these studies 
will be reported elsewhere. 
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BOOKS 


REVIEWS 


Amino-Adds, Peptides, and Proteins. A Specialist Periodical Report. 
Volume 3. G. T. YOUNG, Senior Reporter. The Chemical Society, 
London, WIV OBN, England, 1971. xiv + 379 pp, 14.5 X 22 
cm. Price S6.00. 
This third volume continues the annual review of the literature in 


the field of amino acids, peptides, and proteins, covering about 2300 
papers published mostly in 1970. Under the editorship of G. T. 
Young from Oxford (who is called “senior reporter” in the Chemical 
Society’s terminology), a group of 15 “reporters” summarize the 
developments during 1970 in 5 chapters, giving brief abstracts of the 
papers or mere one line notations, depending on the significance 
ascribed to the publication. Chapter 1 by B. W. Bycroft covers amino 
acids (30 pages) in a rather readable fashion. Chapter 2, “Structural 
Investigation of Peptides and Proteins,” takes up most of the space 
(188 pages). It involves a number of contributors and includes ex- 
tensive coverage of the work on sequencing and X-ray crystallog- 
raphy of proteins. Chapter 3, “Peptide Synthesis” (57 pages), by 
J. H. Jones opens with some statistics to document the reporter’s 
contention that essentially all the important news on this topic can 
be covered by monitoring 25 primary journals. The last two chapters 
discuss “Peptides with Structural Features not Typical of Proteins” 
(47 pages) and “Metal Derivatives of Amino-acids, Peptides, and 
Protein” (36 pages), the latter covering the two-year period of 1969- 
1970. 


The volume is in keeping with the high standards which one has 
come to expect of the “Specialist Periodical Reports.” The re- 
viewer is not expert enough to judge whether the coverage is com- 
plete but at least did not notice any major omissions. As is almost 
unavoidable in a compilation of a huge amount of material like this, 
occasional errors do creep in, although the number seems to be 
quite small. One picky little example (as the customary documenta- 
tion that the reviewer has read the book): A table on page 13 lists 
among a-amino acids which have been synthesized for the first time, 
Sfluorotryptophan with a 1969 reference, a compound which this 


reviewer has bought as a catalog item from a commercial supplier as 
far back as 1963. This leads me to what I consider the main short- 
coming of this type of publication. The information in the litetature 
is strictly “reported” including many of the claims of the original 
authors, leaving -tially all the evaluation of the work to the 
reader. Since many claims take on a stronger flair of truth if they 
are repeated by third parties, this means that unless the reader goes 
back to the original literature, he may be left with some conclusions 
which are not as soundly based as he may think. While this referee 
would prefer a more critical review of the literature, the cbntributors 
usually stick to their assigned role as impartial reporters, with a few 
notable exceptions (e.g., Jones on pages 247 and 248). 


This difference in taste notwithstanding, the reviewer feels that 
this volume belongs on the bookshelf of every chemist and medicinal 
chemist who has anything to do with amino acids or their polymers 
since it is one of the mast comprehensive sources of ihformation in 
this field. 


Reoiewed by H. G. Floss 
Purdue University 
hfayette,  IN 47907 H 


Food Chemicals Codex, Second Edition. Prepared by the Committee 
on Specifications, Food Chemicals Codex, of the Committee 
on Food Protection, National Research Council, National 
Academy of Sciences, 2101 Constitution Ave., N.W., Washing- 
ton, DC 20418,1972.1039 pp. 15 X 23 cm. Price S20.00. 
This edition, slightly larger than the first, contains 639 mono- 


graphs. Monographs are provided for chemicals added directly 
to food to perform some desired function as well as substances 
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not added directly to  food but which come into contact with food, 
shch as food processing aids. Also, monographs for a number of 
substances that are not considered “chemical additives” in the con- 
ventional sense have been included, such as masticatory substances. 


Specifications set forth in this publication were developed with 
the cooperation of individual suppliers of food-grade chemicals 
and with industrial trade organizations. 


The Food Chemicals Codex was given official recognition by the 
U. S. Food and Drug Administration when the “Definitions and 
Procedural and Interpretative Regulations,” relating to the eligibil- 
ity of substances for classification as generally recognized as safe 
(ORAS), were revised and published in the Federal Register on 
June 25,1971. 


Supplements to the Codex are issued annually and sent to all 
holders of the book at  no charge. 


SfaffReuiew W 


WHO Expert Committee on SpedAcations for Pharmaceutical 
Preparations, Twenty-fourth Repart. World Health Organization 
Technical Report Series. World Health OrganiZation, Geneva, 
Switzerland (available from American Public Health Association, 
Inc., 1015 18th St., N.W., Washington, D c  20036). 1972.60 pp. 
16 X 24 cm. Price $1.9. 
This report provides a review of the work necessary relative to a 


general revision of the “International Pharmacopoeia,” intema- 
tional reference standards, and new monographs. Three annexes 
cover 33 new monographs, amendments to manufacturing prac- 
tices, and a modified method for the. determination of morphine in 
opium, respectively. 


Staff Reuiew W 


Carboa-FIuahe Compounds: chemieby, Biochemistry & Biological 
A c t i d k  A Ciba Fouhdation Symposium. Associated Scientific 
Publishers, 52 Vanderbilt Ave., New York, NY 10017, 1972.417 
pp. 16 X 24cm. 
The proceedings of this symposium, held in September 1971, 


represent an interdisciplinary approach to carbon-fluorine chem- 
istry. Topics covered in this volume include a review of the reac- 
tivity of the carbon-fluorine bond and its physical characteristics, 
the toxic effects of carbon-fluorine compounds (particularly the. 


fluoroacetates and fluorocitrates), and the role of fluoro analogs in 
protein biosynthesis or inhibition, 


The syllthesis of fluorocarbohydrates and their physiochemical 
properties are discussed. Of possible particular interest to the 
pharmaceutical scientist are the discussions of the metabolism, 
transport, and increasing use of NMR properties of fluoroanalogs 
for binding studies and structural identification of macromolecules. 
The involvement of fluoronucleotides in modifying nucleic acid 
synthesis and its relevance to virus replication are also covered. 


staff  Reuiew 8 


NOTICES 


Cometics-Perfumery Thesaurus. By HILDA FEINBERG. CCM In- 
formation Corp., 866 Thud Ave., New York, NY 10022, 1972. 
106pp. 14.5 X 22.5cm. RiceS12.95. 


Bridged Free Radicals. By LEONARD KAPLAN. Marcel Dekker, 
95 Madison Ave.. New York, NY 10016, 1972. 481 pp. 14.5 X 
23 cm. Price $24.50. 


Anaesthesia and Pbarmaceutics. Edited by J. SPIERDIJK and S. A. 
BLDMAN. Williams & Wilkins, Baltimore, MD 21202, 1972. 
144 pp. 14 X 22 cm. Price $20.00. 


Ceruical Pain, Proceedings of the International Symposium held in 
Wenner-Gren Center, Stockholm, January 25-27, 1971. Edited 
by CARL HIWH and YNOVE Z ~ R M A N ,  Pergamon hess, Inc., 
Maxwell House, Fairview Park, Elmsford, NY 10523, 1972. 221 
pp. 17 X 25 cm. Price $21.00. 


Biochemical Regulatory Mechanisms in Eukaryotic Cells. Edited 
by E. KUN and S. GRISOLIA. Wiley, 605 Thud Ave., New York, 
NY 10016,1972.530 pp. 15 X 23 cm. Price $24.95. 


The Therapeutic Choice in Pediatrics. Edited by W .  L. BURLAND and 
B. M. LAURANCE. Williams & Wilkins, Baltimore, MD 21202, 
1 9 7 2 . 2 2 8 ~ ~ .  13.5 X 21.5cm.Price516.00. 


Pharmacdogical Control of Lipid Metabolism, Aduances in Experi- 
mental Medicine and Biology-Vdume 26. Edited by W. L. 
H a r m ,  R. P A a e r r r ,  and D. KRKCHEVSKY. Plenum, 227 West 
17th St., New York, NY 10011, 1972. 357 pp. 16 X 25 cm. Rice 
$22.50. 


Encyclopedia of Inrlustrial Chemical Analysis, Volume 16-Mercury 
to Penicillins. Edited by F. D. SNELL and L. S. EITRE. Wiley, 
605 Thud Ave., New York, NY 10016, 1972. 583 pp. 17.5 X 
25.5 cm. Price $35.00 subscription; $45.00 single copy. 
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l-DimsLhylsndao-2-(Uydroxy-l-propyloxy)propane 0 - 1 -  
Dimethylamino-2-propanol(lO3 g., 1 mole) and 65 g. (1.1 mole) of 
propylene oxide were refluxed in 800 ml. of methanol for 18 hr. 
Methanol was evaporated under reduced pressure and the residue 
was fractionated. The fraction with a boiling point of 65' (0.2 mm. 
Hg) was the desired product; the yield was 24 g. (15%). 


And-Calc. for CtH,BNOt: C, 59.63; H, 11.79. Found: C, 59.86; 
H, 11.89. 


(MI)-Compound VI (1 g., 0.006 mole) and 3 g. (0.021 mole) of 
methyl iodide in 25 ml. of ether containing a few drops of methanol 
were kept at 0" for 2 days. The resulting crystals were recrystallized 
from acetone+ther and then from acetone to afford 0.93 g. (55%) of 
material, m.p. 147-148'. 


And.--Calc. for C9HnlN01: C, 35.64; H, 7.26; I, 41.91; N,4.60. 
Found: C, 35.79; H, 7.21; I, 41.72; N, 4.52. 


l - ~ y l U y d r o x y - l - p r o p y l o x y ) p r O p a n e  Methiodlde 
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Colorimetric Method for Determination. of 
Guanamle in Blood and Urine 


MAHMOUD N. MUSA', GERALD M. LOWER, Jr., and GEORGE T. BRYAN* 


____ ~~ 


Abstract 0 A colorimetric method, based on diazotization and 
coupling, for the determination of guanazole in aqueous solution, 
blood, and urine is described. The average relative standard devia- 
tion of the method is about 0.9%. Determination in blood involves 
precipitation of proteins with trichloroacetic acid and diazotiza- 
tion and coupling of guanazole in the filtrate. Determination in 
urine involves separation of guanazole from the diazotizable, 
naturally occurring urinary aromatic amines using ionexchange 
chromatography. 


Keyphrases 0 Guanazole (3,5-diamino-l,2,4-triazole~olori- 
metric analysis in aqueous solution, blood, and urine 0 3,S-Di- 
amino-l,2,4-triazole (guanazolel-colorimetric analysis in aqueous 
solution, blood, and urine 0 Colorimetry-analysis, guanazole in 
aqueous solution, blood, and urine 


Guanazole (3,5-diamin0-1,2,4-triazole)~ is an experi- 
mental drug beneficial in the treatment of adult acute 
leukemia (1-6). No methods for its determination are 
published in the literature. This paper describes a 
method for the determination of guanazole in aqueous 
solution, blood, and urine. The method is based on 
diazotization and coupling (7,8). 


EXPERIMENTAL 


Apparatus-Spectra and absorbance measurements were made 
with a recording spectrophotometerl. MaFhed cells with a Icm.  
optical path were used. 


Materials-Dowex-SOW (H+) (12% cross-linkage, 200-400 
mesh) was prepared as previously described (9). Dowex-1 La-) 
(10% cross-linkage, 200-400 mesh) was sedimented to remove the 


very fine and very coarse particles. Dowex-1 (CI-) was converted to 
Dowex-1 formate by passage of sodium formate and formic acid 
over the resin followed by appropriate water washes. 


Guanazole was obtained in bulk'. 
The following reagent grade chemicals were used: concentrated 


hydrochloric acid, sodium nitrite, ammonium sulfamate, N-(l- 
naphthy1)ethylenediamine dihydrochloride, dimethyl sulfoxide, and 
trichloroacetic acid. 


Procedure for Aqueom Solution-Two milliliters of 5.0 N HCI 
and 2 rnl. of the guanazole aqueous solution were added to 2 ml. of 
dimethyl sulfoxide. Then 0.2 ml. of 0.5 NaNOl was added to this 
mixture. Immediately 0.2 ml. of 5.0% ammonium sulfamate was 
added and mixed thoroughly, followed by 0.2 ml. of 0.5% N 4 -  
naphthyl)ethylenediamine dihydrochloride'. After 10 min. the ab- 
sorbance of the sample was compared with a blank at 504 nm. in 
the spectrophotometer. Quantitative comparisons were made with a 
guanazole standard curve prepared in a similar fashion. 


proeedure for Blood-Eight milliliters of a 15% solution of 
trichloroacetic acid was added to 2 ml. of blood. This was then 81- 
tered through a prewashed filter paper, which was then washed with 
a few milliliters of distilled water. The filtrate was made up to 25 ml. 
in a volumetric flask. Two milliliters of the filtrate was added to 2 
ml. of 5.0 N HCI, diazotized and coupled as described for the aque- 
ous solution, and compared with a blank made up with water and 
the other reagents. 


Procedure for Urine-Fifty milliliters of the urine sample was 
passed through a Dowex-1 formate column (1.0 cm. 0.d. X 10 cm.) 
under a pressure of 1.0-2 p s i .  The column was washed with SO ml. 
of deionized water, the effluent and wash were combined, and the 
pH was adjusted to 1-2. The acidified sample was passed through a 
Dowex-SOW (H+) column (1.0 X 10 cm.) by gravity. The eluate was 
discarded, and the column was then washed with 50 ml. of 0.1 N 
HCI. Guanazole was eluted from the column with 200 ml. of 2.5 N 
HCI. This chromatographic procedure separates guanazole from 
the diazotizable. naturally occurring urinary aromatic amines. An 


1 NSC 1895. 
9 Cary 14. 


* From the Na!ional Cancer.Institute, U .  S. Public Health Service. 
4 This solution is to be kept in a dark bottle and should be prepared 


fresh every week. 
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Figure I-Visible spectrum of the dye formed. Guanazole was added 
to water and rhen diazotized and coupled. 


aliquot of the 2.5 N HCI eluate was taken for diazotization and 
coupling as described for the aqueous solution and was compared 
with a blank urine sample treated as already described. If the eluate 
is too dilute to be assayed accurately, it can be concentrated by 
evaporating some of the water to a known volume. 


RESULTS AND DISCUSSION 


Figure 1 shows the visible spectrum of the dye formed; the maxi- 
mum absorbance is at 504 nm. Absorbance is linear with concentra- 
tion up to an absorbance value of 0.7. The molar absorptivity in the 
final solution is 17,500 1. M-1 cm-1. Table I shows the recovery of 
guanazole from samples of aqueous solution, human blood, and 
human urine. The recovery seems to be quantitative. The average 
relative standard deviation is 0.9%. 


The absorbance value of the blank for human blood is very close 
to zero; the value for human urine in a l-cm. cell is 0.12 f 0.11 
(standard error). Treatment of urine with ionexchange chromatog- 
raphy, as described under the Experimental section, decreases the 
value of absorbance of the blank to 0.005 (0.05 in a IO-cm. cell). 


Dimethyl sulfoxide is used to prevent the dye from precipitating. 
It is not needed if absorbance is read immediately after the addition 
of the coupling reagent or if the concentration of guanezole is 
low. 
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Table I-Recovery of Guanazole from Samples of Aqueous 
Solution, Blood, and Urine 


Aql~olls sdutfw 
1 .o 
3.0  
7 . 0  
9 . 9  


15 .0  
Average recovery f SD 


Hpmpn Blood 
12.0 
36.0 
84.0 


120.0 
180.0 


Hmraa Urlw 
4 . 0  


10.0 
25.0 
40.0 
60.0 


Average recovery f SD 


Average recovery f S D  


99.5 
99.2 
98.4 


100.5 
100.7 


99.7 f 1.0 


98.4 
97.5 
99.2 
98.7 
97.0 


98.2 f 0.9  


97.2 
99.2 
98.4 
97.5 
97.8 


98.0 f 0.8 
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Microcapsules XIV: Effects of Membrane Materials and 
Viscosity of Aqueous Phase on Permeability of 
Polyamide Microcapsules toward Electrolytes 


KOUICHI TAKAMURA*, MASUMI KOISHI, and TAMOTSU KONDO' 


Abstract IJ The effects of membrane materials and the viscosity of 
the aqueous phase on the permeability of several kinds of poly- 
amide microcapsules toward electrolytes were studied. The perme- 
ation rate of electrolytes was higher in the microcapsule mem- 
branes consisting of polyamide molecules with a polymethylene 
chain than in those having an aromatic ring. The viscosity of the 
microencapsulated aqueous phase decreased the permeation rate of 
electrolytes to a great extent, indicating that the diffusion of elec- 
trolytes in the interior of microcapsules is rate determining in the 
permeation process. 


Keyphrases 0 Polyamide microcapsules-permeation rate of elec- 
trolytes 0 Permeability, polyamide microcapsules-effect of mem- 
brane materials and viscosity of aqueous phase 0 Microcapsules. 
polyamide-permeation rate of electrolytes, effect of membrane 
materials and viscosity of aqueous phase 0 Electrolyte permeation 
through polyamide microcapsules-effect of membrane materials 
and viscosity of aqueous phase 


Permeability is one of the most important properties 
of microcapsules when they are used in the medical and 
pharmaceutical fields. However, only a few papers have 
been published on their permeability. Chang and Poz- 
nansky (1) measured the permeability of large nylon 
microcapsules (200-p mean diameter), suspended in 
saline solution, toward low molecular weight solutes 
labeled with radioisotope. The measurements were made 
at very early stages of the permeation, using a rapid 
mixing and sampling technique; the half-time for equili- 
bration of the solutes was less than 60 sec. Takamura 
et al. (2) studied the permeation rate of various electro- 
lytes through the membranes of polyphthalamide micro- 
capsules ( 2 - p  mean diameter) in  quasisteady state by 
means of conductometry, and they reported that the 
permeability constant for the electrolytes is of the order 
of lo-* cm./sec. The surprisingly low permeation rate 
was ascribed to the formation of a stable diffusion layer 
of the electrolytes in the interior of microcapsules. 


Although the works cited have thrown much light on 
the permeability of microcapsules, many uncertainties 
remain with regard to the fundamentals of the perme- 
ation process. Consequently, extensive work is needed to 
elucidate the detailed character of the process. This pa- 
per deals with the effects of membrane materials and the 
viscosity of the aqueous phase on the permeability of 
polyamide microcapsules toward electrolytes. 


EXPERIMENTAL 


Materials--The diamines used in this work were pphenylenedi- 
amine, piperazine, 2,5dimethylpiperazine, and l,&hexamethylene- 
diamine. Sebacoyl dichloride and p-phthaloyl dichloride were em- 
ployed as acid dichlorides. All of these chemicals were of reagent 
grade. Sodium chloride and sodium sulfate (analytical reagent grade) 
were used for permeability experiments without further purification. 
Polyvinylpyrrolidone (mol. wt. 360,000) was a commercial product. 


Preparation of Microcapsules-Polyamide microcapsules contain- 
ing water were prepared by the same method as that described earlier 
(2) by making use of the interfacial polycondensation reaction 
between diamine in the aqueous phase and acid dichloride in the 
organic phase. The polyamide microcapsules prepared from the 
diamines with the acid dichlorides were as follows: polyphenylene 
phthalamide, polyphthaloyl piperazine, polyphthaloyl2,5-dimethyl- 
piperazine, polyhexamethylene phthalamide, and polyhexamethyl- 
ene sebacamide microcapsules. All of these microcapsules were 
dialyzed in the same manner as already reported (2) and were dis- 
persed in deionized water containing 1 (v/v) polysorbate 20 as 
the dispersing agent. 


Polyphthaloyl piperazine microcapsules containing aqueous solu- 
tion of polyvinylpyrrolidone were prepared, dialyzed, and dis- 
persed in 1 polysorbate 20 solution in the same way as already 
mentioned. In some cases, polyphthaloyl piperazine microcap- 
sules containing aqueous polymer solution were dispersed in poly- 
mer solution containing 1 % polysorbate 20. 


Estimation of Permeability-As in the previous work (2), the 
permeability of microcapsules was estimated from the change in 
electrical conductance of the mixture of microcapsule dispersion and 
electrolyte solution in 1 


To 200 ml. of 0.05 N NaCl or NaSO, solution in a conductance 
cell immersed in a constant-temperature bath, 100 ml. of the micro- 
capsule dispersion previously kept a t  the same temperature was 
quickly added with stirring. The conductance reading was started 
shortly after mixing and was taken at  suitable time intervals. 


The electrical conductance measurements' were carried out at 
10 f 0.1 '. The stirring was continued throughout the measurements. 


The permeability constant for the electrolyte, P ,  was calculated by 
theequation: 


polysorbate 20 solution. 


(Eq. I )  


which was derived in the earlier work (2) based on Fick's first law 
of diffusion. In this equation, C,, C,. and Cj are the initial, inter- 
mediary (at time I ) ,  and final concentrations of electrolyte, respec- 
tively, in the dispersion medium determined by conductance meas- 
urements; V ,  is the total volume of microcapsules; and A is the 
total surface area of microcapsules. 


The validity of Eq. 1 can be checked by plotting log (Ct - C/)/ 
(C,  - C,) against time. I f  the plot gives a straight line, the equation 
strictly holds and the permeability constant can be evaluated from 
the slope of the line. 


The permeability constant thus obtained was converted to the 
apparent diffusion coefficient in the microcapsule membrane, D. by 
the following relation given in the previous paper (2): 


(Eq. 2) D = P A X  


where Ax denotes the membrane thickness. 


sule membranes was calculated by the equation: 
Estimation of Membrane Thickness-The thickness of microcap- 


w r  
dA AX = - (Eq. 3) 


where w is the weight of microcapsule membranes in unit volume of 
dispersion, assuming the complete reaction of diamine and acid 
dichloride; r is the experimentally determined percent reacted of 


1 Model CM-1DB conductance meter, Toa Electric Co.. Tokyo, 
Japan. 
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T W  I-Apparent Diffusion Coefficients for Electrolytes in 
Various Microcapsule Membranes 


Apparent Diffusion 
CoeBcients, 


-x 1014 cm.l/se+- 
Sodium Sodium 


Microcapsule Chloride Sulfate 


Polyphenylene phthalamide 2.6 2.6 
Polyphthaloyl piperazine 2.4 2.5 
Polyphthaloyl dimethylpiperazine 3.1 3.2 
Polyhexamethylene phthalamide 3.0 3.8 
Polyhexamethylene sebacamide 4.4 4.9 


diamine; d is the density of microcapsule membrane; and A is the 
total surface area of microcapsules in unit volume of dispersion. 


The percent reacted of diamine Was determined in the following 
way. Polyamide microcapsules were broken down by centrifugation, 
and a clear aqueous phase containing unreacted diamine was ob- 
tained. A 4-ml. portion of the aqueous phase was mixed with 3 ml. 
of 5 %  (v/v) p-dimethylaminobenzaldehyde solution and 1 ml. of 
15% (v/v) sulfuric acid solution in methanol, and the mixture was 
allowed to react at 60" for 10 min. The amount of diamine remain- 
ing unreacted was determined by measuring spectrophotometrically 
the absorption of colored complex formed between the diamine and 
pdimethylaminobenzaldehyde (3). The wavelengths of maximum 
absorption were 425, 415, and 500 nm. for the piperazine, 1.6- 
hexamethylenediamine, and pphenylenediamine complexes, re- 
spectively. The amount of 2,5-dimethylpiperazine could not be 
determined by this method, because this diamine did not react with 
pdimethylaminobenzaldehyde. Instead, 2,3-dinitrofluorobenzene 
was used as the coloring agent. That is, a 2-ml. portion of the aque- 
ous phase was mixed with an equal volume of 1.2% (v/v) 2,3-di- 
nitrofluorobenzene solution in methanol and 1 ml. of aqueous 0.1 
M NaHCOI solution, and the absorption at  3% nm. was measured 
spectrophotometrically (4). In all cases, the percent reacted of di- 
amine was calculated from its concentrations in the aqueous phase 
before and after microencapsulation. 


The microcapsule membranes obtained by breaking down poly- 
amide microcapsules through centrifugation were collected, washed, 
and dried under reduced pressure. The specific gravity of the dried 
sample was determined with a pycnometer. The density of the mem- 
branes was obtained by multiplying the specific gravity by the dens- 
ity of water. 
The total surface area of microcapsules was estimated in a way 


similar to that adopted in earlier works (5-7). 
Measurement of Viscosity-The viscosities of aqueous polyvinyl- 


pyrrolidone solutions containing sodium chloride or sodium sulfate 


-1.4 


3 
I 


I 


0 600 1200 1600 
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Figure 1-Plot of log (Ct - Cr)/(Ci - Cf) againsr rime for rhe enrry of 
sodium chloride into polyamide microcapsules. Key: microcapsules: 
17, polyphenylene phrhalamide; 0, polyphthaloyl piperazine; 0, 
pdyphrhaloyl dimethylpiperazine; A, pdyhexamerhylene phrhal- 
amide; and 0, pdyhexametliylene sebacamide. 


Tabk II-Characteristics of Polyamide Microcapsules 


Membrane Membrane Surface 
Density, Thickness, Area, 


Microcapsule g./cm. J A m.l/crn. J 


Pol yphen ylene 1.38 123 1.79 


Polyphthaloyl dimethyl- 1.35 166 2.03 


phthalamide 


piperazine 


phthalamide 


sebacamide 


Polyphthaloyl piperazine 1.37 133 2.12 


Pol yhexamethylene 1 .a 167 2.21 


Polyhexamethylene 1.14 224 2.15 


of the concentration at distribution equilibrium were measured 
with a viscometer' at 10 f 0.1 '. 


RESULTS A N D  DISCUSSION 


Fitfed of Membrane Materials-The distribution equilibrium of 
electrolytes was established within 2 hr. between the inside ahd out- 
side of all polyamide microcapsules studied in this work. 


Figure 1 shows the plot of log (CL - Cj)/(Ci - Cj) against time 
for the entry of sodium chloride into polyamide microcapsules, 
indicating the validity of Eq. 1 between 3 and 30 min. after mixing 
the electrolyte solution and microcapsule suspension. The electro- 
lyte entry into microcapsules proceeds in a quasisteady state since 
the permeation process is supposed to have been about 90% com- 
pleted at the time when the conductance measurement is started. 


The permeability constants for sodium chloride and sodium sul- 
fate calculated by Eq. 1 were always of the order of lo-* cm./sec. and 
were dependent on the membrane constituents. Table I lists the 
apparent diffusion coefiients in the microcapsule membranes con- 
verted from the permeability constants by means of Eq. 2. Inspection 
of the table reveals that the dflusion rate of the electrolytes is 
higher in the membranes conskting of polyamide molecules with a 
polymethylene chain than in those having an aromatic ring. 


Table I1 gives some characteristics of the polyamide microcap- 
sules. The data are useful in discussing the effect of the membrane 
constituent on the permeation rate of the electrolytes through the 
polyamide microcapsule membranes. 


As stated previously (2), polysorbate 20 molecules are undoubted- 
ly adsorbed on the polymer molecules constituting microcapsules, 


I I I I 
0 600 1200 ls00 


SECONDS 


Figure 2-Plot of log (C, - Cf)/(Ci - Cf) against time for the enrry of 
sodium chloride into pdyphthaloyl piperazine microcapsules in 
rhe presence of polyoinylpyrrdidone. Key (polyvinylpyrrdidone 
concenrration, x): 0,0.05; A, 0.10; and 0,0.15. 


1 Ostwald. 
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Table III-Effect of Viscosity of Microencapsulated and Inter- 
capsular Aqueous Phases on the Permeability Constants of Elec- 
trolytes for the Entry into Polyphthaloyl Piperazine Microcapsules 


Table IV-Effect of Viscosity of Microencapsulated Aqueous Phase 
on the Permeability Constants of Electrolytes for the Entry into 
Polyphthaloyl Piperazine Microcapsules 


~~~~~~ ~ 


-Permeability Constant, X l@ cm./sec.- 
Viscosity, cps. Sodium Chloride Sodium Sulfate 


1.31 1.78 1 .w 
1.43 1.72 1.76 
1.54 1.62 1.63 
1.68 1.50 1.50 


-Permeability Constants, X l@ cm./sec.- 
Viscosity, cps. Sodium Chloride Sodium Sulfate 


1.31 1.78 1.90 
1.43 1.69 1.74 
1 .54 1.64 1.57 
1.68 1.54 1.59 


thereby making the membranes hydrophilic. Consequently, sodium 
chloride and sodium sulfate are quite likely to diffuse through the 
interspace filled with water of polymer chains in a random arrange- 
ment of the membranes. It is then expected that the dimension of 
interspace of polymer chains greatly affects the diffusion rate of the 
electrolytes. Since polyamide molecules having polymethylene 
groups are more flexible than those with aromatic rings, the dimen- 
sion of interspace of polymer chains would be larger in polyhexa- 
methylene sebacamide and polyhexamethylene phthalamide micro- 
capsules than in polyphenylene phthalamide, polyphthaloyl pipera- 
zine. and polyphthaloyl dimethylpiperazine microcapsules. 


This situation is reflected in the densities of the microcapsule 
membranes shown in Table I1 and in the diffusion coefficients for 
sodium chloride and sodium sulfate given in Table I. It may be 
inferred, therefore, that the diffusion rate of electrolytes is lower in 
the microcapsule membranes of high density than in those of low 
density. 


The difference in the diffusion rate between sodium chloride and 
sodium sulfate would be caused either by the different hydration of 
chloride and sulfate ions or by the different electrostatic interaction 
of the two anions with polyoxyethylene chains of dispersing agent 
molecules adsorbed on the polyamide molecules of the microcapsule 
membranes. However, the former possibility is ruled out because 
the permeability constants for sodium sulfate are, in general, greater 
than those for sodium chloride, while sulfate ions are more strongly 
hydrated and consequently should diffuse more slowly than chloride 
ions in the interspace of polymer chains. This leads one to the second 
possibility. 


As described earlier (2), anions of higher valency are likely to 
interact more strongly than those of lower valency with weakly 
cationic polyoxyethylene chains of dispersing agent molecules ad- 
sorbed on the polymer molecules constituting microcapsules. As a 
consequence, there would be a richer accumulation of sulfate ions 
than chloride ions in the microcapsule membranes. This may result 
in the higher permeation rate for sulfate ions than for chloride ions. 


EIlects of V i d t y  of Aqueous Phase-Earlier (2), it was pro- 
posed that the diffusion of electrolyte in the interior of microcap 
sules is rate determining in the permeation process, because the for- 
mation of a stable diffusion layer of electrolyte is highly probable 
inside the microcapsules. If this is really the case, the viscosity of the 
microencapsulated aqueous phase would affect the permeation of 
electrolyte through the microcapsule membranes to a great extent. 


Figure 2 shows the effect of viscosity of microencapsulated and 
intercapsular aqueous phases on the rate of entry of sodium chloride 
into polyphthaloyl piperazine microcapsules. The viscosity was 
raised by dissolving polyvinylpyrrolidone in the aqueous phases. 


An increase in the viscosity clearly gives rise to a decrease in the 
rate of entry of sodium chloride. It is quite unlikely that polyvjnyl- 
pyrrolidone molecules are adsorbed on the membrane by competing 
with dispersing agent molecules and thus offer resistance to the 
entry of sodium chloride since the former molecules are far less 
surface active than the latter molecules. 


Table 111 lists the permeability constants for sodium chloride and 
sodium sulfate when both the microertcapsulated and intercapsular 
aqueous phases contain polyvinylpyrrolidone. Table IV gives the 
permeability constants for sodium chloride and sodium sulfate in 
the case where the polymer is present only in the microencapsulated 
aqueous phase. Comparison of the two tables indicates that the 
permeation rate of electrolytes strongly depends on the viscosity of 
microencapsulated aqueous phase. This would support the view that 
the diffusion of electrolyte in the microencapsulated aqueous phase 
is rate determining in the permeation process. The tables also sug- 
gest that the increase in the viscosity of the microencapsulated 
aqueous phase tends to diminish the difference in the diffusion rate 
in the microcapsule membranes between sodium chloride and so- 
dium sulfate. 
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Isoxazoles I: Protonation of 
Isoxazole Derivatives in Aqueous Sulfuric Acid 


RUBEN H. MANZO* and M. MARTINEZ de BERTORELLO' 


Abebrrd The protonation of 3-amino-Smethylisoxazole, 
5-amino-3,4dimethylisoxazole, sulfamethoxazole (N-sulfanil- 
amideS-methyl-3-isoxazole) , and sulfisoxazok (N'-sulfanilamide 
3.4-dimethyl-5-isoxIe) in aqueous sulfuric acid was studied. The 
~ K B H +  and log SH +/S or log SHt+*/SH + values were determined by 
U V  spectrophotometry. The data were treated by the acidity func- 
tion method and by the method of linear free energy relationships. 
The comparison of the correlations obtained and the basicity and 
the U V  spectra of the four compounds indicate that the process 
of protonation is the same in the amino and sulfonamide derivatives. 


KeyptvPses 0 Isoxazole derivatives-protonation in sulfuric acid. 
ionization ratios, log I correlated with Hammett's Ho function, U V  
spectrophotometry 0 Sulfisoxazole-protonation in sulfuric acid, 
ionization ratios. log I correlated with Hammett's Ho function, U V  
spectrophotometry 0 Sulfamethoxazole-protonation in sulfuric 
acid, ionization ratios, log Icorrelated with Hammett's Ho function. 
U V  spectrophotometry 


~ ~~ ~~ ~ 


It is well known that the derivatives of 3- and 5- 
aminoisoxazoles are found in their protonated form in 
mineral acid solutions. After the pKa values for these 
compounds were determined, the protonation site of the 
heterocycle was found to be the nitrogen atom, accord- 
ing to UV spectroscopic studies (1). 


Similar studies on the sulfonamide derivatives have 
not been done, nor are there any data about the be- 
havior of the ionization ratio I(SH+/S or SH2+'/SH+) in 
various conditions of acidity in the medium for the four 
compounds studied. 


This paper reports studies of the basicity and behavior 
of the ionization ratio I of these derivatives in connec- 
tion with the study of the isoxazole ring cleavage in 
mineral acid solutions (2). 


The fact that amino- and sulfonamidoisoxazoles are 
cleaved at the oxygen-nitrogen bond in hydrolytic 
reactions catalyzed by acids (3) and the importance in 
this type of reaction in determining the equilibrium 
existing between the basic substrate and the hydrogen 
ions of the medium led to a comparative investigation 
of the protonation equilibrium for these substrates. 
The equilibria considered were S + H+ S SH+ for the 
amino derivatives and SH+ + H+ SHl+* for the sul- 
fonamido derivatives. 


The determinations of the ionization ratio I were done 
using UV spectrophotometry by the indicator method 
(4), utilizing the difference in the spectra of the basic 
forms and their respective protonated forms. The data 
were evaluated by the Davis and Geissman ( 5 )  method 
for 5-amino-3,4-dimethylisoxazole (11) and the Alder 
et ul. (6) method for the remaining compounds. The 
acidity function method (7) was used to correlate the 
data of log I with Hammett's Ho function (plots of log 
I against -Ho). Correlations by the linear free energy 
method (8) were carried out for the sulfonamide deriva- 


tive (plots of -(log I + Ho) or -(log I - log [H+]) 
against -(log[H+] + H o ) ) .  


EXPERIMENTAL1 


Mabalds and Apprurrtus-Sulfisoxazole~ (IV) was a commercial 
USP product recrystallized from ethanol, m.p. 193-194". Sulfameth- 
oxazole' (111) was a commercial NF product recrystallized from 
ethanol-water (1 : 1). m.p. 165.5-166.5". SAmino-3,Qdimethylisoxa- 
mle(II) was prepared according t o  the method described(9) for other 
sulfonamides. Ten grams of sulfisoxazole was dissolved in 200 ml. 
glacial acetic acid and 25 ml. of acetic anhydride. The solution was 
boiled for 5 min., cooled, and diluted with 500 ml. of distilled water. 
A precipitate was formed. which was separated, dried, and s u b  
quently solubilized in 25 ml. of 40x (w/v) sulfuric acid and boiled 
for 3 min.; the solution was then cooled and alkalinized with a 
sufficient amount of 10% sodium hydroxide solution. This solution 
was extracted three times with 40 ml. of ether; the ethereal 
extracts, once combined and evaporated, yielded 3.2 g. of 11, which 
was recrystallized first from benzene and then from water, m.p. 
123.5-1 24.5 '. 


3-Amino-5-methylisoxle (I) was prepared in the same way and 
purified by successive vacuum sublimations up t o  a constant melting 
point of 6 0 6 1  ' I .  


Preparation of !Wutiom-The solutions of the purified com- 
pounds were prepared in distilled water (I and 11) and in 1 N sulfuric 
acid (111 and IV). The concentrations were designed so that when 
1.0 ml. of the solution was added to a 50-ml. volumetric flask filled 
to  the mark with sulfuric acid of known concentration, the final 
absorbance would be 0.2-0.8. 


The blank solutions were prepared in the same way as the sample 
solutions; but 1 ml. of water was added insteadof I or 11, and 1 
ml. of 1 N sulfuric acid was added instead of I11 or IV. 


Complete absorption spectra of 111 and IV were recorded over 
205-300 nm. Table I shows acidity conditions and characteristics 
of the spectra of these compounds. In all cases a substantial change 
in absorption occurred when acidity conditions were modified. 
After diluting the 22 N and 24 N acidic solutions of I11 and IV with 
distilled water, new spectra were obtained which were similar t o  
those corresponding to  lower acidity conditions (8 N). 
The wavelengths used for quantitative measurements were se- 


lected from comparative analysis of the spectra taken in extreme 
acidity conditions. For 11, wavelengths corresponding to  a &mum 
of the basic and protonated forms were selected; Table I shows the 
respective absorptivities. For the remaining compounds, five wave 
lengths were selected, taken symmetrically at the maximum band of 
the protonated form for I and the biprotonated form for I11 and 1V 
(Table I). 


Processing of Data-The Davis and Geissman (5) correction 
treatment for effects of the medium on I1 was used to ~ssess the val- 
ues of I obtained by the indicator method (4). The method' of 
Alder el d. (6) was applied to the remaining compounds. 


1 Melting points were determined in a meltingpoint apparatus devised 
by Dr. Tottoli. The values given are uncorrected. Spectrophotometric 
readings (UV) were made in a Hilger & Watts photoelectric spectro- 
photometer. The com lete UV absorption spectra were taken in a Cary 
14 recording spectroppotom&x. * Referred USAN chemical name is ~-(3,q-dimethyl-S-isoxazolyl)- 
sulfanilamide. * Referred USAN chemical name is N~-(S-rnethyl-3-isoxazolyl)sul- 
fanilamid:. 


4 Sulfunc acid (Carlo Erba G.R.) (96%, d 1.84) product was used. 
6 In every case, experimental data.that were correlated were adjus!ed 


by the method of least squares, gwmg them all tho same statatwd 
weight. 
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Table I-UV Spectra of Isoxazole Derivatives in Water and in Sulfuric Acid 


Sulfuric Acid 
-Water- -2N- d N -  -24N- -22N- 


Substrate A c h t x t X Q A t A Used., MI. 


- - 22a.5, 231, 233.5, 


- a, 263' 


- 240.5,243 


Ib  209c 6820 UQ 8 0 4 0 -  - - - 
236,238.5 2 4 4 c  8230 263' 13,800 - - - - - 


- - 233, 235.5 238, 
263' 5230 244' - - - 3990 2 G  13,600 2381 18,700 - - 238' - 2#)c 


- - - - - - IIb 


111 


IV 
- - 5950 - - - - 22oc - - 


- - - - - - 
~~ - - - - 264' 2 6 9 0 -  - 2641 11,400 257,260.5.264, 


'267.5, 271 


0 Wavelengths used for ionization ratio I determination. b A- and absotptivity were taken from Reference 1. c X-. 1 Ionization ratio determined by 
the Davis and Geissman (5) method. Absorptivity at Xau for the protonated form. 


Table II-Correlat!ons of log I uerws - If0 (Acidity Function) and (log I -log [H+]) versus -(log [H+] + Ho) (Linear Fne 
Energy Relationship) 


-Acidity Function Hots- 


I 0.86 0.46 0.995 
I1 1.02 1.03 0.998 


rIr 0.90 -3.81 0.997 0.12 - 3 .-52 0.9% 
IV 1.07 - 3 . 3 3  0.992 -0.08 -3.50 0.990 


-Linear Free Energy Relatiomhi- 
Substrate Slope Half-Protonated ro Slope 9 pKm + r PKBE *s 


- 00.47 - 1.16 
- - 
- - 


- 
- 


0 r is the regression coefficient. * The p K s ~ +  determined by the spectrophotometric method (1). 


Log I values obtained in this way were correlated with Ham- 
mett's Ho acidity function using values given by Bascome and B e l l 9  
(10) for I and II and Ryabova et of. (11) for 111 and IV. Table' I1 
gives parameters obtained from all correlations made. The value 
of Ho corresponding to the protonation s f  half of the compound is 
given in all cases. 


RESULTS AND DISCUSSION 
The U V  absorption spectra of the protonated forms of I, 11, and 


III  show a bathochromic shift of 20 nm. and an increase of the 
absorptivity with respect to the speclrum of the basic forms. With 
IV, the shift cannot be Seen due to the existence of a strong absorp- 
tion band with A- 220 nm.; however, the appearance of a bend 
with A, 264 nm. in 22 N sulfuric acid can be observed, similar to 
that of the corresponding aminoisoxazole 11. 


The plot of log I against - Ho for I is linear with a 0.86 slope. 
Consequently, the protonation process does not follow Hammett's 
acidity function, and the value of the intercept is not representative 
of the thermodynamic PKSH +(12).TheHovaluecorresponding tothe 
protonation halfway through the titration as a measure of the 
basicity of the compound is given in Table 11. Simila;behavior was 
observed with 111. 


For 11, log I against - Ho is a linear plot with unitary slope (1.02). 
The compound behaves like a Hammett base, and it is approxi- 
mately accurate to take log I value when Ho is extrapolated to zero 
as the PKsat, because ft satisfies the acidity function method postu- 
lates. Compound IV behaved in a similar manner, although the 
value of the slope ( 1.07) was somewhat above one. 


Compdunds Ill and IV both possess an aromatic primary amino 
group which, in the acidity conditions of these determinations, are 
completely in the protonated form; thus log I measurements cor- 
respond to a second protonation. Some research has been done on 
protonation of positively charged bases (13-17). On the whole, the 
behavior of this type of compound in media of considerable ionic 
strength does not differ appreciably from the behavior of neutral 
bases of a similar structure; nevertheless, the correlations made 
with Ho by the acidity function method are subject to the same 


To interpolate percent w/w values of sulfuric acid used in the deta- 
minations and to obtain the respective Ho values given by Bascome 
and Bell, given the curvature that resents Ho functions in that zone, 
this function was transformed into go (Ho - - log ho); it was proven 
that a more linear relationshlp exists between percent .w/w sulfuric acid 
and ho up to a concentration of S-lO% (w/w) than with Ho. 


limitations as the correlations having unitary slope. The correlation 
process by the linear free energy relationship method avoids these 
limitations. supplying a treatment that is appligbk to  any type of 
base@, 18). 


The linear free energy relationship method was applied to 111 
and IV; Table I1 lists the ~ K B H +  values Qbtahed. Rotonation of 
I and I1 cannot be determined by this method. 


The similarities existing in the changes in the UV spectra as a 
co11sequemx of protonation when I is compared with III and when 
I1 is compared with IV might indicate thst the nature of the pro- 
tonation process is the same in amino and sulfonamido derivatives. 
This similarity in behavior cah also be observed when comparing 
slopes obtained by the acidity function method between I (0.86) 
and III (0.90) and between II (1.02) and 1V ( 1.07). 


On the other hand, AH0 between half-protonation of I and 11 
is 0.57, a comparabk value t o  AH0 hetween half-protonation of 
111 and IV (0.48); AH0 between I and I11 (4.27) is comparabk to 
AH0 between 11 and IV (4.36). 


If the famino and fsulfonamido derivatives are compared to 
the Semino and Ssulfonamido derivatives, differences between 
slope values are outstanding (0.86, 0.90, and 1.02, l . W , . m ~  
tively). At present, considering the small number of denvatives 
studied, it would be rash to conclude that structural Weren~~ 
between Esulfonarnido and $sulfonamido derivatives are the fac- 
tors conducive to Merent relationships between activity'coeffi- 
cients (vSH+/$3 or -ySI-L+l/ySq+) for both types of derivatives. 
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Isoxamles 11: Kinetics and Mechanism of 
Degradation of Sulfisoxazole in Moderately Concentrated Acids 


RUBEN H. MANZO* and M. MARTINEZ de BERTORELLO‘ 


Abstract 0 The acid degradation of sufioxazole (N-sulfanil- 
amido-3,4-dimethyl-5-isoxazole) in hydrochloric acid solutions in 
concentrations from 1Q to 24% and at 108 f 0.1” was studied. 
Two parallel pathways of molecular degradation which lead simul- 
taneously to the formation of sulfanilic acid (pathway A) and sul- 
fanilamide (pathway B) as final products were determined. The 
isoxazolering isdegradedas much in the sulfisoxazole molecule(path- 
way B) as in the 5-amino-3,4-dimethylisoxazole (pathway A), leading 
to formation of 2-butanone and hydroxylamine (and ammonia in 
the latter case) as final products. Both degradative pathways show 
pseudo-first-order kinetics. A study was also made of how the 
reaction rates are affected with the acid concentration. Degradative 
pathway B prevails at low acid concentrations and can be associated 
with a mechanism in which water participates in the rate-deter- 
mining step; degradative pathway A prevails at higher acid concen- 
trations and the mechanism implies nonparticipation of water in the 
rate-determining step. 


Keyphrases 0 Sulfisoxazole-kinetics and mechanism of acid deg- 
radation. ionization ratios 0 Isoxazole derivatives-kinetics and 
mechanism of acid degradation of sulkoxazole, ionization ratios 0 
Degradation-sulfkoxazole in hydrochloric acid solutions, rates, 
mechanisms, ionization ratios 


The isoxazoles form a group of heterocycles that may 
be characterized by their chemical behavior; they exhibit 
properties that are typical of aromatic systems and also, 
under certain conditions, show ring lability, particularly 
at the oxygen-nitrogen bond (1). 


At present, more attention is paid to the investigation 
of the mechanism of chemical reactions under eXtreme 
conditions (high and low temperatures, high and low 
pressures, effects of radiation, ezc.); available data show 
that under such conditions the course of reactions often 
becomes uncommon. 


Based on these findings and on some experimental 
data obtained in this laboratory, it appeared interesting 


to perform a thorough study of the cleavage reactions 
of the isoxazole ring in strong acid solutions and at 
high temperatures. These studies may contribute more 
basic information on the stability of the ring, especially 
since data related to the problem are quite scarce (I). 
Moreover, since numerous derivatives of the isoxazole 
ring have pharmacological properties (2), the impor- 
tance of the conditions and mechanism by which these 
heterocycles are degraded is greatly increased. 


This paper presents the results of a study of the in- 
fluence of hydrochloric acid concentrations and high 
temperatures on the hydrolytic degradation of one 
isoxazole derivative: sulfisoxazole’ (N-sulfanilamido-i 
3,4dimethyl-5-isoxaole). 


EXPERIMENTAL’ 


Materials-All of the solvents used were commercial products. 
purified by the usual techniques. Hydrochloric acid, sulfuric acid, 
and sodium 8-naphthoquinone-4-sulfonate were analyticalJ reagent 
grade. 2,4-Dinitrophenylhydrazine‘ was recrystallized from meth- 
anol. Sulfkoxazole USPL was recrystallized from ethanol, m.p. 
193-194”. 5-Amino-3,4-dimethylisoxazole was prepared ac- 
cording to the method described (3) for other sulfonamides: 10 g. 
of sulfmxazole was dissolved in 200 ml. of glacial acetic acid and 
25 ml. of acetic anhydride. The solution was boiled for 5 min., 
cooled, and diluted with 500 ml. of distilled water. A precipitate 


1 Preferred USAN chemical name is N*-(3.4-dimethyl-5-isoxazolyl)- 
sulfanilamide. 


‘Melting points were taken on a melting-point apparatus (Dr. 
Tottoli) and are uncorrected. The IR spectra were run on a Beckman 
IR 8 spectrophotometer in potassium bromide pellets. UV measure- 
ments were made in a Hilger & Watts H.700.308 spectrophotometer, 
usin quartz cells 1 cm. thick. The complete absorption spectrum in 
the b V  region was taken in a Cary 14 recording spectrophotometer. 
Absorbance measurements in the visible region were made in a Bausch 
& Lomb ectrophotometer. ’ 


8 Carlo%ba G.R. 
Merck & Co. 


6 SOCRAM. 
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not added directly to  food but which come into contact with food, 
shch as food processing aids. Also, monographs for a number of 
substances that are not considered “chemical additives” in the con- 
ventional sense have been included, such as masticatory substances. 


Specifications set forth in this publication were developed with 
the cooperation of individual suppliers of food-grade chemicals 
and with industrial trade organizations. 


The Food Chemicals Codex was given official recognition by the 
U. S. Food and Drug Administration when the “Definitions and 
Procedural and Interpretative Regulations,” relating to the eligibil- 
ity of substances for classification as generally recognized as safe 
(ORAS), were revised and published in the Federal Register on 
June 25,1971. 


Supplements to the Codex are issued annually and sent to all 
holders of the book at  no charge. 


SfaffReuiew W 


WHO Expert Committee on SpedAcations for Pharmaceutical 
Preparations, Twenty-fourth Repart. World Health Organization 
Technical Report Series. World Health OrganiZation, Geneva, 
Switzerland (available from American Public Health Association, 
Inc., 1015 18th St., N.W., Washington, D c  20036). 1972.60 pp. 
16 X 24 cm. Price $1.9. 
This report provides a review of the work necessary relative to a 


general revision of the “International Pharmacopoeia,” intema- 
tional reference standards, and new monographs. Three annexes 
cover 33 new monographs, amendments to manufacturing prac- 
tices, and a modified method for the. determination of morphine in 
opium, respectively. 


Staff Reuiew W 


Carboa-FIuahe Compounds: chemieby, Biochemistry & Biological 
A c t i d k  A Ciba Fouhdation Symposium. Associated Scientific 
Publishers, 52 Vanderbilt Ave., New York, NY 10017, 1972.417 
pp. 16 X 24cm. 
The proceedings of this symposium, held in September 1971, 


represent an interdisciplinary approach to carbon-fluorine chem- 
istry. Topics covered in this volume include a review of the reac- 
tivity of the carbon-fluorine bond and its physical characteristics, 
the toxic effects of carbon-fluorine compounds (particularly the. 


fluoroacetates and fluorocitrates), and the role of fluoro analogs in 
protein biosynthesis or inhibition, 


The syllthesis of fluorocarbohydrates and their physiochemical 
properties are discussed. Of possible particular interest to the 
pharmaceutical scientist are the discussions of the metabolism, 
transport, and increasing use of NMR properties of fluoroanalogs 
for binding studies and structural identification of macromolecules. 
The involvement of fluoronucleotides in modifying nucleic acid 
synthesis and its relevance to virus replication are also covered. 
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Biological and Phytochemical Evaluation of Plants XII: 
Isolation of Acetylakuammidine from 
Aspidosperma quebracho-blanco Leaves 


R. L. LYON, H. H. S. PONG', and N. R. PARNSWORTH 


Abstract 0 A continuing investigation of the leaves of Aspidosperma 
quebraclro-blairco Schlecht. (Apocynaceae) has resulted in the isola- 
tion of natural acetylakuammidine, in addition to the previously 
reported alkaloids aspidospermine and quebrachidine. Methods 
used for the isolation and characterization of these bases are 
described. 


Keyphrases 0 Aspidospermci qiiebrucho-blciirco Schlecht. ( A p e  
cynaceae) leaves-biological and phytochemical evaluation, isola- 
tion of acetylakuammidine 0 Acetylakuarnmidine-isolation from 
Aspidosperma yuebracho-blunco leaves 0 Phytochemical evalua- 
tion-Aspidosperma yiiebruclro-bluiico leaves, isolation of natural 
acetyla kuarnmidine 


In a previous article, the isolation of aspidospermine, 
quebrachidine, (-)-pyrifolidine, akuammidine, and 
rhazinilam from the leaves of Aspidosperma quebrucho- 
blunco was reported ( I ) .  Rhazinilam, a new type of 
alkaloid from the Apocynaceae, was subsequently 
studied and its structure was solved by X-ray crystal- 
lography (2). An investigation of the chloroform- 
soluble Fraction C, currently reported, has yielded 
acetylakuammidine, as well as additional large quanti- 
ties of aspidospermine and quebrachidine. Until now, 
acetylakuammidine (I) has only been prepared syn- 
thetically (3). 


EXPERIMENTAL 


Preparation and Chromatography of Alkaloid Fraction--Two 
hundred grams of the alkaloid Fraction C ( I )  was dissolved in 
ether and partitioned four times with two volumes of 10% acetic 
acid. The acid solution was separated, evaporated in imuo to re- 
move entrained ether, and placed into five cellulose dialysis tubes, 
each 100 X 2.65 cm. The tubes, each containing 600 ml. of the acidic 
alkaloid solution, were suspended in a 9 X I 1  5-cm. glass column, 
with distilled water being perfused at a rate of Is0 ml./hr. at 5". A 
total of 9 1. of the dialysate was collected. made alkaline with 
ammonium hydroxide, and extracted with ether. The ether extract 
was dried over anhydrous magnesium sulfate, and 40.0 g. of aspido- 
spermine was obtained by direct crystallization of the fraction. It 
corresponded in all respects with a reference sample of aspido- 
spermine previously isolated from this plant. Removal of the ether 
from the alkaloid mother liquor yielded 75.0 g. of residue, which was 
chromatographed over a column of 3.2 kg. of silica gel PFZS, as 


I 


previously described (l), using a solvent mixture of benzene+thyl 
acetate-95 ethanol (2: 2: 1). 


Isolation of Acelylakuammidine-Using methanol as  the solvent, 
0.327 g. of an alkaloid was obtained as colorless prisms from frac- 
tions 48-56 from the column. Concentration of the mother liquor 
yielded an additional 0.073 g. of the same alkaloid. Recrystalliza- 
tion of the pooled crystals from methanol afforded an analytical 
sample which sublimed at 245", and the sublimate subsequently 
melted at 278-279" dec. The isolate exhibited [a]: + 13" (c 1.0, 
chloroform), and its UV spectrum in methanol exhibited absorp- 
tions at An,nx 225 (log c 4.80). 278 (4.06). and 291 (3.%) nm., which 
were indicative of a tetrahydro-j3-carboline base. The IR spectrum 
(KBr) resembled that of akuammidine except for the presence of the 
acetate absorptions (1735 and 1260 cm.-I). The mass spectrum re- 
vealed a molecular ion at m/e 394 (CIIH~ONZO~), and the frag- 
mentation pattern of ionic species at m/e 168,169,182,249,321, and 
335 confirmed the presence of the akuammidine nucleus. The 
base peak at m/e 335 conforms to the M - 56 fragment reported for 
acetylakuammidine (akuammidine acetate) (3). A mixed melting- 
point determination with a reference sample of synthetic acetyl- 
akuammidine' showed no depression, and the IR spectra of the 
isolate and the reference samples were superimposable, thus con- 
firming the identity of the isolate as acetylakuammidine (I). 


Isolation of Aspidospennine and Qwbrachidine-Fractions 63-72 
and 73-100 from the column yielded 1.59 and 2.50 g., respectively, 
of aspidospermine from methanol, whereas fractions 131-200 
afforded 0.81 g. of quebrachidine from the same solvent. Identifica- 
tion of these bases was made by comparison of their physical data 
with those of reference samples. 


SUMMARY 


Acetylakuammidine, quebrachidine, and aspidospermine have 
been reported isolated from the leaves of Aspidosperma quebracho- 
blairco. This is the first report of the natural Occurrence of acetyl- 
akuammidine' in nature. 
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Relationship between CNS Depressant and Enzyme Inhibitory 
Properties of Substituted Quinazolone 1,3,4-Oxadiazoles 


J. P. BARTHWAL, S. K. TANDON, V. K. AGARWAL, K. S. DIXIT, and SURENDRA S. PARMAR' 


Abstract 0 Substituted quinazolone 1,3,4-oxadiazoles were syn- 
thesized and evaluated for their MA0 and acetylcholinesterase 
inhibitory activity. These compounds were also screened for their 
anticonvulsant activity, reserpine reversal response, and analgesic 
activity. Anticonvulsant activity of these compounds against 
pentylenetetrazol-induced seizures was related to some extent to 
their MA0 and acetylcholinesterase inhibitory properties. 


Keyphrases 0 Quinazolone 1,3,4-oxadiazoles-synthesis, anti- 
convulsant and analgesic activity, relationship to MA0 and 
acetylcholinesterase inhibition 0 1,3,4-Oxadiazoles, quinazolone- 
synthesis, anticonvulsant and analgesic activity, relationship to 
MA0 and acetylcholinesterase inhibition 0 Anticonvulsant activ- 
ity-synthesis and evaluation of quinazolone 1,3,4oxadiazoles 0 
MA0 inhibitors-synthesis and evaluation of quinazolone 1,3,4- 
oxadiazoles 0 Acetylcholinesterase inhibitors-synthesis and eval- 
uation of quinazolone 1,3,4-oxadiazoles 


Anticonvulsant (1) and hypnotic (2) properties ex- 
hibited by quinazolones and the specific inhibition of 
MA0 [E.C. 1.4.3.4 monoamine Or oxido reductase- 
(deaminating)] by 1-isonicotinoyl-2-isopropylhydrazine 
(3) prompted the synthesis of substituted quinazolone 
hydrazides as MA0 inhibitors (4, 5).  Furthermore, the 
ability of substituted 1,3,4-oxadiazoles to exhibit anal- 
gesic (6, 7), anti-inflammatory, antipyretic (8,9), muscle 
relaxant (9), and CNS depressant activities (10, 11) led 
us to synthesize substituted quinazolone 1,3,4-oxadi- 
azoles. In the present study, attempts were made to 
correlate pharmacological properties exhibited by these 
compounds with their ability to inhibit M A 0  and acetyl- 
c holinesterase. 


CHEMISlRY 


The various substituted quinazolone 1,3,4oxadiazoles were 
synthesized by the route outlined in Scheme 1. Acetanthranils (11) 
were synthesized by refluxing 1 mole of the appropriate anthranilic 
acid (I) with 2 moles of acetic anhydride. Quinazolone esters (1V) 
were synthesized by heating equimolar quantities of appropriate 
acetanthranils (11) and ethyl glycine ester (Ill). Quinazolone hy- 
drazides (V) were synthesized by refluxing a mixture of quinazolone 
esters (IV) and hydrazine hydrate. Substituted quinazolone thio- 
semicarbazides (VI) were prepared by refluxing the appropriate 
hydrazidc (V) with a suitable arylisothiocyanate in ethanol. These 
quinazolone thiosemicarbazides were cyclized into substituted 
quinazolone I ,3,4-oxadiazoles (V11). 


EXPERIMENTAL 


Melting points were taken in open capillary tubes and are un- 
corrected. 


Anthranilic Acids (1)-The method of Atkinson and Milton (12) 
was used for the synthesis of Schloro- and 3,5-dichloroanthranilic 
acids. 5-Bromoanthranilic acid was prepared by the method of 
Wheeler and Oats (13), while 54odoanthranilic acid was synthesized 
following the method of Klemme and Hunter (14). 


Acetanthranil (11)-Appropriate anthranilic acids (1 mole) were 
refluxed with acetic anhydride (2 moles) for 1 hr. After excess acetic 
anhydride was distilled off, the acetanthranil that separated out as 


a solid mass was dried quickly and used without further purification. 
Ethyl GlycineEster.(III)-This ester was prepared by following the 


method of Kuprozewski and Sokolowaska (1 5).  
Quinazolone Esters (1V)-Equimolar quantities (1 mole) of the 


appropriatea cetanthranil and ethyl glycine ester were heated directly 
to yield the desired esters, which were recrystallized from ethanol 
(Table I). 


Quinazdone Hydrazides (V)-A mixture of the appropriate 
quinazolone ester (0.1 mole) and hydradne hydrate (98%) (0.12 
mole) was refluxed in absolute ethanol for 6-8 hr. On removing the 
excess solvent, the quinazolone hydrazides that separated out were 
filtered and recrystallized from ethanol (Table I). 


Quinazolone Thiosemicarbazides (M)-Equimolar quantities of 
hydrazides and arylisothiocyanate (0.01 mole) were refluxed in 
ethanol for 3-4 hr. The solution was cooled to obtain correspond- 
ing thiosemicarbazides, which were recrystallized from suitable 
solvents (Table 11). 


Quinezolone 1,3,4-Oxadiazdes (VI1)-The quinazolone thiosemi- 
carbazides were cyclized into quinazolone 1,3,49xadiazoles by 
following the method of Silberg and Cosma (16). To a cold ethanolic 
suspension of an appropriate thiosemicarbazide (0.01 mole) was 
added 5 ml. of 4 N NaOH solution, followed by 5 %  solution of 
iodine in potassium iodide which was gradually added to the clear 
solution with stirring until the color of iodine persisted at room 


Scheme I 
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Table ISubstituted Quinazolone Esters and Hydraides k 
-Analysis, %- 


Compound Molecular Formula -Nitrogen- 
Number RI R1 R3 Melting Point Yield, % (Molecular Weight) Calc. Found 


1 H H COOGHr, 130-131" 
2 H H CONHNHz 261 O 


3 CI H COOGH:, 80 


11.38 11.21 
24. I3 23.80 
9 .97  9 .53  


4 CI H CONHNH? 260 O 50 21.01 20.61 
5 B i  H COOCiH, 81 
6 Br H CONHNH, 248 a 


7 I H COOGHr, 108" 
8 I H CONHNH, 265 O 


9 c1 CI COOCzHs 160" 
10 CI CI CONHNHi 275 a 


11 Br Br COOGHS 175' 
12 Br Br CONHNHZ 285 a 


70 
60 
70 
50 
60 
55 
70 
50 


8.61 
18.00 
7 .52  


18.43 
8 .88  


18.60 
6 .93  


16.92 


8 .24  
17.60 
7.31 


18.21 
8 .56  


18.32 
6 .72  


16.75 


Table II-Substituted Quinazolone Thiosemicarbazides R, 


Compound Crystallization Molecular --Analysis, %-- 
Number RI R2 R3 Solvent Yield, % Melting Point Formula Calc. Found 


13 H H  


14 H H  


15 H H  


16 Br H 


17 Br H 


18 c1 CI 


19 CI CI 


20 CI CI 


Ethanol 


Ethanol 


Ethanol 


Ethanol 


Ethanol 


Acetic acid 


Ethanol 


Acetic acid-ether 


60 


65 


70 


55 


60 


70 


65 


70 


21 7-21 8 


226228 


219-220" 


234-235 O 


235-237" 


290-292 ' 
dec. 


260-265 O 


dec. 


284-286" 


C 59.84 
H 4.98  
N 18.37 
C 59.84 
H 4.98  
N 18.37 
C 57.42 
H 4 . 7 8  
N 17.63 
C 49.56 
H 3.91 
N 15.22 
c 47.90 
H 3.78 
N 14.61 
C 50.66 
H 3.77  
N 15.56 
C 50.66 
H 4.77  
N 15.56 
C 48.92 
H 3 .64  
N 15.02 


59.97 
5.09 


17.89 
59.87 


5 .12  
17.76 
57.37 
5.14 


17.94 
49.88 


4 .12  
14.95 
48.47 


4 .12  
14.42 
50.35 
3.87 


15.39 
50.42 
4 .33  


15.32 
48.65 
4 . 1 2  


14.95 


temperature. The contents were then refluxed on a steam bath, and 
more iodine solution was added until a slight excess of iodine re- 
mained. The reaction mixture was cooled and poured into 500 ml. 
of icecold water. The solid masses that separated out were filtered, 
washed with water and then with carbon disulfide, and recrystallized 
from suitable solvents (Table 111). 


BIOCHEMICAL STUDIES 


In F'itro Determination of MA0 Activity-MA0 activity of rat 
liver homogenate was determined spectrophotofluorometrically 
using kynuramine as the substrate (17). The enzyme activity was 
determined by measuring the Chydroxyquinoline formed during 
oxidative deamination of kynuramine. The reaction mixture, in a 
final concentration of 3 mi., consisted of 83 mM phosphate buffer 
(pH 7.4) and 1 ml. of the liver homogenate (10% w/v). Water, 
kynuramine, and the test compounds were added to adjust the 
final volume to 3.0 ml. The reaction was conducted in test tubes, 
and incubations were carried out at 37' for 30 min. After incuba- 


tion, 2 ml. of 10% trichloroacetic acid (w/v) was added to each test 
tube and the precipitated proteins were removed by centrifugation. 
Suitable aliquots of the supernate, taken in 1 N NaOH solution, 
were assayed for 4-hydroxyquinoline fluorometrically in a spectro- 
photofluorometerl, using activating light of 310 nm. and measuring 
fluorescence at the maximum of 380 nm. An increase in absorbance 
provided a direct measurement of 4-hydroxyquinoline as an index of 
kynuramine utilization and. consequently, of MA0 activity. A de- 
crease in kynuramine utilization in experiments containing the test 
compounds was used to calculate the degree of MA0 inhibition. 
In Vitro Determination of Acetylchollnesterase Activity-Acetyl- 


cholinesterase activity was determined colorirnetrically, using 
acetylthiocholine iodide (0.01 5 M )  as the substrate, according to the 
method of McOskar and Daniel (18). The reaction mixture in final 
concentration consisted of 43 mM tromethamine buffer (pH 7.4), 
350 mMsodium chloride, and 0.3 ml. brain homogenate (10% w/v). 


I Aminco-Bowman. 
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TaMe 111-Substituted Quinazolone 1,3,4Oxadiazoles 


Compound Molecular -Analysis, %-- 
Number RI Rr Ra Yield, % Melting Point Formula Calc. Found 


21 H 


22 H 


23 H 


24 Br 


25 Br 


26 CI 


21 CI 


28 CI 


H 


H 


H 


H 


H 


c1 


c1 


CI 


50 


45 


50 


45 


55 


45 


50 


40 


180-182 O 


210-21 1 O 


207-209O 


1 23-1 29 O 


222-224 a 


203 O 


249-250" 


213-215" 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 


65.70 
4.89 


20.17 
65.70 
4.89 


20.97 
62.55 
4.68 


19.29 
53.51 


3.75 
16.43 
51.58 


3.62 
15.84 
54.80 


3.60 
16.83 
54.80 


3.60 
16.83 
52.77 
3.47 


16.20 


65.61 
5.44 


19.80 
65.55 
4.84 


19.69 
62.75 
4.89 


18.80 
53.64 
4.08 


15.97 
51.25 


3.84 
15.35 
54.56 
4.10 


16.35 
55.00 


3.98 
16.31 
52.71 
3.64 


15.76 


Water and acetylthiocholine were added to adjust the final volume to 
2.0 ml. The reaction mixture, with or without inhibitor, was incu- 
bated at constant temperature (37") for 10 min. prior to the addition 
of acetylthiocholine. The incubation was continued for 10 min. 
more subsequent to the addition of the substrate. The reaction was 
stopped by the addition of 0.5 ml. of 25% (w/v) trichloroacetic 
acid, and the resultant solution was centrifuged for 5 min. a t  SOOX 
g .  An aliquot of the clear supernate was withdrawn, and the enzy- 
matically formed thiocholine content was determined colorimetri- 
cally. Each assay was done in triplicate, and tissue and substrate 
blanks were substracted to give the actual value for the hydrolysis 
of acetylthiocholine. Results are expressed as changes in absorbance/ 
100 rng. fresh tissue/lO min. 


PHARMACOLOGICAL STUDIES 


Toxicity-The approximate 50% lethal dose (LDs) was deter- 
mined in albino mice by the method of Smith (19). The dose of each 
compound was taken as one-fifth of its observed LDso in an at- 
tempt to evaluate it in its effective therapeutic range. The test com- 
pounds were administered to each group of 10 mice orally in 5 %  
gum acacia. 


Reserpine Reversal Test for In V i m  Determination of M A 0  
Inhibitory Activity-Reserpine was administered intraperitoneally 
in a dose of 5 mg./kg. after 3 hr. In the control group of mice, with- 
out pretreatment of drugs, reserpine always produced sedation, 
ptosis, and miosis. In animals treated with phenelzine and pargyline, 
the well-known MA0 inhibitors, administration of reserpine caused 
excitation, piloerection, mydriasis, and increased motor activity. 
Failure to produce the reserpine reversal response by the test com- 
pounds indicated that the compound was inactive in producing in 
civo MA0 inhibition. 


Anticonwlsant Activity-The anticonvulsant property was deter- 
mined in albino mice of either sex, weighing between 20 and 30 g., 
divided into groups of 10; the group weights were kept equal as far 
as possible. One group of 10 animals was used as the control. The 
test compounds were suspended in 5 aqueous gum acacia and were 
fed orally 3 hr. prior to subcutaneous injection of pentylene- 
te t rad*,  80 mg./kg., under the loose skin of the back. This dose of 


* Metrazol. 


pentylenetetrml caused convulsions in almost all of the normal 
control group of animals. The animals were observed for 60 min. 
for the occurrence of seizures; an episode of clonic spasm persisting 
for a t  least 5 sec. was considered a threshold convulsion. Animals 
not exhibiting even a threshold convulsion during 60 min. were 
considered protected. The number of animals protected in each 
group were recorded. Transient intermittent jerks or tremulousness 
were not taken into account. Phenelzine and pargyline were used 
for comparison. 


Analgesic Activity-Mouse Tail-Pinch Test-Morphine-like anal- 
gesic activity was tested by the mouse tail-pinch method (20). 
An artery clip, with branches enclosed in a thin rubber tube, was 
applied to the root of the tail of a mouse for 30 sec. The animals 
made continuous attempts to remove the noxious stimulus by 
biting the clips. Mice were administered test compounds by the 
intragastric route 3-4 hr. prior to the application of the artery 
clips. The insensitivity to the noxious stimulus was taken as the 
positive response, and the results were expressed as percentage of 
mice showing analgesic activity. Morphine hydrochloride was used 
as a reference standard for comparing the effective analgesic prop- 
erty of these compounds. 


Writhing Test-Aspirin-like analgesic activity of the test com- 
pounds was investigated by their ability to protect a painful writhing 
syndrome. This syndrome is characterized by abdominal torsion, 
drawing up of hind limbs to the abdominal wall, marked contrac- 
tion of the abdominal area, and periodic arching of the back to 
rub the abdominal wall on the glazed surface on which the mouse 
was kept. It was consistently produced by intraperitoneal injection 
of 2 mcg. aconitine (100% effective dose) per mouse weighing 20- 
25 g. The test compounds were given 3 hr. before the induction of 
the writhing test. The typical response appeared within 5 min. after 
injection of aconitine and persisted up to 15-20 min. The mice were 
observed for 30 min., and results are expressed as percent of mice 
showing protection. Aspirin was taken as a standard reference drug 
for comparison. 


RESULTS AND DISCUSSION 


The test compounds exhibited low in vitro MA0 inhibitory ac- 
tivity (Table IV) as compared to the 78% inhibition produced by 
phenelzine and pargyline when used at final concentrations of 
1 X 1W6andl X 10-6M,respectively. 
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Table IV-Biochemical and Pharmacological Studies of Substituted Quinazolones, Substituted Quinazolone Hydrazides. 
Thiosemicarbazides, and 1,3,40xadiazoles 


~ 
~~ ~ 


Anti- Analgesic Activity 
Antiacetylcho- convulsant Aconi tine 


linesterase Activity Reserpine Writhing 
Tail- Response Compound -----MA0 Inhibition, %- Activity, LDjo, Dose, Protection, Reversal 


Number' 6 X IO-' M 3 X lo-' M 3 X lo-* M mg./kg. mg./kg. z3 Response Pinch Test, 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


21 
22 
23 
24 
25 
26 
27 
28 


m 


- 
- 


Nil 
Nil 
16.52 
22.64 
Nil - 
Nil 
25.80 
19.42 
34.88 - 
38.70 __ 
25.80 - 
47.81 - 


- 
- 


- 
- 
- 


- 77.26 
- 72.29 
- 78.45 
- 82.22 
- 80.09 
- 69.55 
- 69.38 
- 73.28 
- 41.91 
- 56.89 
- 56.28 
- 21.12 
- 45.10 
- 23.21 


- 36.20 
Nil - 


40.53 
Nil 
10.53 
Nil 
26.32 
15.79 
44.73 
23.68 
39.47 
21.05 
26.32 
21.05 
68.42 
44.73 
47.37 
63. I5 
42.10 
57.89 
42.10 
42.10 
21.05 
57.89 
21.05 
52.63 
44.73 
57.89 
67.89 
52.63 


800 160 
800 160 
800 160 
800 160 


800 160 
400 80 
400 80 


1600 320 


400 80 
400 80 


800 160 


400 80 


400 80 
1600 320 
800 160 


400 80 
800 160 
400 80 


1600 320 


1600 320 
1600 320 


1600 320 


1600 320 


1600 320 


1600 320 
1600 3m 


1600 3m 
1600 320 


10 
10 
20 
20 
10 
20 
20 
30 
30 
50 
30 
40 
50 
50 
60 
50 
50 
70 
50 
50 
30 
60 


40 
50 
50 
30 
70 


m 


(-) 
(-1 
(-1 
(-3 
(-1 
(-1 
(-) 


Slight stimulation 
Slight activity 


(-) 
(-1 


Slight stimulation 
(-) 
(-1 


Slight stimulation 
(-3 


Slight activity 
Slight stimulation 


(-) 
Slight stimulation 


(-1 
(-1 


Slight stimulation 
(-) 


Slight activity 
(--) 
(y) 


Slight stimulation 


Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


20 
Nil 
Nil 
20 
Nil 
20 


20 
20 
Nil 
Nil 
80 
40 
Nil 
40 


Nil 
Nil 
40 
20 
20 


Nil 
Nil 
Nil 
Nil 
40 
20 


m 


m 


m 


4 Compound numbers are as recorded in Tables I, 11, and 111. 


As is evident from Table IV, acetylcholinesterase inhibitory 
properties of substituted quinazolone hydrazides were lower than 
those of their corresponding esters. Attachment of a halogen 
substituent at position 6 or 8 of the quinazolone nucleus in no way 
reflected any basis for their structure-activity relationship with re- 
spect to their ability to inhibit M A 0  and acetylcholinesterase. 
However, the anticonvulsant activity exhibited by quinazolone 
hydrazides, as reflected by the protection observed against pen- 
tylenetetrazol-induced convulsions, was found to be more than that 
observed with the corresponding quinazolone esters. The anticon- 
vulsant activity of phenelzine and pargyline, used for comparison, 
was found to be 50% at a dose of 30 mg./kg. under similar experi- 
mental conditions. Most of the quinazolone esters and quinazolone 
hydrazides were devoid of reserpine reversal response. These re- 
sults thus indicated their weak in oioo MA0 inhibitory activity. 
Furthermore, a number of compounds in the group of quinazolone 
thiosemicarbazides and I ,3,4-oxadiazoles exhibited slight stimula- 
tion on administration of reserpine which, however, was found to 
have no relationship with their MA0 inhibitory potency. Com- 
pounds 16, 19, and 22 showed over 50% inhibition but were devoid 
of reserpine reversal response, while slight stimulation on administra- 
tion of reserpine was observed with compounds possessing a low 
MA0 inhibitory property (Compounds 7,8,12, and 28). 


The results in Table IV show that a large number of compounds 
provided protection against aconitine-induced writhing response 
where 2-methyl-6,8-dibromo-3~acetylhydrazino)-quinazolone 
(Compound 12) exhibited appreciable analgesic activity of 80%. 
None of these quinazolone esters, hydrazides, thiosemicarbazides, 
and 1,3,4-0xadiazoles gave a positive response when tested for their 
morphine-like analgesic activity by the tail-pinch method; the 
standard reference drug, aspirin, showed 80% protection when ad- 
ministered at a dose of 40 mg./kg. Such analgesic activity warrants 
further detailed investigation for the possible usefulness of this 
compound as a nonsteroidal, anti-inflammatory agent. In addition, 
the high LDjo values observed with thesecompounds reflected their 
low toxicity. 


Conversion of the quinazolone hydrazides into the corresponding 
quinazolone thiosemicarbazides resulted in increased MA0 and 
acetylcholinesterase inhibitory potency. Significant MA0 inhibition, 
ranging from 69.38 to 82.22%. was observed with these substituted 


quinazolone thiosemicarbazides even at half of their concentration 
of 3 X lo-' M as compared to 6 X lo-* M used for substituted 
quinazolone esters and hydrazides (Table IV). (Compare Corn 
pounds 1 and 2 with 13. 14, and 15; 5 and 6 with 16 and 17; and 9 
and 10 with 18, 19, and 20.) Greater inactivation of MA0 
and acetylcholinesterase was similarly observed with substituted 
quinazolone 1,3,4-oxtldiazole as compared to the corresponding 
quinazolone esters and hydrazides which, however, were less potent 
than the quinazolone thiosemicarbazides. Although these results 
indicated the greater sensitivity of the quinazolone thiosemicarb- 
azides to inhibit MA0 and acetylcholinesterase than the correspond- 
ing substituted quinazolone hydrazides and quinazolone 1,3,4- 
oxadiazoles, no clearcut relationship of their enzyme inhibitory ef- 
fects as a function of their chemical structure could be observed. 
These results also failed to provide similarity of substituted quin- 
azolone esters, hydrazides thiosemicarbazides, and 1,3,4-oxadiazoles 
in their inhibitory effects on MAO, a dehydrogenase in which 
flavins seem to be implicated, and acetylcholinesterase, a hydrolase 
without any cofactor requirements. 


The anticonvulsant activity exhibited by these compounds, by 
affording protection against pentylenetetrazol-induced seizures, was 
found to be related with their MA0 and acetylcholinesterase inhibi- 
tory properties. These studies reflected a greater anticonvulsant 
property, ranging from 50 to 7 0 x  of substituted quinazolone thio- 
semicarbazides which were also found to cause greater inhibition of 
MA0 and acetylcholinesterase. In the present study, enzyme in- 
hibitory effects and anticonvulsant activity of these compounds were 
in the order of: thiosemicarbazides > oxadiazoles > hydrazides > 
esters, 
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Solubility and Dissolution of Triamcinolone Acetonide 


L. H. BLOCK' and R. N. PATEL 


Abstract 0 Available data on the solubility of triamcinolone 
acetonide in aqueous media are neither complete nor in agreement. 
Solubility of the steroid in distilled water and in potassium chloride 
solutions of varying ionic strength was determined at 28, 37, and 
50". Dissolution rates of the steroid in the aqueous media were 
determined at 28" uio a rotating-disk method. Triamcinolone ace- 
tonide solubility in distilled water ranged from 21 mcg. d.-' at 
28" to 33.6 mcg. ml.-1 at  50". The differential heat of solution was 
4207 cal. mole-'. The intrinsic dissolution rate constant at the maxi- 
mum agitation intensity employed was 4.51 X 10-a hr.-I cm.-*. 
Solubilities and dissolution rates were markedly lower in potassium 
chloride solutions. "Salting-out" coefficients were calculated, 
for the effect of potassium chloride on triamcinolone acetonide 
solubility, using the empirical Setschenow equation. 


Keyphrases 0 Triamcinolone acetonide-solubility and dissolu- 
tion in water and potassium chloride solutions Solubility, tri- 
amcinolone acetonide-water and potassium chloride solutions, 
Setschenow salting-out coefficients IJ Dissolution rates, triam- 
cinolone acetonide-water and potassium chloride solutions 


~ 


Lange and Amudson (I) ,  using a gravimetric proce- 
dure, determined the aqueous solubility of triamcino- 
lone acetonide to be 26.4 mg./100 ml. at 25". Malkinson 
and Kirschenbaum (2), in their study of the percuta- 
neous absorption of triamcinolone acetonide, noted 
that the steroid had an aqueous solubility of 1 mg./100 
ml., although neither the temperature of the system nor 
the method used in determining solubility was speci- 
fied. Florey (3) recently reported solubilities for the 
compound in water as well as isotonic saline (pH 7) 
at 23 and 37" as 0.004 f 0.002% (40 mcg./ml.). The 
solubility data available thus far are neither adequate 
nor in agreement. No data have been reported on the 


effect of ionic strength on the steroid's solubility, nor 
are dissolution rate data available. Since the solubility 
and dissolution of the steroid can ultimately affect its 
release from matrixes in which it is suspended, these 
physicochemical properties of triamcinolone acetonide 
were evaluated. 


MATERIALS AND METHODS 


Materials-Hydrochloric acid', potassium chloride', recrystal- 
lized blue tetrazoliurnl, tetramethylammonium hydroxide (10 in 
water)', and triamcinolone acetonide' were used as received. 


One potential source of error-the polymorphic form of the 
steroid-was eliminated following differential thermal analysts of 
the three lots of steroid received. No marked differences in the 
thermograms obtained' were noted. It could thus be concluded 
that the steroid employed was of a single polymorphic form. 


ReagentgBlue tetrazolium solution (0.2% w/v) was prepared 
by accurately weighing 100 mg. of blue tetrazolium, suspending 
the material in 35 ml. of alcohol, and agitating the suspension at 
45" until dissolution was complete. Following the attainment of 
ambient thermal equilibrium. the solution volume was adjusted to 
50 mi. with alcohol. The solution was freshly prepared before use. 
Tetramethylammonium hydroxide solution (1 v/v) was prepared 
from the commercial 10% solution by accurately transferring 10 ml. 
of the concentrate to a volumetric flask and adjusting the volume 
to 100 mi. with alcohol. Hydrochloric acid (1 N) was prepared 
by diluting 12.5 mi. of concentrated acid to 100 ml. with distilled 
water. 


1 Fisher Scientific Co., Fair Lawn, N. J. * Eastman Organic Chemicals, Rochester, N. Y. 
8 The Squibb Institute for Medical Research, E. R. Squibb and Sons, 


New Brunswick, N. J. 
4 Fisher dflerential therrnalyzer, model 260. employed through the 


courtesy of Dr. Omar Steward, Department of Chemistry. Duquesne 
University. 
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Isoxamles 11: Kinetics and Mechanism of 
Degradation of Sulfisoxazole in Moderately Concentrated Acids 


RUBEN H. MANZO* and M. MARTINEZ de BERTORELLO‘ 


Abstract 0 The acid degradation of sufioxazole (N-sulfanil- 
amido-3,4-dimethyl-5-isoxazole) in hydrochloric acid solutions in 
concentrations from 1Q to 24% and at 108 f 0.1” was studied. 
Two parallel pathways of molecular degradation which lead simul- 
taneously to the formation of sulfanilic acid (pathway A) and sul- 
fanilamide (pathway B) as final products were determined. The 
isoxazolering isdegradedas much in the sulfisoxazole molecule(path- 
way B) as in the 5-amino-3,4-dimethylisoxazole (pathway A), leading 
to formation of 2-butanone and hydroxylamine (and ammonia in 
the latter case) as final products. Both degradative pathways show 
pseudo-first-order kinetics. A study was also made of how the 
reaction rates are affected with the acid concentration. Degradative 
pathway B prevails at low acid concentrations and can be associated 
with a mechanism in which water participates in the rate-deter- 
mining step; degradative pathway A prevails at higher acid concen- 
trations and the mechanism implies nonparticipation of water in the 
rate-determining step. 


Keyphrases 0 Sulfisoxazole-kinetics and mechanism of acid deg- 
radation. ionization ratios 0 Isoxazole derivatives-kinetics and 
mechanism of acid degradation of sulkoxazole, ionization ratios 0 
Degradation-sulfkoxazole in hydrochloric acid solutions, rates, 
mechanisms, ionization ratios 


The isoxazoles form a group of heterocycles that may 
be characterized by their chemical behavior; they exhibit 
properties that are typical of aromatic systems and also, 
under certain conditions, show ring lability, particularly 
at the oxygen-nitrogen bond (1). 


At present, more attention is paid to the investigation 
of the mechanism of chemical reactions under eXtreme 
conditions (high and low temperatures, high and low 
pressures, effects of radiation, ezc.); available data show 
that under such conditions the course of reactions often 
becomes uncommon. 


Based on these findings and on some experimental 
data obtained in this laboratory, it appeared interesting 


to perform a thorough study of the cleavage reactions 
of the isoxazole ring in strong acid solutions and at 
high temperatures. These studies may contribute more 
basic information on the stability of the ring, especially 
since data related to the problem are quite scarce (I). 
Moreover, since numerous derivatives of the isoxazole 
ring have pharmacological properties (2), the impor- 
tance of the conditions and mechanism by which these 
heterocycles are degraded is greatly increased. 


This paper presents the results of a study of the in- 
fluence of hydrochloric acid concentrations and high 
temperatures on the hydrolytic degradation of one 
isoxazole derivative: sulfisoxazole’ (N-sulfanilamido-i 
3,4dimethyl-5-isoxaole). 


EXPERIMENTAL’ 


Materials-All of the solvents used were commercial products. 
purified by the usual techniques. Hydrochloric acid, sulfuric acid, 
and sodium 8-naphthoquinone-4-sulfonate were analyticalJ reagent 
grade. 2,4-Dinitrophenylhydrazine‘ was recrystallized from meth- 
anol. Sulfkoxazole USPL was recrystallized from ethanol, m.p. 
193-194”. 5-Amino-3,4-dimethylisoxazole was prepared ac- 
cording to the method described (3) for other sulfonamides: 10 g. 
of sulfmxazole was dissolved in 200 ml. of glacial acetic acid and 
25 ml. of acetic anhydride. The solution was boiled for 5 min., 
cooled, and diluted with 500 ml. of distilled water. A precipitate 


1 Preferred USAN chemical name is N*-(3.4-dimethyl-5-isoxazolyl)- 
sulfanilamide. 


‘Melting points were taken on a melting-point apparatus (Dr. 
Tottoli) and are uncorrected. The IR spectra were run on a Beckman 
IR 8 spectrophotometer in potassium bromide pellets. UV measure- 
ments were made in a Hilger & Watts H.700.308 spectrophotometer, 
usin quartz cells 1 cm. thick. The complete absorption spectrum in 
the b V  region was taken in a Cary 14 recording spectrophotometer. 
Absorbance measurements in the visible region were made in a Bausch 
& Lomb ectrophotometer. ’ 


8 Carlo%ba G.R. 
Merck & Co. 


6 SOCRAM. 
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bilized in 25 ml. of 40% (w/v) sulfuric acid hnd boiled for 3 min. 
The solution was cooled, alkalinized with 10% sodium hydroxide 
solution, and extracted with ether (3 X 40 ml.). The ethe- 
real extracts yielded 3.2 g. of 3.4-dimethyl-S-aminoisoxamle, 
which was recrystallized first from benzcne and then from water, 
m.p. 123.5-124.5'. 


Qunlbltive 1-h at md8liaO Redwls of sufhor. 
-SulJanilic Acid, Sulfanilamide, 5-Amin~3,4~imethyfimxaz~e, 
and 2-Buranone-A solution of 0.045 Mle (1.200 g.) of sulfi- 
soxazole in 100 ml. of hydrochloric acid (24%) was boiled a t  rdlux 
for 100 min. Aliquots werc taken every 10 min. of the reaction and 
w e e  immediately cooled in an ice bath. 


Sulfmilic Acid and Sulfmiiamide-Apptdmatdy 5 d. of each 
reaction sample was spotted on a 20 X zo.Cm. silica g d a  TLC plate. 
The chromatogram was developed with heptanwhloroforw- 
ethanol-glacial acetic acid (2:2:3: I).  The spots were detected by 
spraying with a 1 Z sodium nitrite in 0.5 N hydrochloric acid solu- 
tion and coupling the diazo compounds farmed with a 0.5% N- 
naphthylethylenediamine dihydrochloride' aqueous solution. 
The spot corresponding to sulfisoxazole (RI 0.87) faded progres- 
sively and was not detectable in approximately 80 min. Two spots 
( R ,  0.72 and 0.42) appeared simultaneously, and their intensities 
increased progressively with reaction time. They were identified by 
comparison with known standard samples and w m  found to he 
sulfanilamide and sulfanilic acid, respectively. 


S-Amin~3,4dinu~hylisoisounde-Twenty-five, millilitas of the 
solution hydrolyzed during 20 min. was alkalinized with ZOz 
sodium hydroxide solution; three ether extractionJ (a0 ml. 
each) were performed on the alkaline solution. The ethacal a- 
tracts were combined and dried with anhydrous sodium sulfate. 
Evaporation of the solvent yielded a solid, which was recrystallized 
from water and identified as 5-amino-3,4-dimethylisoxazolc by a 
comparison of its melting point and mixed melting point with those 
of a known pure sample. Comparison of its R, value (0.83) in 
TLC on a silica gel G plate, using heptantchloroform-ethenol 
(2:2:3) as a developing solvent and a hydrochloric acid solution of 
pdimethylaminobenzaldehyde as a spray reagent, nsulted in 
furtha identification. 


2-Butanone--To the rest of the solution, hydrolyzed during 100 
min., a sodium bicarbonate solution was carefully added until it was 
neutralized. This solution was distilled, collecting approximately 
onethird of the original volume in a conical flask which contained 
a cooled solution of 2,ddinitrophenylhydrazine in hydrochloric 
acid. A yellow precipitate was formed. which was separated, dried, 
and recrystallized from ethanol. It was identified as the 2,Uinitro- 
phenylhydrazone of the 2-butanone by comparison of its melting 
point. mixed melting point, and IK spectra with those of an au- 
thentic sample. 


QlmlItatiw 1-atDelprdrttoaPlodpCtrOfs.* 
3~mcthyllsaxpzole--2-Butamme, Ammonia, and Hydmxylamine 
-A solution of 7.5 mmoles (0.840 g.) of Samin~-3,4dimethyl- 
isoxazole in 150 ml. of 24z hydrochloric acid was refluxed for 60 
min. 


2-Butonorn--Om hundred millilitas of this solution was neu- 
tralized carefully by addition of a 20% solution of sodium bicar- 
bonate. The neutralized solution was distilled. and one-third of the 
original volume was collected (this volume ensured the complete 
distillation of the 2-butanone formed) in a cooled 2,4-dinitro- 
phenylhydrazine solution in hydrochloric acid. The precipitate 
was separated and recrystallized from ethanol and identified as the 
f4dinitrophenylhydrazone of the 2-butanone by a comparison of 
its melting point, mixed melting point. and IR spectra with those of 
an authentic sample. 


Ammonia-Thirty milliliters of the hydrolyzed solution, d- 
kalinized with 20% sodium hydroxide solution and heated in a 
water bath, gave off vapors which changed the color of red litmus 
paper and had a typical ammonia odor. 


Hydroxylamine-One milliliter of 40% potassium hydroxide 
solution was added to 1 ml. of the hydrolyzed solution togethet 
with 3 drops of ethyl acetate and then 0.4 ml. of the same potassium 
hydroxide solution. After standing for 10 min., 1 ml. of a 7.5% 
hydrochloric acid solution and 2 drops of f h c  chloride solution 
were added. This produced a reddish-violet color typical of ferric 


'E. Merck A.G.. Darmstadt, W. Germany. 


T a b  f-Fseudo-Fii-Order Rate Constants for SU1h-k 
Hydrolysis in 24% (6.47 M) Hydrochloric 
Acid Solution and at  108 f 0.1" 


Sulfisoxazole solutions were prepared by hntitntively tranr- 
f d n g  5-mmole quantities to a volumetric flask of 100-ml. ca- 
pacity and adding the hydrochloric acid solution until the volume 
was completed. The same procedure was followed with each acid 
solution. 
Once the solutions wae pnplued. equal aliquots of 3 ml. were 


introduced in a series of IO-ml. ampuls. The ampuls were sealed 
and immersed in a constant-tempantuft! bath. They were then 
withdrawn at appropriate intmals and quickly cooled in an ice 
bath for analysis at a late time. 


Degmdntiw d ! M b ~ D e t e r m l m t i d n .  of Sulfisoxzde, 
Sdfanilamlde, and SurfonUic Acid-AU three compounds were 
separated by TLC using 20 X #)cm silica gel Fu, PL chromato- 
folios'. Upon development the sampks were evaluated using the 
Bratton-Marshall colorimetric technique (4) adgpted to the prsent 
operating conditions. Determinations were performed in triplicate. 


Three aliquots of 5 pl. each were taken from each ampul. using a 
l@pl. gradwted micropipet. The chromatogram was developed 
with a solvent system of heptancchloroform-ethanol-glacial 
a c e t i c h d  (2:2:3:1) to  12 cm. The spots were localized by observ- 
ing the plate under UV light and delineating the respective areas 
with a stylet, taking care to preserve a constant surface for each 
compound. 


The areas were separated independartly. The sulfisoxazok fnrc- 
tion was extracted with 10% hydrochloric acid (3 X 2 ml.), sus- 
pending and centrifuging the material each time. Sulfanilic acid 
was extracted in the same way but hot. Sulfanilamide was extracted 
at  room temperature using 1 ml. of hydrochloric acid solution in 
each extraction'. 


For each component, the elution liquids were transferred and 
collected in a test tube where the Bratton-Marshall colorimetric 
t a h i q u e  was carried out as follows. Three of 0.1% 
sodium nitrite aqueous solution was added to 6 ml. of eluate. mixing 
both solutions thoroughly. After 3 min. a further 3 ml. of 0.5% 
sulfamic acid aqueous solution and 4 ml. of 0.1% N-naphthyl- 
ethylenediamine dihydrochloride aqueous solution were added. 
The absorbance of the colored solution that formed was determined 


extraction of the three components in the way shown IS quantitative. 


amide. 
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Scheme I 
in a spectraphotometer at 545 nm. against a blank with all of the 
reagents. The final result for each cornpound at a definite time 
was taken from the average of the threc determinations. 


From the values obtained it was possible to calculate the pseudo- 
first-order constant K+ for the degradation of sulfisoxamle, which 
was calculated according to Eq. 1 : 


(Eq. 1) 
where A0 is the absorbance corresponding to the solution at t = 0, 
and A is the absorbance of a hydrolyzed solution during time 
t ;  t - 0 was the absorbance of a solution cohtained in an ampul 
which was submerged in the thermostatically controlled bath for 
2 min. Table I shows the procedure used to  dcula te  K+ for the 
degradation of sulfisoxazole in 24.5% hydrochloric acid. The values 
of K+ in 15 and 10% hydrochloric acid solutions were calculated 
using the same procedure. 


Sulfanilamide and sulfanilic acid determinations made possible 
the calculation of the quotient between the absorbance of both 
compounds during hydrolysis of sulfisoxazole in 24.5 % hydro- 
chloric acid (Fig. 1). Sulfanilamide and sulfanilic acid concentra- 
tions were calculated in relation to a standard solution prepared as 
follows : 


1. Sulfanilic acid, 191.9' mg. (1.107 mmo&), wtk introduced 
quantitatively in a volumetric flask of SO-ml. capkity and diluted 
to volume with a 24.5% hydrochloric acid solution. 
2. A solution was prepared in the same way with 109.5 mg. 


(0.631 mmole) of sulfanilamide. 
Both solutions were mixed in a 1 : 1 proportion and three ali- 


quots were made with this solution on a TLC plate. Separation and 
determination were carried out exactly the sani*e as when the 
problem samples were determined. The results were the following: 
microliters spotted, 5.0; sulfanilic acid absorbance, 0.170, 0.174, 
and 0.174; and sulfanilamide absorbance, 0.207.0.202, and 0.207. 


Calculations of the proportions of sulfanilamide and sulfanilic 
acid formed during hydidysis were made relating the absorbances 
of the same samplesto the absorbances determined with the standard 
solution of known concentration. 


The fact that the absorbances produced by both compounds 
remained constant throughout the whole process of hydrolysis 
made possible the determinations of their final percentages without 
requiring the reaction to be carried out completely. 


The proportions of sulfanilic acid and sulfanilamide were cal- 
culated through the relationship: 


(1- Ao - log A).2303 
t & -  


- AT & 
CT CP 


where AT and Ap are the absorbances of the sbndard solution and 
the problem, resFtively; and Cp and CT are the problem and the 
refexence concentrations, respectively. The results were 29 moles % 
sulfanilamide and 71 moles% sulfanilic acid. These results per- 
mitted the estimation of the pseudo-first-order rate constants for 
the formation of sulfanilamide and sulfariilic acid through the fd- 
lowing relationships: 
& sulfisoxazole K+ sulfanilamide + K+ sulfanilic acid (Eq. 3) 


K+ sulfanilamide 29 
& sulfanilic acid = f i  


Tdble II-Pseudo-First-Order Rate Constants for Sullisoxazole 
Hydrolysis and the Formation of Sulfanilamide and Sulfanilic 
Acid at Three Different Hydrochloric Acid Concentrations 


4-10-4 ~ ~ p o ~ t i ~ l l ~ ,  
seg,-', sul- 4olesZ- 
fisoxazole Sul: Sul- -K+-10-4 se --I 


HCI, ~ e p d a -  fatul- fanilic S~I- Sukanilic 
moltsp. hon amide Acid fanilamide Acid 


6.47 14.0 29 71 4.1 9.9 
4.10 2.4 49 51 1.2 1.2 
2.74 1.1 59 41 0.65 0.45 


Determination of 5-Rrnino-3.4dimethyllsoxazde during Sul- 
firoxaide Hydrolysis-Folin and Wu's colorimetric technique 
(9, adapted to the reaction system, was used. Samples were taken 
at adequate reaction times as described previously; accurately 
measured aliquots of these samples were diluted with distilled water 
in volumetric flasks of adequate capacity at concentrations of 
1/50, I/loO, a n d  1/150. Then 1 ml. of each diluted sample was 
neutralized to phenolphthalein with potassium hydroxide solutionlL 
(a parallel tube was used to calculate the necessary quantity so as 
not to introduce phenolphthalein into the system). Then 2 ml. of 
0.1 M phosphate buffer solution of pH 11.6 was added to the 
neutralized solutions, as well as 2 ml. of 0.13% sodium 8-naphtho- 
quinondsulfonate; the solutions were shaken and allowed to 
stand for 2 min. Subsequently, 1.2 ml. of 7.5% hydrochloric acid 
solution was added and the colored substance that formed was ex- 
tracted with 5.0 ml. n-hexane. The absorbances were determined at 
450 nm. against a pure solvent blank. 


Concentrations of 5-amino-3,4-dimethylisoxazole were calculated 
from a standard solution prepared with pure sample in adequate 
&oncentration in 24.5 % hydrochloric acid solution, applying the 
procedure described for the problem. The system obeyed Beer's law 
in the concentration range used. The results of these detetminations 
are shown in Fig. 2. 


The extractions with n-hexane offer a specific method for the 
determination of 5-amino-3,4-dimethylisoxazole in the presence of 
hydroxylamine, ammonia, sulfisoxazole, sulfanilamide, and sul- 
fanilic acid; these cornpounds also react with the reagent, but the 
compounds they form cannot be extracted by the solvent, which 
selectively extracts the colored substante formed between the 
reagent and 5-amino-3,4-dimethylisoxazole. 


Determination of Carbonyl Groups-The opening of the isox- 
azole ring in aqueous solutions implies the formation of com- 
pounds having carbonyl groups. They were determined using a 
colorimetric mthod adapted from the one proposed by Clarck 
and Lappin (6). which consists of allowing 2.4dinitrophenylhy- 
drazine to react with the compound to be determined and measuring 
the color yielded by the 2.4-dinitrophenylhydrazones in an alkaline 
medium. 


The procedure used was as follows. One milliliter of distilled 
water and 0.1-1 ml. of hydrolyzed acid solution containing the 
compound to be determined were placed in a test tube, and this 


0 10 20 30 40 
MINUTES 


Figure &Formation and degradation of S-amino-3,4-dimethyI- 
isoxazole during sulfisoxazole hydrolysis. 


11 Prepared by diluting in the same way as the sample from the 40% 
potassium hydroxide solution. 
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CH3--cO-C& + H a O H  + NHa 


scheme N 


CHa CH, 


CH, 'CH, 


Scheme I l l  


solution was completed to 2 ml. with 24.5% hydrochloric acid 
solution where necessary. Later, 5.0 ml. of methanolic solution 
saturated with 2,4-dinitrophenylhydrazine was added and the 
tubes were heated to 50' for 30 min. in a water bath. After cooling, 
10 ml. of 10% sodium hydroxide solution was added and the re- 
sulting solution was quantitatively transferred to  a 5O.ml. volu- 
metric W, diluting to volume with methanol. The absorbance 
was determined at  480 nm. against a blank with all of the reagents; 
these were prepared according to  the recommendations already in- 
dicated (6). 


The concentration of the carbonyl groups formed was calculated 
from a standard curve prepared by means of a series of determina- 
tions made on a solution of 44.76 mmolesfl. of pure 2-butanone. 


The determination of the carbonyl groups in a sulfisoxazole 
solution hydrolyzed during 140 min. yielded the following results: 
initial concentration of sulfisoxazole (moles per liter), 4.47 X 10-8; 


and concentration of carbonyl groups in hydrolyzed solution, 4.42 X 
10-8. The results indicate that 1 mole of sulfisoxazole leads to the 
formation of 1 mole of the carbonyl groups. 


Influence of Acid Concentration on Reaction Rates-A determina- 
tion was made of the pseudo-iirst-order rate constants for the 
degradation of sulfisoxazole and the proportions of the final prod- 
ucts, sulfanilamide and sulfanilic acid, at three different acid con- 
centrations. Table 11 shows these results. 


DISCUSSION 


Experimental results indicate that, in the degradation of SUE- 
soxazole by the action of moderately concentrated hydrochloric 


I I I 


0 1 2 
-HO 


Figure 3-Correlation between log Ko and -Ho for degradatiw 
pathways A and 8. 
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Figure 4--Correlations between log K+ - log I and (Ho + lodH+I) 
or degradatiw pathways A and B. 


acid at 108". two degradative pathways (Scheme 1) coexist in the con- 
centration range studied. Degradative pathway A implies hydrolytic 
cleavage of the molecule at the sulfonamide group bond and is 
common to all sulfonamides. -dative pathway B implies the 
opening of the isoxazole ring and leads to the formation of sul- 
fanilamide as one of the final products. 


Von Ernst and Seydel (7) studied the hydrolysis of sulfisoxazole 
in 1 N hydrochloric acid within the 50-90" temperature range and 
postulated one single degradative way, which agrees with pathway 
A proposed in the present paper. 


An opening of the ring also takes place in the 5-amino-3,4-di- 
methylisoxazole. formed in degradative pathway A. similar to that 
which takes place in the sulfisoxazole molecule in degradative 
pathway B (Scheme 11). 


These degradative processes can be associated with a mechanism 
of acid catalysis which implies a preequilibrium between the sub- 
strates and protonated substrates (Scheme 111). Sulfisoxazole pos- 
sesses an aromatic primary amino group which, undq reaction 
conditions, is in its complete protonatcd form; the respective acti- 
vated states for the two degradative pathways can be associated 
with a second protonation in the isoxazole ring (8). 
To study the influence of acidity changes on the velocity of the 


two degradative pathways, the ionization ratio I between dipro- 
tonated and monoprotonated forms of sul6soxazole for the three 
concentrations of hydrochloric acid used was determined. Calar- 
lations were made starting from the regression line of the linear free 
energy relationships correlation for the second sulfisoxazole pro- 
tonation (8) using values of H O ~ S . ~ ~ .  This implies taking the behavior 
of sulfisoxazole ionization in sulfuric acid as a reference. 


To recognize how the rates of reaction for pathways A and B 
are affected when acidity conditions vary, velocity coefficients were 
correlated by the classical Zucka and Hammett method (9) Oog 
K+ against -Ho) and by the treatment proposed by Bunnett and 
Olsen (10) which correlates (log K+ - log I )  with (log [H+] + Ho). 


Both treatments supply linear correlations for the two degrada- 
tive pathways. Correlation slopes between log K+ and -Ho wefe 
1.01 and 0.52 for A and B. respectively (Fig. 3). The values of 4 
parameter which appear from correlations between (log K+ - log 
I) and (log [H+] + Ho) weee 0.05 and 0.74 for A and B. respectively 
(Fig. 4). 


The behavior of pathway B with the variations in acidity condi- 
tions, interpreted according to the Bunnett and O h  (10) criterion, 
suggests the participation of water in the ratedetermining step; 


11 Ho values for hydrochloric acid solutions were taken from the 


1) Part I (8; discusses the uullzatlon of Ho m the treatment of the 
scale given b Paul and Long. Chcm: RCD. 57, l(1957). 


equilibrium of a biprotonated compound. 
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in the A degradative proass with + value near zero and a 1.01 
slope in plots of (log against -Ho), water would not participate 
in the ratedetermining step, displaying a typical A-1 mechanism 
according to Zucker and Hammett (9). Therefore, degradative path- 
way B prevails at low acid concentrations and A prevails at high acid 
concentrations. 
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New Compounds: N,N-Dimethyl-[ 3-( 1-alky lpiperidy 1) Icarbamates, 
Potential Cholinesterase Inhibitors 


IAN W. MATHISON’, KATHLEEN C. FOWLER, and ELIZABETH R. PETERS 


Abstract 0 The synthesis of 10 piperidine carbarnates was carried 
out by condensation of various 3-hydroxypiperidines with dirnethyl- 
carbamyl chloride or, alternatively, by treatment of the hydroxy 
compound with phosgene followed by dimethylamine. Changes 
were made in the length of the alkyl chain substituted on the hetero- 
cyclic riitrogen. The compounds were developed as potential 
cholinesterase inhibitors as a continuation of previous studies. 


Key phrases 0 N,N-Dimethyl-[E(l-alkylpiperidyl)]carbamates- 
synthesized as potential cholinesterase inhibitors 0 Cholinesterase 
inhibitors, potentialsynthesis of N.N-dimethyl-(3-(l-alkyl- 
piperidy1))carbamates 0 Piperidine carbamates-synthesized as 
potential cholinesterase inhibitors 


The established interest of these laboratories in the 
synthesis and evaluation of potential cholinesterase 
inhibitors (1, 2) led recently to the completion of the 
synthesis of some compounds intimated in earlier work 
(1). The studies related to the effects on inhibitory po- 
tency of a series of compounds showing isosteric replace- 
ments of known cholinesterase inhibitors. The com- 
pounds possessed the general structural formulas indi- 
cated for I and I1 and were correlated with compounds 
of general formula 111 which were synthesized earlier 
(3) and shown to be active inhibitors. The data sug- 
gested (I )  that the compounds having the urea moiety 
(11) provided a better “fit” in the area of the esteratic 
site than those possessing the acetamide function (I). To 
complete the series of isosteric modifications of the 
acetylcholine skeleton, the synthesis of carbamate deriva- 


tives of pipendines was considered appropriate. This 
approach was further substantiated by the presence of 
the carbamate moiety in physostigmine-a potent cho- 
linesterase inhibitor. The compounds reported in this 
paper possess the general formula shown for IV and 
can be readily related to compounds of the general 
structures 1-111. 


The synthetic route adopted involved a preliminary 
quaternization of 3-hydroxypyridine followed by cata- 
lytic hydrogenation to the corresponding N-alkyl-3- 
hydroxypiperidine (Scheme 1). 


Two methods were chosen to introduce the carbamate 
function: treatment of the 3-hydroxypiperidine with di- 
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not added directly to  food but which come into contact with food, 
shch as food processing aids. Also, monographs for a number of 
substances that are not considered “chemical additives” in the con- 
ventional sense have been included, such as masticatory substances. 


Specifications set forth in this publication were developed with 
the cooperation of individual suppliers of food-grade chemicals 
and with industrial trade organizations. 


The Food Chemicals Codex was given official recognition by the 
U. S. Food and Drug Administration when the “Definitions and 
Procedural and Interpretative Regulations,” relating to the eligibil- 
ity of substances for classification as generally recognized as safe 
(ORAS), were revised and published in the Federal Register on 
June 25,1971. 


Supplements to the Codex are issued annually and sent to all 
holders of the book at  no charge. 


SfaffReuiew W 


WHO Expert Committee on SpedAcations for Pharmaceutical 
Preparations, Twenty-fourth Repart. World Health Organization 
Technical Report Series. World Health OrganiZation, Geneva, 
Switzerland (available from American Public Health Association, 
Inc., 1015 18th St., N.W., Washington, D c  20036). 1972.60 pp. 
16 X 24 cm. Price $1.9. 
This report provides a review of the work necessary relative to a 


general revision of the “International Pharmacopoeia,” intema- 
tional reference standards, and new monographs. Three annexes 
cover 33 new monographs, amendments to manufacturing prac- 
tices, and a modified method for the. determination of morphine in 
opium, respectively. 


Staff Reuiew W 


Carboa-FIuahe Compounds: chemieby, Biochemistry & Biological 
A c t i d k  A Ciba Fouhdation Symposium. Associated Scientific 
Publishers, 52 Vanderbilt Ave., New York, NY 10017, 1972.417 
pp. 16 X 24cm. 
The proceedings of this symposium, held in September 1971, 


represent an interdisciplinary approach to carbon-fluorine chem- 
istry. Topics covered in this volume include a review of the reac- 
tivity of the carbon-fluorine bond and its physical characteristics, 
the toxic effects of carbon-fluorine compounds (particularly the. 


fluoroacetates and fluorocitrates), and the role of fluoro analogs in 
protein biosynthesis or inhibition, 


The syllthesis of fluorocarbohydrates and their physiochemical 
properties are discussed. Of possible particular interest to the 
pharmaceutical scientist are the discussions of the metabolism, 
transport, and increasing use of NMR properties of fluoroanalogs 
for binding studies and structural identification of macromolecules. 
The involvement of fluoronucleotides in modifying nucleic acid 
synthesis and its relevance to virus replication are also covered. 


staff  Reuiew 8 


NOTICES 


Cometics-Perfumery Thesaurus. By HILDA FEINBERG. CCM In- 
formation Corp., 866 Thud Ave., New York, NY 10022, 1972. 
106pp. 14.5 X 22.5cm. RiceS12.95. 


Bridged Free Radicals. By LEONARD KAPLAN. Marcel Dekker, 
95 Madison Ave.. New York, NY 10016, 1972. 481 pp. 14.5 X 
23 cm. Price $24.50. 


Anaesthesia and Pbarmaceutics. Edited by J. SPIERDIJK and S. A. 
BLDMAN. Williams & Wilkins, Baltimore, MD 21202, 1972. 
144 pp. 14 X 22 cm. Price $20.00. 


Ceruical Pain, Proceedings of the International Symposium held in 
Wenner-Gren Center, Stockholm, January 25-27, 1971. Edited 
by CARL HIWH and YNOVE Z ~ R M A N ,  Pergamon hess, Inc., 
Maxwell House, Fairview Park, Elmsford, NY 10523, 1972. 221 
pp. 17 X 25 cm. Price $21.00. 


Biochemical Regulatory Mechanisms in Eukaryotic Cells. Edited 
by E. KUN and S. GRISOLIA. Wiley, 605 Thud Ave., New York, 
NY 10016,1972.530 pp. 15 X 23 cm. Price $24.95. 


The Therapeutic Choice in Pediatrics. Edited by W .  L. BURLAND and 
B. M. LAURANCE. Williams & Wilkins, Baltimore, MD 21202, 
1 9 7 2 . 2 2 8 ~ ~ .  13.5 X 21.5cm.Price516.00. 


Pharmacdogical Control of Lipid Metabolism, Aduances in Experi- 
mental Medicine and Biology-Vdume 26. Edited by W. L. 
H a r m ,  R. P A a e r r r ,  and D. KRKCHEVSKY. Plenum, 227 West 
17th St., New York, NY 10011, 1972. 357 pp. 16 X 25 cm. Rice 
$22.50. 


Encyclopedia of Inrlustrial Chemical Analysis, Volume 16-Mercury 
to Penicillins. Edited by F. D. SNELL and L. S. EITRE. Wiley, 
605 Thud Ave., New York, NY 10016, 1972. 583 pp. 17.5 X 
25.5 cm. Price $35.00 subscription; $45.00 single copy. 
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Reaction of Methyl 
242 ',2 '-Bis(carbethoxy)vinylamino] benzoate with Hydrazine 


MILTON J. KORNET 


Abstract 0 Previous workers incorrectly assigned the 1,3,4-benzo- 
triazepine-5-one structure to the product resulting from the re- 
action of methyl 2-[2',2'-bis(carbethoxy)vinylamino]benzoate with 
hydrazine. Spectral data and independent synthesis show that the 
product is actually 3-amino-4-quinazolone. 


Keyphrases 0 Methyl 2-[2 ',2'-bis(carbethoxy)vinylamino]benzoate 
-reaction with hydrazine, correction of product structure to 3- 
amino-4quinazolone 0 3-Amino-4quinazolone-product of reac- 
tion of methyl 2-[2',2'-bis(carbethoxy)vinylamino]benzoate with 
hydrazine, previously assigned 1,3,4-benzotriazepine-Ssne structure 


The reaction of methyl 2-[2',2'-bis(carbethoxy)vinyl- 
aminolbenzoate with hydrazine was reported by 
Podesva et al. (1) in 1969. These workers obtained a 
compound, m.p. 214-215", to which they assigned the 
1,3,4-benzotriazepine-5-0ne structure (I). This reaction 


NH 
0 
I 


appeared to offer a convenient route to additional 
analogs of I for study as potential psychotherapeutic 
agents l. 


This transformation has been reproduced, giving a 
product with a melting point of 214-215", but the NMR 
showed the presence of a sharp singlet at 5.87 6 integrat- 
iog for two protons, a sharp singlet (1H) at  8.35 6, and a 
complex multiplet (4H) at  7.31-8.29 6. The absence in 
the spectrum of a broad signal due to an amide proton 
is inconsistent with Structure I. Another possible struc- 
ture for the product from the reaction of methyl 2-[2',2'- 
bis(carbethoxy)vinylamino]benzoate (11) with hydrazine 


H 
NCH=-C(COiC&)i H-NNH, 


VnC I 
@LH, I1 


p N H ,  


111 


Scheme I 


1 The only other compound related to I that has been reported in the 
literature is the 7-chloro analog. I t  was prepared similarly by the same 
authors. 


is the isomeric aminoquinazolone (111, Scheme I). The 
NMR data are completely consistent with this structure. 


An authentic sample of I11 was prepared from 
4-quinazolone (2) and hydrazine according to the 
method of Leonard and Ruyle (3)2. Comparison of the 
IR and NMR spectra of this compound with the product 
obtained from I1 showed them to be identical. In addi- 
tion, a mixed melting point was undepressed. 
By analogy, the compound described as 7-chloro- 


3,4,5-benzotriazepine-5-one by Podesva et al. (1) must 
also have the corresponding quinazolone structure. 


EXPERIMENTAL' 


Methyl 2-[2',2'-Bis(carbethoxy)vinylamino]benzoate ( W T h i s  
compound was prepared according to the procedure of Podesva 
et a/. ( I )  from 7.55 g. (0.05 mole) of methyl anthranilate and 10.8 g. 
(0.05 mole) of ethyl ethoxymethylenemalonate. The first crop 
amounted to 9.62 g. m.p. 51-55'. Recrystallization from 
hexane gave clusters of fine white needles, m.p. 56.5-57 O [lit. ( I )  78 % 
yield, m.p. 71-72"]. Further recrystallizations from hexane did not 
change the melting point. IR (KBr): 5.9 (broad ester C=O) and 3.11 
(NH) p;  NMR (CDCI,): 6 12.62 (broadened d, 1, J = 13.5 Hz., 
NH), 8.56 (d, I ,  J = 13.5 Hz., N-CH),6.89-8.17 (m, 4,ArH).4.40 


C-CH3), and 1.33 (1, 3, C-CH1). 
Anal.-Calc. for CI~HL9NO6: C, 59.81; H, 5.96; N, 4.36. Found: 


C,60.09; H.6.04; N, 4.47. 
3-AmimAquinazolone (IIl)-Method A-Treatment of 2.50 g. 


(7.79 mmoles) of I1 with 1.25 g. (25.0 mmoles) of 100% hydrazine 
hydrate in 12 ml. of ethanol, according to the procedure of Podesva 
et ul. ( I ) ,  gave a solid which was filtered and washed thoroughly 
with water. After drying in an evacuated desiccator containing 
phosphorus pentoxide overnight, 1.03 g. (82%) of colorless glisten- 
ing needles, m.p. 21 3-214", was obtained. Recrystallization from 
95% ethanol afforded needles, m.p. 214-215'; IR (KBr): 5.98 
(C=O), 6.12 (C-N), and 3.04, 3.17 (NH2) p ;  NMR (dimethyl 
sulfoxide-&): 6 8.35 (s, I ,  N-CH-N), 7.31-8.29(m, 4, ArH), and 


Method B-Colorless needles, m.p. 21 3.5-21 5", were prepared 
from 4quinazolone (2) and hydrazine hydrate according to the 
procedure of Leonard and Ruyle (3). Recrystallization from 95% 
ethanol gave colorless needles, m.p. 213-214" [lit. (3) m.p. 209- 
210"l. This compound proved to be identical with the product 
described in Method A by comparison of their 1R and NMR 
spectra. In addition, a mixed melting point was not depressed. 


(q, 2, OCHI), 4.28 (q, 2, OCH?), 3.98 (s, 3, OCHJ), 1.38 (t, 3, 


5.87 (s, 2, NH?). 
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* The compound obtained by Leonard and Ruyle was characterized as 
its benzal derivative, thereby ruling out Structure I for this product. 


3 Melting points were determined with a Fisher-Johns apparatus and 
are corrected. 1R spectra were obtained on a Beckman 1R-8 spectre 
photometer. NMR spectra were determined on a Varian A60A spec- 
trometer, using tetramethylsilane as the internal reference. 
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GLC Determination of Methaqualone in Plasma 


J. F. DOUGLAS' and S. SHAHINIAN 


Abstract IJ A simple GLC method was developed for the deter- 
mination of methaqualone in plasma. The method is rapid and 
quantitative over the 0.1-1 .O-mcg./ml. range. 


KeyphrPsee 0 Methaqualone-GLC determination in plasma 0 
GLC-determination of methaqualone in plasma 


Methaqualone, 2-methyl-3-o-tolyl-4(3H)-quinazolin- 
one, is a well-known compound which has been available 
for use as a hypnotic since 1960. Determination of this 
drug in biological fluids has been investigated using 
spectrophotometric (1) and GC (2, 3) procedures. The 
former technique is not suitable for precise measure- 
ment because of high blank values, while the latter 
procedure, which eliminates the blank problem, is 


Figure 1-Gas chromatograms of plasma treated as described. Left: 
chromatogram from normul plasma. Right: chromatogram from 
normal plasma with 0.5 mcg./ml. of methaqualone added. 


Table I-Recovery of Methaqualone from Plasma 


Methaqualone Methaqualone 
Added, mcg./ml. Recovered, mcg./ml. Percent Recoverye 


0.20 
0.50 
1 .o 
2.0 
5.0 


10.0 


0.14 10 
0.31 74 
0.11 11 
1.4 70 
3 . 5  70 
6.9 69 


Average 11.7 f 1.3b 


0 Recoveries are based on a comparison to GC response to pure solu- 
tions of methaqualone. b Standard error. 


Table 11-Methaqualone Plasma Concentrations 
(Micrograms per Milliliter) in Human Subjects" 


Metha- 
qua- 
lone 
DO=, Hours 
ms. 0 0.25 0.5 1 2 4 8 


~ ~ ~ ~ 


400 Nonedetected 0.6 1.7 2.3 1.4 1 . 1  0.5 
800 Nonedetected 1 . 1  2.3 3.5 4.3 3 . 5  2.0 


a Each value given is an average of three subjects. 


tedious and time consuming. In addition, it requires 
5.0 ml. of plasma. This report describes a GC method 
for the determination for methaqualone that is simple, 
rapid, and reliable. 


EXPERIMENTAL 


GC-A dual-column gas chromatograph' equipped with a 
hydrogen flame-ionization detector and a I-mv. recorder' was em- 
ployed. Tbe chromatographic columns used were 0.6-m. (2-ft.) X 
0.6-cm. (0.25-in.) glass tubes packed with 3x XE-60 on 100-1#)- 
mesh Gas ChromQ'. The instrument settings were:columntempera- 
ture, 180"; injection port temperature, 240'; and detector block 
temperature, 230". Gas flow rates were: hydrogen, 25 ml./min.; and 
helium (carrier gas), 50 ml./min. Sensitivity settings were: range, 10; 
and attenuation factor, 2X. The retention times under these condi- 
tions were 1.6 min. for butyl stearate and 4.5 min. for methaqualone 
(Fig. 1). 


Reagents-The reagents were redistilled chloroform4 and butyl 
stearate4. 


Procedure-Plasma, 1.0 ml., was made alkaline with 0.05 ml. of 
1 N NaOH, and 0.2 ml. of chloroform containing 0.5 mcg./ml. of 


' F & M  model 402. * Minneapolis-Honeywell. 
3 Applied Science. 
4 Regis Chemical. 
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Solubility and Dissolution of Triamcinolone Acetonide 


L. H. BLOCK' and R. N. PATEL 


Abstract 0 Available data on the solubility of triamcinolone 
acetonide in aqueous media are neither complete nor in agreement. 
Solubility of the steroid in distilled water and in potassium chloride 
solutions of varying ionic strength was determined at 28, 37, and 
50". Dissolution rates of the steroid in the aqueous media were 
determined at 28" uio a rotating-disk method. Triamcinolone ace- 
tonide solubility in distilled water ranged from 21 mcg. d.-' at 
28" to 33.6 mcg. ml.-1 at  50". The differential heat of solution was 
4207 cal. mole-'. The intrinsic dissolution rate constant at the maxi- 
mum agitation intensity employed was 4.51 X 10-a hr.-I cm.-*. 
Solubilities and dissolution rates were markedly lower in potassium 
chloride solutions. "Salting-out" coefficients were calculated, 
for the effect of potassium chloride on triamcinolone acetonide 
solubility, using the empirical Setschenow equation. 


Keyphrases 0 Triamcinolone acetonide-solubility and dissolu- 
tion in water and potassium chloride solutions Solubility, tri- 
amcinolone acetonide-water and potassium chloride solutions, 
Setschenow salting-out coefficients IJ Dissolution rates, triam- 
cinolone acetonide-water and potassium chloride solutions 


~ 


Lange and Amudson (I) ,  using a gravimetric proce- 
dure, determined the aqueous solubility of triamcino- 
lone acetonide to be 26.4 mg./100 ml. at 25". Malkinson 
and Kirschenbaum (2), in their study of the percuta- 
neous absorption of triamcinolone acetonide, noted 
that the steroid had an aqueous solubility of 1 mg./100 
ml., although neither the temperature of the system nor 
the method used in determining solubility was speci- 
fied. Florey (3) recently reported solubilities for the 
compound in water as well as isotonic saline (pH 7) 
at 23 and 37" as 0.004 f 0.002% (40 mcg./ml.). The 
solubility data available thus far are neither adequate 
nor in agreement. No data have been reported on the 


effect of ionic strength on the steroid's solubility, nor 
are dissolution rate data available. Since the solubility 
and dissolution of the steroid can ultimately affect its 
release from matrixes in which it is suspended, these 
physicochemical properties of triamcinolone acetonide 
were evaluated. 


MATERIALS AND METHODS 


Materials-Hydrochloric acid', potassium chloride', recrystal- 
lized blue tetrazoliurnl, tetramethylammonium hydroxide (10 in 
water)', and triamcinolone acetonide' were used as received. 


One potential source of error-the polymorphic form of the 
steroid-was eliminated following differential thermal analysts of 
the three lots of steroid received. No marked differences in the 
thermograms obtained' were noted. It could thus be concluded 
that the steroid employed was of a single polymorphic form. 


ReagentgBlue tetrazolium solution (0.2% w/v) was prepared 
by accurately weighing 100 mg. of blue tetrazolium, suspending 
the material in 35 ml. of alcohol, and agitating the suspension at 
45" until dissolution was complete. Following the attainment of 
ambient thermal equilibrium. the solution volume was adjusted to 
50 mi. with alcohol. The solution was freshly prepared before use. 
Tetramethylammonium hydroxide solution (1 v/v) was prepared 
from the commercial 10% solution by accurately transferring 10 ml. 
of the concentrate to a volumetric flask and adjusting the volume 
to 100 mi. with alcohol. Hydrochloric acid (1 N) was prepared 
by diluting 12.5 mi. of concentrated acid to 100 ml. with distilled 
water. 


1 Fisher Scientific Co., Fair Lawn, N. J. * Eastman Organic Chemicals, Rochester, N. Y. 
8 The Squibb Institute for Medical Research, E. R. Squibb and Sons, 


New Brunswick, N. J. 
4 Fisher dflerential therrnalyzer, model 260. employed through the 


courtesy of Dr. Omar Steward, Department of Chemistry. Duquesne 
University. 
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TRIAMCINOLONE ACETONIDE, mcg./rnl. 
Figure 1-Beer's plots for triamcinolone acetonide-blue teirazolium 
reaction in distilled water andpotassium chloride solutions. 


Assay of Aqueous Solutions of Triamcinolone Acetonide-Standard 
Solution-A standard solution of triamcinolone acetonide (1000 
mcg./ml.) was prepared by dissolving 100 mg. of steroid, accurately 
weighed, in enough alcohol to yield a final solution volume of 100 ml. 


Assay Procedure-The analytical method employed was that of 
Umeda er al. (4); 1.0 ml. of the steroid-containing solution, 
1 .O ml. of alcohol, 2.0 ml. of blue tetrazolium solution, and 1 .O ml. 
of tetramethylammonium hydroxide solution were transferred to 
a screw-capped test tube. The mixture was kept at 30-35' in a water 
bath for 25-30 min., and 1.0 ml. of 1 N hydrochloric acid was then 
added. A blank solution was prepared using 1.0 ml. of the dissolu- 
tion medium instead of the steroid-containing solution. The absor- 
bance of the steroid-containing solution, relative to the blank, was 
measured at the A,,, 525 nm., for each dissolution medium 
employed (distilled water and 0.2, 0.5, and 1.0 M potassium 
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Figure 2-Solubility of triamcinolone aceronide in distilled water as a 
function of time. 
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Figure >Solubility of triamcinolone acetonide in 0.2 M potassium 
chloride solution as a function of time. 


chloride?. Beer's plots are shown in Fig. 1. The slopes of the 
curves were calculated by the method of least squares with the aid 
of a programmable calculator6. The reciprocals of the absorptivities 
thus calculated were used in the calculation of solution steroid con- 
centrations. 


Solubility Determinations-Triaminolone acetonide solubility 
in distilled water and in 0.2, 0.5, and 1.0 M potassium chloride 
solutions was determined as a function of temperature in the follow- 
ing manner. An excess of steroid (50 me.) was added to amber, 
screw-capped, 180-ml. (6-02.) bottles containing 100 ml. of the ap- 
propriate dissolution medium. A Saran' liner was inserted and the 
bottle cap was tightened in place. The bottles were manually shaken 
and then suspended in constant-temperature bathss maintainedB 
at 28 f 0.5, 37 i 0.5, and 50 f 0.5". respectively. The bottles 
were shaken periodically. Samples were withdrawn from the con- 
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Figure 4-Solubility of rriamcinolone acetonide in 0.5 M potassium 
chloride solution as a function af time. 


8 Hitachi Perkin-Elmer spectrophotometer, model 139 UV-VIS, 
6 Wang 700B/701, Wan6 Laboratories, Tewksbury. Mass. 
7 Dow Chemical Co., Midland, Mich. 
8 Unitized constant-temperature water baths, Fisher Scientific co.. 
9 Porta-Temp. Precision Scientific Co., Chicago, 111. 


Perkin-Elmer Corp.. Norwalk, Conn. 


Chicago, 111. 
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Figure !!--Solubility of triamcinolone acetonide in 1.0 M potassium 
chloride solution as a function of time. 


tainers every 24 hr. using 2 4 .  tuberculin syringes10 fitted with 
Whitacre spinal needlesll. The samples were filtered through 0.22-p 
filtersI* and assayed for triamcinolone acetonide. 
Dissolution Rate Studies-The dissolution apparatus employed 


consisted of a #WH)-ml., three-necked, round-bottom flask immersed 
in a constant-temperature bath and an acrylic turbine-bladed 
stirrer/pellet holder attached to an electronically controlled preci- 
sion stirring motor1*. 


Flat-faced, 1.3-cm. (0.5-in.) diameter pellets of pure triamcinolone 
acetonide were prepared by suitable compression with a pellet 
pressl'. The pellets were then mounted in the acrylic pellet holder, 
with the aid of beeswax, in such a way that only one flat face of a 
pellet was exposed. The pellet holder, with the pellet in place, was 
attached to a metal shaft connected to an electronically controlled 
precision stirring motor. 


After adding 1500 ml. of the dissolution medium to the three- 
necked flask immersed in the constant-temperature bath, the tem- 
perature of the dissolution medium was allowed to equilibrate with 
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Figure 6-Solubility of triamcinolone acetonide in dissolution media 
as a function of temperature. 


10 B-D Yale 2019, ZyyP, Becton, Dickinson and Co.. Rutherford, 


1 1  B-D 1331, W46Z. LNR, Becton, Dickinson and Co., Rutherford, 


I* MF-Millipore filters. GSWP 0 25 00. Millipore Corp., Bedford. 


1'Laborator stirrer and motor controller. model GT-21, G. K.  


14  Research and Industrial Instruments Co.. London, England. 


N. J.  


N. J. 


Mass. 


Heller Corp.. &a1 Park, N. Y. 


Tnblp. I-Solubility of Triamcinolone Acetonide in Dissolution 
Media (mcg. ml.-lp 


Tem- Distilled -Potassium Chloride Solution- 
perature Water 0.2 M 0.5 M 1.0 M 


28 O 21 .o 11.4 8 . 9  5.1 
37" 25.5 19.0 15.4 9 . 9  
50" 33.6 29.5 24.1 15.8 


(I Results represent the averages of two determinations. 


Table II-Differential Heats of Solution of Triamcinolone 
Acetonide in Dissolution Media, Calculated from 
Arrhenius Plots of the Solubility Data 


~ 


Dissolution Medium 


Distilled water 
Potassium chloride 


solution : 
0 . 2  M 
0.5  M 
1.0 M 


4201 


8340 
8122 
9855 


that of the bath (28 f 0.5'). The pellet holder, with pellet in place, 
was then immersed in the dissolution medium to a depth of 5 cm. 
The stirrer was switched on and maintained at  constant speed. 
Aliquots of 2.0 ml. were removed from the flask at appropriate time 
intervals, using tuberculin syringes fitted with Whitacre spinal 
needles, and then filtered through 0.22-p Millipore filters. 


RESULTS AND DISCUSSION 


Solubility-The approach to equilibrium, as a function of time, 
is shown in Figs. 2-5. Concentration plateaus were reached 
within 4 - 5  days. The solubility of triamcinolone acetonide as a 
function of temperature in distilled water and in potassium chloride 
solutions is shown in Fig. 6. The saturation equilibria are sum- 
marized in Table I. The differential heats of solution, AH.o~,,r 
of the steroid in the dissolution media were calculated by the method 
of least squares in accordance with the Arrhenius relationship: 


where X is the mole fraction of steroid in solution, R is the molar 
gas constant, T is the absolute temperature, and b is a constant. 
The values are tabulated in Table 11. 


The effect of electrolyte on the solubility of the steroid is particu- 
larly evident (Fig. 7); it is apparent that a'kalting-out" phenomenon 


0 0.25 0.50 0.75 1.0 
POTASSIUM CHLORIDE, M 


Figure 7-Solubility of triamcinolone acetonide in potassium chloride 
solutions. 
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Figure 8-Setschenow plots for triamcinolone acetonide in potassium 
chloride soliitions. 


is encountered. Setschenow (5 ,  6) proposed an empirical relation- 
ship for the effect of an electrolyte on the solubility of a nonelec- 
trolyte: 


log (Sols) = kC 0%. 2) 


where So is the solubility of the nonelectrolyte in pure solvent, S 
is the solubility of the nonelectrolyte in an electrolyte solution of a 
given molar concentration C ,  and k is the salting-out coe&ient 
and is a function of the composition of the system and the tempera- 
ture. The ratio So/S is equal tof ,  the activity coefficient of the non- 
electrolyte in the electrolyte solution. Setschenow plots of the solu- 
bility data are shown in Fig. 8 along with the respective slopes or k 
values for each system. The k values range from about 0.34.4 and 
are higher than those reported for other types of nonelectrolytes 
such as diacetone alcohol (0.03-0.14) (7), mesityl oxide (0.02-0.18) 


I 2 1 4  
\ 


HOURS 


Figure 9-Triamcinolone acetonide dissolution in distilled water as a 
function of agitatiorr intensity (stirrer speed 5 = 147 r.p.m., 6 = 
248 r.p.m., 7 = 308 r.p.m., and 8 = 398 r.p.m.). 
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Figure lo-Triamcinolone acetonide dissolution in distilled water, 
plotted in accordance with the integrated form of the modified Noyes- 
Whitney equation. 


(7). ethyl acetate (0.02-0.17) (7). and certain barbiturates (0.04- 
0.21) (8). 


The salting-out effect is most apparent in the transition from dis- 
tilled water to 0.2 M potassium chloride solution. At higher tem- 
peratures, however, the effect of added electrolyte is less marked. 


Dissolution Rate-Dissolution of triarncinolone acetonide in 
distilled water a t  28" under sink conditions is shown in Fig. 9 as a 
function of time for various agitation intensities. The data are in 
accordance with the integrated form of the modified Noyes-Whit- 
ney equation (9): 


Table 111-Dissolution Rates and Dissolution Rate Constants 
for Triamcinolone Acetonide in Distilled Water a t  28" 


dCldt, k '0,  


Stirrer Speed, (mcg. m1.-1 hr.-l) (hr.-l cm.-*) 
r.p.m. x 10' x 10' 


147 
248 
308 
398 


4.01 
4.70 
5.82 
6.63 


1.86 
2.33 
3.15 
4.51 


a Surface area of pellet exposed to dissolution medium was -1.271 
cm.'. 


Table IV-Dissolution Rates and Dissolution Rate Constants 
for Triamcinolone Acetonide in Potassium Chloride 
Solutions at, 28". 


Potassium dC/dt, k Ib, 


Chloride (mcg. mL-1 hr.-l) (hr.-l cm.-*) 
Solution x 10' x 108 


0 . 2  M 
0.5 M 
1 .0  M 


3.61 
1.98 
1 . 8 Y  


3.91 
2 . 3 i  
3.  6OC 


., Stirrer speed = 308 r.p.m. * Surface area of pellet exposed to dis- 
solution medium was -1.271 cm.'. 'For data within the period of 
96-192hr. only. 
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Figure 11-Log-log plot of triamcinolone acetonide dissolution rate 
in distilled water versus stirrer speed (r.p.m.1. 


where C, and Care the concentrations of a saturated solution of the 
solute and of a solution of the solute at time t, respectively; k’ is 
the intrinsic dissolution rate constant; A is the surface area of the 
solid exposed to the dissolution medium; D is the diffusion coeffi- 
cient of the solute in the dissolution medium; V is the volume of the 
solution; and h is the diffusion layer thickness. The integrated 
Noyes-Whitney plot of the dissolution data is shown in Fig. 10. 
The dissolution rates and dissolution rate constants for triamcino- 
lone acetonide in distilled water at 28” are given in Table 111. 


The influence of agitation intensity in the unbaffled system em- 
ployed in this study is quite evident. Cooper and Kingery (10) 
showed that dissolution from a rotating-disk face is proportional 
to the square root of angular velocity, o, i.e.: 


dCldt = K w ‘ / ~  (Es. 4) 


where K is a proportionality constant. If the angular velocity is 
given in revolutions per minute and if Eq. 4 is transformed loga- 
rithmically, then: 


log (dC/dr) = log K + */* log r.p.m. (Eq. 5 )  


A double logarithmic plot of dC/dt as a function of stirrer speed 
should yield a straight line with a slope of 0.5. Linear regression 
analysis of the data depicted in Fig. 11 indicates a slope of 0.515, 
with a correlation coefficient of 0.981. 


The evaluation of steroid solubility in potassium chloride solu- 
tions as a function of time under sink conditions was only deter- 
mined at  speed 7 (-308 r.p.m.), since vortex formation tended to 
occur in this system at higher speeds. A plot of the data in accor- 
dance with the integrated Noyes-Whitney equation is shown in 
Fig. 12. The data, however, are not at all indicative of adherence to 
Eq. 3, since a zero In [C./(C, - C)] intercept at I = 0 is not obtained. 
Rather, a lag in dissolution is apparent, particularly for dissolution 
in 1 .O M potassium chloride solution. Dissolution rates and dissolu- 
tion rate constants for the steroid at speed 7, as a function of potas- 
sium chloride concentration, are given in Table 1V. 


The data for solubility and dissolution appear to be reasonable in 
view of the most reliable data available to date (3) and in view of the 
results of linear regression analysis of Beer’s plots which yielded 
correlation coefficients of 0.9985 to 0.9998 for the systems employed. 
Additional work is underway involving the synthesis of “C- 
labeled triamcinolone acetonide. Isotopic methods will be employed 
to measure its solubility in comparison with the data reported 
here. 


0 2 4 6 8 
DAYS 


Figure 12-Triamcinolone acetonide dissolution in potassium chloride 
solutions at speed 7 (308 r.p.m.) and 28”, plotted in accordance with 
the integrated form of the modified Noyes- Whitney equation. 
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in the A degradative proass with + value near zero and a 1.01 
slope in plots of (log against -Ho), water would not participate 
in the ratedetermining step, displaying a typical A-1 mechanism 
according to Zucker and Hammett (9). Therefore, degradative path- 
way B prevails at low acid concentrations and A prevails at high acid 
concentrations. 
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New Compounds: N,N-Dimethyl-[ 3-( 1-alky lpiperidy 1) Icarbamates, 
Potential Cholinesterase Inhibitors 


IAN W. MATHISON’, KATHLEEN C. FOWLER, and ELIZABETH R. PETERS 


Abstract 0 The synthesis of 10 piperidine carbarnates was carried 
out by condensation of various 3-hydroxypiperidines with dirnethyl- 
carbamyl chloride or, alternatively, by treatment of the hydroxy 
compound with phosgene followed by dimethylamine. Changes 
were made in the length of the alkyl chain substituted on the hetero- 
cyclic riitrogen. The compounds were developed as potential 
cholinesterase inhibitors as a continuation of previous studies. 


Key phrases 0 N,N-Dimethyl-[E(l-alkylpiperidyl)]carbamates- 
synthesized as potential cholinesterase inhibitors 0 Cholinesterase 
inhibitors, potentialsynthesis of N.N-dimethyl-(3-(l-alkyl- 
piperidy1))carbamates 0 Piperidine carbamates-synthesized as 
potential cholinesterase inhibitors 


The established interest of these laboratories in the 
synthesis and evaluation of potential cholinesterase 
inhibitors (1, 2) led recently to the completion of the 
synthesis of some compounds intimated in earlier work 
(1). The studies related to the effects on inhibitory po- 
tency of a series of compounds showing isosteric replace- 
ments of known cholinesterase inhibitors. The com- 
pounds possessed the general structural formulas indi- 
cated for I and I1 and were correlated with compounds 
of general formula 111 which were synthesized earlier 
(3) and shown to be active inhibitors. The data sug- 
gested (I )  that the compounds having the urea moiety 
(11) provided a better “fit” in the area of the esteratic 
site than those possessing the acetamide function (I). To 
complete the series of isosteric modifications of the 
acetylcholine skeleton, the synthesis of carbamate deriva- 


tives of pipendines was considered appropriate. This 
approach was further substantiated by the presence of 
the carbamate moiety in physostigmine-a potent cho- 
linesterase inhibitor. The compounds reported in this 
paper possess the general formula shown for IV and 
can be readily related to compounds of the general 
structures 1-111. 


The synthetic route adopted involved a preliminary 
quaternization of 3-hydroxypyridine followed by cata- 
lytic hydrogenation to the corresponding N-alkyl-3- 
hydroxypiperidine (Scheme 1). 


Two methods were chosen to introduce the carbamate 
function: treatment of the 3-hydroxypiperidine with di- 
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n 


R Boiling Point (mm. He) Yield, Z 
CI t  -34" (0.1) 35.4 .. . 


32-34' (0.05) 30.4 
264%" (0.05 40.0 


58-68" fO.1) 57.8 
26-60" (0.lJ 43.7 


60-760 io . i i  21 .o 
72-82" (0.a 47.6 
8S-96" (0.0d 56.6 
66-96" (0.05) 48.9 
110-112" (0.05) 32.0 


R 


EXPERIMENTAL' 


N-rULyl-3-by~xyprpaldlncs-EHydroxypyri (1 .O mole) 
and the appropriate N-alkyl bromide (1.1 moles) were refluxed in 
absolute ethanol for 4 days. The ethanol was removed in wcuo, 
k a ~  the crude N-akyl-3-hydroxypyridinium bromide as a yellow, 
viscous oil which, in some of the higher mokcular weight com- 
pounds, solidified on standing a t  room temperature. The crude 
product was dissolved in absolute ethanol and hydrogenatad at  
45 p.s.i. over platinum oxide catalyst (24% ratio of catalyst to  
compound by weight). After 20 hr., the hydrogenation was stopped, 
the catalyst was removed by filtration, and the solvent was removed 
in wcuo. leaving an oily or a semisolid residue. The residue was dis- 
solved in water, made strongly alkaline with sodium hydroxide pel- 
lets, and extracted with ether. The dried ether extract was concen- 
trated to yield a brown oil, which was purified by vacuum distilla- 
tion to yield the desired compound; in all cases, the compound was 
a colorkss oil. The physical constants for the compounds prepered 
are shown in Table I. This method was used in the synthesis of 
Compounds 2-10. 


N-Akyl-J-pipsridyl Dlnrethylenrbanmte Hydrobdidt-hferhod I 
-N-Alkyl-3-hydroxypiperidine (1.0 mok) was dissolved in benzene, 
and the solution was cooled in an ice bath. Then a solution of 


R 


scheme I 


k 


(;.lo" 
I 
R 


R 


R 
methylcarbamyl chloride (4) (Scheme 11) or treatment of 
the hydroxy compound with phosgene followed by di- 
methylamine (5 )  (Scheme 111). Neither procedure showed 
superiority over the other and the yields varied con- 
siderably. Particular difficulty was noted with Com- 
pound 2, and only after a prolonged effort was the 
product obtained and in low yield. 


1 All melting points were determined using a Swissco melting-point 
a paratus and are uncorrected. Elemental analyses were carried out by 
(Palbraith Laboratories, Inc.. Knoxville, Tenn. IR spectra were re- 
corded on a Perkin-Elmer model 137B Infracord spectraphotometer. 
and examination of the IR spectra of all corn ounds showed them to be 
consistent with the proposed structures [Ok absorption 3350 cm.-l 
(thin film); C=O of carbamate 1725 cm.-l (thin film)]. 


Scheme I t  


0 


R 
scheme It1 


12.5% phosgene in benzene (1.1 moles) was added dropwise with 
stirring. At the end of the phosgene addition, the resulting bright- 
yellow solution was left stirring in an ice bath for 0.5 hr. and was 
then allowed to stand at  room temperature with stirring for a 
further 2 hr. The mixture turned into an opaque, yellow, jelly-like 
mass. The benzene was removed in m u o .  maintaining the tempera- 
ture below 60". leaving a yellow tacky residue which was the crude 
N-alkyl->piperidyl chlorocarbonate hydrochloride. The crude 
product was dissolved in chloroform and the solution cooled in an 
ice bath. A large excess of dimethylamine (5 moles excess) in chloro- 
form was added ,slowly through an addition funnel, and the reao 
tion mixture (fitted with a condenser) was left stirring in the ice 
bath and allowed to warm gradually to  room temperature as the 
mixture stirred overnight. The chloroform was then removed in 
w u o ,  leaving a pale-yellow granular precipitate suspended in an 
amber-colored viscous oil. The oil was dissolved in anhydrous ether 
and the ether was decanted, separating it from the solid precipitate 
of dimethylamine hydrochloride. The decanted ether solution was 
reduced in volume, and the resulting reddish-brown oil was purified 
by vacuum distillation to yield N-alkyl-3-piperidyl dimethylcarba- 
mate as a colorless oil. The oil was converted to the appropriate 
hydrohalide salt which was, in all cases, a white powder. The 
physical constants for the compounds synthesized together with 
the recrystallization solvent can be found in Table 11. This method 
was used for the syntheses of Compounds 3.4,6,7.9. and 10. 


N-AIkyl-bpiperidyl Dimethylcarbamate Hydrohalide-Method 
11-N-Alkyl-3-hydroxypiperidine (1.0 mole) was dissolved in 
anhydrous ether, and the solution was cooled in an ice bath. 
Dimethylcarbamyl chloride (3 moles) was added slowly to  the 
solution fitted with a reflux condenser, The mixture was allowed 
t o  warm slowly to room temperature and w a s  left stirring overnight. 
The ether was then removed in uacuo, leaving a brown oil which 
solidified on standing at room temperature. The residue was sus- 
pended in 10% sodium carbonate solution and the mixture was 
extracted with ether. The ether was dried over anhydrous sodium 
sulfate and distilled ofT to leave a brown oil, which was purified by 
vacuum distillation to yield the N-alkyl-3-piperidyl dimethylcarba- 
mate as a colorless oil. The oil was converted to  the appropriate 
hydrohalide salt which was, in all cases, a white powder. The 
physical constants for the compounds prepared are shown in Table 
11. This method was used in the syntheses of Compounds 2.5, and 8. 


N-Methyl-+piperidyl Dimethylcarbarnate Hydrochloride (Com- 
p a n d  1)-3-Hydroxypyridine (25.0 g.) was dissolved in methanol 
(250 ml.), and the solution was cooled in an acetone-dry ice bath. 
Methyl bromide was bubbled through the cooled solution for 0.5 
hr. The mixture was allowed to warm to room temperature, methyl 
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T.Me II-PhvSid Data 


Yield, Solvent of -Analysis, Y- 
N u m b  R (mm HOP Melting Poine 72 ReayStalliZfitlOn' calc. Found 


Boiling Point 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


- 


62-64 ' (0.04) 


66-76' (0.1) 


50-68" (0.05) 


82-88' (0.05) 


90-100" (0. I )  


98-114" (0.11) 


100-118" (0.05) 


100-118° (0.05) 


140-144" (0.15) 


201-202O 


160462' 
(seakd tube) 


161-1 62.5 ' 


141-146' 


132.5-1 34" 


123-12.5" 


133434.5" 


128.5-1 30" 


lll-ll3' 


117-1 19' 


50.0 


26.0 


41.5 


41.5 


40.5 


90.0 


50.0 


48.3 


59.5 


55.7 


Ethanol 


Ethyl acetate-ethanol 


Ethyl acetate-ethanol 


m y 1  acetatoethanol 


Ethyl a c e t a m e r  


Ethyl acetate 


Ethyl acetate 


Ethyl acetate 


Ethyl acetate 


Ethyl acetate 


c 48.54 
H 8.60 
CI 15.92 
N 12.58 c 50.73 
H 8.94 
Cl 14.98 
N 11.83 c 44.75 
H 7.85 
Br 27.07 
N 9.49 
c 46.60 
H 8.15 
Br 25.84 
N 9.06 
C 56.00 
H 9.76 
c1 12.72 
N 10.05 
C 49.85 
H 8.67 
Br 23.69 
N 8.30 c 51.28 
H 8.89 
Br 22.74 
N 7.97 
C 52.60 
H 9.10 
Br 21.87 
N 7.67 
C 53.82 
H 9.30 
Br 21.06 
N 7.38 c 54.95 
H 7.12 
Br 20.31 
N 9.48 


48.38 
8.48 
16.05 
12.37 
50.93 
9.20 


11.57 
44.89 
7.79 
27.21 
9.36 
46.34 
8.05 
25.54 
8.77 
55.92 
9.64 
12.89 
9.95 
49.71 
8.70 
23.75 


51.10 
8.97 
22.94 
7.91 
52.45 
9.23 
22.07 
7.46 
53.78 
9.08 
20.93 
7.16 
55.11 
6.91 
20.32 
9.26 


-L 


2 


0 For the free bases. * For the corresponding hydrohalide salts: c Calculated for the free .base from Walk 1-3-hydroxypiperidine. 1 For 
hydrohalide salt. No satisfactory analysis for chlorine could be obtiuned. I No satwfactory analysis for mtrogen codd be obmned. 


bromide was bubbled through for an additional 0.5 hr., and the mix- 
ture was allowed to stir at room temperature for 3 days. The metha- 
nol was removed in wcuo, leaving N-methyl-3-hydroxypyridinium 
bromide(41.0 g.) as a light-tan solid which was recrystallized from 
ethanol-water. This compound was dissolved in water and hydrogen- 
ated over platinum oxide catalyst (2z ratio of catalyst to compound) 
at 50 p.s.i. The resulting solution was filtered to remove the catalyst, 
made alkaline with sodium hydroxide pellets, and extracted with 
chloroform, This extract was dried over sodium sulfate, and the 
solvent was distilled off to  leave a dark oil, which was purified by 
vacuum distillation to yield N-methyl-Ehydroxypiperidhe as a 
clear colorless oil (10.7 g.), b.p. 34-36' (100 p). The N-rnethyl-3- 
hydroxypiperidine (10.7 g., 0.093 mole) thus obtained was dissolved 
in dry ether and the solution was cooled in an ice bath. Dimethyl- 
carbamyl chloride (21.6 g., 0.2 mole) was added to  the hydroxy 
compound solution and allowed to warm slowly to  room tempera- 
ture; it was left stirring overnight during which time a precipitate 
formed. The ether was evaporated, leaving a yellow powdery pre- 
cipitate which was recrystallized from ethanokther to  yield the 
hydrochloride salt of N-methyl-Epiperidyl dimethylcarbarnate as 
off-white granular crystals (10.3 g. crude weight). The physical 
data for this compound are shown in Table 11. 


REFERENCES 


(1) I. W. Mathison, J. G. Beasley, K. C. Fowler, and E. R. 


(2) I. W. Mathison, ibid., 11, lSl(l968). 
(3) A. Laslo, P. D. W a l k ,  A. L. Meyer, and B. V. R a m  


(4) L. C. Raiford and K. Alexander, J. Org. Chem., 5,300(1940). 
(5) C. S. Marvel and W. A. Noyes, J. Amer. Chem. SOC., 42, 


Peters, 1. Med. Chem., 12,928(1969). 


Sastry, ibid., 2, 617(1960). 


2259(1920). 


ACKNOWLEDCMENTS AND ADDRESSES 


Received March 24, 1972, from the Murion Chemical R e s e u d  
Lubomtory, Department of Medicinal Chemistry, Cdlege of Phar- 
macy, Uniwrsity of Tennessee Medical Units, Memphis, TN 38103 


Accepted for publication July 19, 1972. 
The authors gratefully acknowledge the financial support of this 


investigation by Marion Laboratories, Inc., Kansas City, Mo. 
A To whom inquiries should be directed. 


160 0 Journal of Pharmareutlcal Sciences 








not added directly to  food but which come into contact with food, 
shch as food processing aids. Also, monographs for a number of 
substances that are not considered “chemical additives” in the con- 
ventional sense have been included, such as masticatory substances. 


Specifications set forth in this publication were developed with 
the cooperation of individual suppliers of food-grade chemicals 
and with industrial trade organizations. 


The Food Chemicals Codex was given official recognition by the 
U. S. Food and Drug Administration when the “Definitions and 
Procedural and Interpretative Regulations,” relating to the eligibil- 
ity of substances for classification as generally recognized as safe 
(ORAS), were revised and published in the Federal Register on 
June 25,1971. 


Supplements to the Codex are issued annually and sent to all 
holders of the book at  no charge. 


SfaffReuiew W 


WHO Expert Committee on SpedAcations for Pharmaceutical 
Preparations, Twenty-fourth Repart. World Health Organization 
Technical Report Series. World Health OrganiZation, Geneva, 
Switzerland (available from American Public Health Association, 
Inc., 1015 18th St., N.W., Washington, D c  20036). 1972.60 pp. 
16 X 24 cm. Price $1.9. 
This report provides a review of the work necessary relative to a 


general revision of the “International Pharmacopoeia,” intema- 
tional reference standards, and new monographs. Three annexes 
cover 33 new monographs, amendments to manufacturing prac- 
tices, and a modified method for the. determination of morphine in 
opium, respectively. 


Staff Reuiew W 


Carboa-FIuahe Compounds: chemieby, Biochemistry & Biological 
A c t i d k  A Ciba Fouhdation Symposium. Associated Scientific 
Publishers, 52 Vanderbilt Ave., New York, NY 10017, 1972.417 
pp. 16 X 24cm. 
The proceedings of this symposium, held in September 1971, 


represent an interdisciplinary approach to carbon-fluorine chem- 
istry. Topics covered in this volume include a review of the reac- 
tivity of the carbon-fluorine bond and its physical characteristics, 
the toxic effects of carbon-fluorine compounds (particularly the. 


fluoroacetates and fluorocitrates), and the role of fluoro analogs in 
protein biosynthesis or inhibition, 


The syllthesis of fluorocarbohydrates and their physiochemical 
properties are discussed. Of possible particular interest to the 
pharmaceutical scientist are the discussions of the metabolism, 
transport, and increasing use of NMR properties of fluoroanalogs 
for binding studies and structural identification of macromolecules. 
The involvement of fluoronucleotides in modifying nucleic acid 
synthesis and its relevance to virus replication are also covered. 
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NOTICES 


Cometics-Perfumery Thesaurus. By HILDA FEINBERG. CCM In- 
formation Corp., 866 Thud Ave., New York, NY 10022, 1972. 
106pp. 14.5 X 22.5cm. RiceS12.95. 


Bridged Free Radicals. By LEONARD KAPLAN. Marcel Dekker, 
95 Madison Ave.. New York, NY 10016, 1972. 481 pp. 14.5 X 
23 cm. Price $24.50. 


Anaesthesia and Pbarmaceutics. Edited by J. SPIERDIJK and S. A. 
BLDMAN. Williams & Wilkins, Baltimore, MD 21202, 1972. 
144 pp. 14 X 22 cm. Price $20.00. 


Ceruical Pain, Proceedings of the International Symposium held in 
Wenner-Gren Center, Stockholm, January 25-27, 1971. Edited 
by CARL HIWH and YNOVE Z ~ R M A N ,  Pergamon hess, Inc., 
Maxwell House, Fairview Park, Elmsford, NY 10523, 1972. 221 
pp. 17 X 25 cm. Price $21.00. 


Biochemical Regulatory Mechanisms in Eukaryotic Cells. Edited 
by E. KUN and S. GRISOLIA. Wiley, 605 Thud Ave., New York, 
NY 10016,1972.530 pp. 15 X 23 cm. Price $24.95. 


The Therapeutic Choice in Pediatrics. Edited by W .  L. BURLAND and 
B. M. LAURANCE. Williams & Wilkins, Baltimore, MD 21202, 
1 9 7 2 . 2 2 8 ~ ~ .  13.5 X 21.5cm.Price516.00. 


Pharmacdogical Control of Lipid Metabolism, Aduances in Experi- 
mental Medicine and Biology-Vdume 26. Edited by W. L. 
H a r m ,  R. P A a e r r r ,  and D. KRKCHEVSKY. Plenum, 227 West 
17th St., New York, NY 10011, 1972. 357 pp. 16 X 25 cm. Rice 
$22.50. 


Encyclopedia of Inrlustrial Chemical Analysis, Volume 16-Mercury 
to Penicillins. Edited by F. D. SNELL and L. S. EITRE. Wiley, 
605 Thud Ave., New York, NY 10016, 1972. 583 pp. 17.5 X 
25.5 cm. Price $35.00 subscription; $45.00 single copy. 
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GLC Determination of Methaqualone in Plasma 


J. F. DOUGLAS' and S. SHAHINIAN 


Abstract IJ A simple GLC method was developed for the deter- 
mination of methaqualone in plasma. The method is rapid and 
quantitative over the 0.1-1 .O-mcg./ml. range. 


KeyphrPsee 0 Methaqualone-GLC determination in plasma 0 
GLC-determination of methaqualone in plasma 


Methaqualone, 2-methyl-3-o-tolyl-4(3H)-quinazolin- 
one, is a well-known compound which has been available 
for use as a hypnotic since 1960. Determination of this 
drug in biological fluids has been investigated using 
spectrophotometric (1) and GC (2, 3) procedures. The 
former technique is not suitable for precise measure- 
ment because of high blank values, while the latter 
procedure, which eliminates the blank problem, is 


Figure 1-Gas chromatograms of plasma treated as described. Left: 
chromatogram from normul plasma. Right: chromatogram from 
normal plasma with 0.5 mcg./ml. of methaqualone added. 


Table I-Recovery of Methaqualone from Plasma 


Methaqualone Methaqualone 
Added, mcg./ml. Recovered, mcg./ml. Percent Recoverye 


0.20 
0.50 
1 .o 
2.0 
5.0 


10.0 


0.14 10 
0.31 74 
0.11 11 
1.4 70 
3 . 5  70 
6.9 69 


Average 11.7 f 1.3b 


0 Recoveries are based on a comparison to GC response to pure solu- 
tions of methaqualone. b Standard error. 


Table 11-Methaqualone Plasma Concentrations 
(Micrograms per Milliliter) in Human Subjects" 


Metha- 
qua- 
lone 
DO=, Hours 
ms. 0 0.25 0.5 1 2 4 8 


~ ~ ~ ~ 


400 Nonedetected 0.6 1.7 2.3 1.4 1 . 1  0.5 
800 Nonedetected 1 . 1  2.3 3.5 4.3 3 . 5  2.0 


a Each value given is an average of three subjects. 


tedious and time consuming. In addition, it requires 
5.0 ml. of plasma. This report describes a GC method 
for the determination for methaqualone that is simple, 
rapid, and reliable. 


EXPERIMENTAL 


GC-A dual-column gas chromatograph' equipped with a 
hydrogen flame-ionization detector and a I-mv. recorder' was em- 
ployed. Tbe chromatographic columns used were 0.6-m. (2-ft.) X 
0.6-cm. (0.25-in.) glass tubes packed with 3x XE-60 on 100-1#)- 
mesh Gas ChromQ'. The instrument settings were:columntempera- 
ture, 180"; injection port temperature, 240'; and detector block 
temperature, 230". Gas flow rates were: hydrogen, 25 ml./min.; and 
helium (carrier gas), 50 ml./min. Sensitivity settings were: range, 10; 
and attenuation factor, 2X. The retention times under these condi- 
tions were 1.6 min. for butyl stearate and 4.5 min. for methaqualone 
(Fig. 1). 


Reagents-The reagents were redistilled chloroform4 and butyl 
stearate4. 


Procedure-Plasma, 1.0 ml., was made alkaline with 0.05 ml. of 
1 N NaOH, and 0.2 ml. of chloroform containing 0.5 mcg./ml. of 


' F & M  model 402. * Minneapolis-Honeywell. 
3 Applied Science. 
4 Regis Chemical. 


Vd. 62, No. 5, May 1973 835 







0.0 


0.7 - 


0.6 - 


I- 
I 
9 0.5 - 
W 
I 
Y 2 0.4 - 
W 
2 
I- 5 0.3 - 
W 
p: 


0.2 - 


0.1 - 


1 


0 0.1 0.2 0.5 1 .o 
METHAQUALONE, mcg./rnl. 


a 


1.4 - 


1.2 - 


).. 1.0 
r cr 
y 0.8 - a 


- 
W 
I 


W 
0 
W > p 0.6 - 
5 
W 
p: 


0.4 - 


0.2 - 


0 1 2  5 10 
METHAQUALONE, rncg./rnl. 


b 


Figm 2-Relationship between relatiw peak height and methaqualone concentration in plasma. Key: a. 0.1-1.0 mcg./ml.; and b, 1.0-10.0 
mcg./ml. 


butyl stearate was added. The mixture was swirled using a Vortex 
mixer for 20 sec. and then was centrifuged for 10 min., and the 
aqueous layer was aspirated. One hundred microliters of the 
chloroform solution was transferred to a clean tube, and the solvent 
was removed under a stream of nitrogen. The residue was dissolved 
in distilled chloroform, 25 rl.,and 2.6 pl. of this solution was injected 
into the gas chromatograph. The concentration of methaqualone 
was determined by the relative peak height method, using butyl 
stearate as internal standard. 


RESULTS AND DISCUSSION 


The relationship between relative peak height and methaqualone 
concentration in the range of 0.1-1.0 mcg./ml. of plasma is shown in 
Fig. 2a. The reproducibility of the procedure, as indicated by the 
standard error of quadruplicate determinations, is also shown. 
Concentrations of methaqualone greater than 1.0 mcg./ml. can 
readily be determined using the same extraction technique while 
omitting the chloroform concentration step. In this procedure, an 
aliquot of the chloroform solution was injected directly into the gas 
chromatograph after aspiration of the aqueous layer. The results 
obtained with plasma concentrations of 1.0-10.0 mcg./ml. are shown 
in Fig. 2. 


The extraction technique effectively separates methaqualone from 
normally interfering plasma constituents since determinations with 
normal plasma give little or no blank (Fig. 1). About 70% of the 


plasma methaqualone is reproducibly extracted regardless of drug 
concentration (Table I) over a range of 0.2-10.0 mcg./ml. 


The blood-depletion pattern of methaqualone was studied by this 
procedure following oral administration of this drug to human sub- 
jects. The results obtained (Table 11) are similar to those reported 
previously by Berry (2). The drug reached only low levels in the 
plasma, probably due to its rapid uptake by adipose tissue (4). A 
400-mg. dose gave a peak plasma level at about 1 hr., while with a 
higher dose, 800 mg., the peak plasma level was obtained at  2 hr. 
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Preformulation Studies I: Molindone Hydrochloride 


J. DUDZINSKI, L. LACHMAN, E. SHAM, and J. TINGSTAD' 


Abstract 0 Preformulation studies on molindone hydrochloride, a 
dihydroindolone tranquilizer, are described. A TLC assay is out- 
lined, degradation products are identified, and results of stability 
studies are presented. The dissociation constant is estimated using 
pH determinations. 


Keyphrases 0 Molindone hydrochloride-preformulation assay 
development, identification of degradation products, stability, and 
estimated dissociation constant Preformulation assay develop- 
ment, identification of degradation products, stability, and esti- 
mated dissociation constant-rnolindone hydrochloride Drug 
development, preformulation studies-assay development, identi- 
fication of degradation products, stability, and estimated dissocia- 
tion constant 


This series of articles will present examples of pre- 
formulation studies that attain a proper balance be- 
tween exhaustive quantitative experiments and those 
that are only semiquantitative. Studies of this type 
should consider the overall time-economic factors 
present in new drug development. This paper is con- 
cerned with assay development, identification of deg- 
radation products, stability studies, and an estimation 
of the dissociation constant for a dihydroindolone 
tranquilizer, molindone hydrochloride [3-ethyl-6,7- 
dihydro - 2 - methyl - 5  -(morpholinomethyl)indol-4(5H)- 
one hydrochloride]. 


EXPERIMENTAL 


Selection of Assay-Molindone hydrochloride has UV absorp 
tion peaks at 255 and 299 nm., which can be used to determine 
quantitatively the pure drug substance. However, preliminary 
studies indicated that obvious chemical degradation (as evidenced 


0.6 


W 
0 z a m 
i 
t 


0.3 


a 
a i, i2 is 24 


CONCENTRATION, mcg./rnl. 


Figure 1-Standard Beer's law plot for molindone hydrochloride at 
255 nm. 


by color and precipitate formation) was not accompanied by a 
concomitant decrease in UV absorption. This showed that degrada- 
tion products absorb significant amounts of light at these wave- 
lengths and necessitate a separation procedure prior to the deter- 
mination of UV absorbance. TLC was selected as the separation 
procedure; the general technique described by Spencer and Beggs 
( I )  was used, with some modifications. 


Development of TLC System-Precoated silica gel plates' were 
employed; the developing solvent system was butanol-methanol- 
1 N HCI (85:10:5). Drug solutions (either freshly prepared or de- 
graded by heat2 or light) were spotted with previously calibrated 
disposable pipets. The system was then developed for 10 cm. in a 
sealed glass jar lined with saturated filter paper. Inspection under 
shortwave UV light provided initial qualitative analysis. 


Quantitative TLC Separation and UV Analysis-From 20 to 40 pl. 
of the solution to be assayed (representing 100-600 mcg. of drug) 
was applied to the plate and developed as already outlined. The 
plate was then dried and examined under shortwave UV light; the 
area containing the drug was removed from the plate with a razor 
blade and quantitatively transferred to a syringe fitted with a 
Millipore filter holder containing a 0.22-p filter. The silica gel was 
washed in the syringe with four 5-ml. portions of 0.1 N HCl; the 
washings were then filtered directly into a 25-ml. volumetric flask. 
The solution was brought to volume with 0.1 N HCl (also passed 
through the filter) and read at 255 nm. against 0.1 N HCl. A 0.1 N 
HCl blank was subjected to the same treatment. 


Preparation of Standard Cune--Because complete recovery of 
drug from silica gel is seldom accomplished, it was necessary to 
construct a standard curve. Solutions of molindone hydrochloride 
were freshly prepared in distilled water at concentrations of 0.5, 
0.7, 0.9, and 1.0% and subjected to the described quantitative TLC 
separation and UV analysis. Each determination was done in 
quadruplicate. 


Determination of Adsorption Isotherm-Results from the stand- 
ard curve data confirmed that extraction of the drug from silica gel 
was not complete. Consequently, an adsorption isotherm for this 
system was constructed to determine whether the amount of drug 
lost was constant. The average amount of silica gel scraped off 
the plate ( I  19.5 me.) was added to standard solutions of molindone 
hydrochloride (100, 200, 300,400, and 600 mcg./25 ml.). The flasks 
were then shaken for 5 min. and filtered through a 0.22-p filter. The 
absorbance of each solution was determined at 255 nm. against a 
silica gel-treated blank. No effort was made to control temperature 
carefully; this procedure would correspond to the conditions 
present during the assay. 


Identification of Degradation Products-The additional spots from 
the TLC treatment of degraded solutions were sprayed with test 
solutions (see Results and Discussion) to  indicate the chemical nature 
of the degradation products. In addition. the brown precipitate 
found in degraded samples was collected and decolorized by dis- 
solving in acetone-methanol (50:50) and treating with activated 
charcoal. After evaporating the filtered solution to dryness, the 
residue was recrystallized from methanol. Identification was made 
by comparison with a known compound and by elemental (C, H, N) 
analysis. 


Stability Studies-The stability of molindone hydrochloride (in 
solution and in dosage forms) was investigated in the usual manner. 
Constant-temperature baths were used for studies on the drug sub- 
stance, while ovens were used for dosage forms. 


Determination of Dissociation Constant-The dissociation con- 
stant of molindone was estimated by the procedure described by 
Stern cr al. (2). Molindone hydrochloride (0.001 or 0.0006 mole) was 
added to 450 ml. of recently boiled, distilled water. Two milliliters 
of 0.1 N NaOH was added, along with sufficient sodium chloride 


1 Brinkmann HF 254. 250 p. with fluorescent indicator. 
* All samples in this report, other than light-degraded ones, were pro- 


tected from light. 
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to bring the ionic strength to 0.2; then the solution was made up 
to 500 ml. with recently boiled, distilled water. The pH of the solu- 
tion at 25" was immediately measured using an expanded scale pH 
meter3. 


RESULTS AND DISCUSSION 


TLC of Freshly Prepared Solutions-Two spots with RJ values of 
0 and 0.5 are visible under shortwave UV light. The Rj 0.5 spot 
stains blue with iodoplatinate reagent (I, specific for heterocyclic 
nitrogen), stains blue with modified Ehrlich's reagent (11, specific 
for the indole ring), and exhibits a green fluorescence under long- 
wave UV light after spraying with Prochazka reagent (I l l ,  specific 
for the indole ring); all of these results indicate the presence of 
molindone. The RJ 0 spot is very faint and does not respond to any 
of the spray treatments. 
TLC of Heat-Degraded Samples-Molindone samples, whether 


heat degraded in the solid state or in aqueous solution, produce 
four spots visible under shortwave UV light. The RJ 0 spot does not 
stain with any of the three reagents. The Rj 0.24 spot (faint) yields 
a blue color with 1 and a faint blue color with 11, and it produces a 
faint green fluorescence under longwave U V  light in the presence 
of 111. The RJ 0.5 spot produces a blue color with I and a strong 
blue color with 11, and it reacts positively to 111. The RJ 0.79 spot 
does not react with I but yields a faint blue reaction to I1 and 111. 
TLC of Light-Degraded Samples-Light-degraded samples of 


molindone, whether solid or aqueous solutions, show three spots 
with Rj values of 0,0.24, and 0.5. These spots react in the same way 
as the corresponding spots of heat-degraded molindone; however, 
no Rj 0.79 spot is present in this case. 


Quantitative Assay Results-A standard Beer's law plot appears 
in Fig. 1 (absorptivity with lcm.  cell = 36.00 ml./mg.). The stan- 
dard curve for the TLC assay is shown in Fig. 2 (dope = 34.00 d./ 
mg.). Based upon the slopes of the least-squares lines in Figs. 1 and 
2, the average recovery in the standard curve data was 94.5x. To 
check the validity of the standard curve, nine determinations with 
h o w n  concentrations of drug were performed. reading the cal- 
culated concentrations off the standard curve. The average figure 


k 
molindone hydrochloride 


* Corning. 


was 98.7% with standard deviation of 0.23z, indicating that the 
assay procedure was valid. 


Determination of Adsorption Lsdhenn-The adsorption isotherm 
for the silica gel-molindone hydrochloride system is shown in Fig. 
3. The slope of the line is 33.50 ml./mg., which is in excellent agree- 
ment with the 34.00 value obtained for the standard curve. This 
indicates that a constant percentage of the amount of drug present 
is recovered from the silica gel; hence, it is valid to use the standard 
curve in assaying samples (initial and stability) of molindone hy- 
drochloride. It should be mentioned at  this point that no drug was 
adsorbed by the filters used in the assay procedure. 


Identification of Degradation Products-Chemically, molindone 
hydrochloride is 3 -ethyl -6.7- dihydro- 2-methyl- 5 -(morpholino- 
methyl)indol-4(5H)sne hydrochloride. From the TLC studies, the 
Rj 0.5 spot was identified as molindone hydrochloride, staining with 
Reagent I (specific for heterocyclic nitrogen, i.e., the morpholine 
substituent) and Reagents I1 and 111 (specific for the indole ring). 
The staining behavior of the Rj 0.79 spot, present in the heat- 
degraded samples but absent in the light-degraded material, in- 
dicated that the indole structure was present (positive I1 and Il l )  
but the morpholine substituent was not (negative I). This suggests 
an amine elimination reaction similar to that reported by Koshy 
and Mitchner (3). yielding morpholine and the following compound: 
3ethyl-6,7-dihydro-2-methyl-5-methyleneindol-4(5lf)sne (IV), used 
in the synthesis of molindone. 


Confirmation that the RJ 0.79 spot is, in fact, Compound IV was 
accomplished by comparing the recrystallized precipitate from heat- 
degraded samples with a known sample. The melting points coin- 
cided (known 217.5-219" uersus unknown 218-219"), as did their 
UV and IR spectra. TLC treatment of the two yielded RJ values of 
0.80 and 0.79, and the staining properties were identical with each 
other and with the aforementioned 0.79 spots. Finally, the elemental 
analysis of the precipitate yielded the following results. 


Anal.-Calc.: C, 76.15; H, 7.99; N, 7.40. Found: C, 76.05; H, 
8.12; N, 7.59. 
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Figure 3-Adsorption isotherm for silica gel-molindone hydrochloride 
a1 room temperature. 
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Table I-Pseudo-First-Order Rate Constants and Half-Lives for 
Molindone Hydrochloride Degradation at Various 
Temperatures and p H s  


Hall-Life, 
PH Temperature k ,  day-' days 


1.24 
1.46 
1.86 
2.24 
1.23 
1.47 
1.86 
2.22 


50" 
50" 
50" 
50" 
60" 
60" 
60" 
60" 


0.0051 
0.0056 
0.0044 
0.0045 
0.0161 
0.0140 
0.0128 
0.0140 


136 
124 
157 
154 
43 
50 
54 
50 


Trace amounts of this degradation product could be detected on 
the plates ( R I  0.79) by spraying with 0.5% potassium ferricyanide 
in a 10% aqueous solution of ferric chloride. While this reagent is 
not specific (it will react with most substances that are easily oxi- 
dized), it is very sensitive and stains the Rj 0.79 spot blue when the 
amount of the degradation product is too small to be detected by 
any of the aforementioned methods including UV light. 


The RI 0.24 spot probably represents oxidation products of 
molindone (4); the morpholine substituent probably hydrolyzes 
open and is not visible on the developed TLC plates. Because the 
work on the 0.79 spot indicated the nature of the primary degrada- 
tion reaction, no definitive experiments were performed on the 0.24 
spot. 


Stability Studies-While time did not permit a complete in- 
vestigation of molindone's stability to heat, light, oxygen, and pH, 
sufficient preformulation studies were conducted to point the way 
to successful formulation conditions. Fortunately, color develop 
ment could be used as a semiquantitative end-point to determine 
the effect of light, oxygen, and pH on the drug in solution. Results 
from these studies indicated that molindone was susceptible to 
light degradation and oxidation ; these conclusions were confirmed 
by the TLC studies. Brief semiquantitative experiments indicated 
that the usual protection from light (amber containers) and oxygen 
(inclusion of an antioxidant) was sufficient to prevent color forma- 
tion; subsequent studies concentrated on the effect of pH, buffer 
species and concentration, and heat. 


Because of various formulation restrictions, including solubility, 
taste (oral liquids), and tissue irritation (injectables), it was desirable 
to formulate solutions of the drug between pH 3 and 5. When using 
color formation as a rough indicator. it was found that a pH range 
of 2.8-3.5 was most desirable from a stability standpoint. With this 
preliminary information, the following quantitative experiments 
were performed. 


To show the effect of high concentrations of hydrogen ion on 
stability, four different aqueous solutions (0.1 7:) of molindone 
hydrochloride (pH adjusted to 1.2-2.2 with hydrochloric acid and 
ionic strength held constant with sodium chloride) were stored at 
50 and 60" and assayed periodically. The results (Table I)  indicated 
that: ( a )  the reaction (first order) was not particularly sensitive to 
hydrogen ion, and (b) the drug was relatively stable, having a half- 
life of about 140 days at 50" in this pH range. From these and sub- 
sequent experiments, the heat of activation was estimated to be in 
the "normal" range of about 20 kcal./mole. 


To show the effect of buffer species and concentration and to 
determine whether the pH 3 or 5 area was more desirable, three 
solutions (A, pH 5.0, 0.167 M citrate buffer; B, pH 5.0, 0.333 M 
citrate buffer; and C, pH 3.5,0.333 Mcitrate buffer, all at constant 
ionic strength) were stored at 70" and assayed periodically. The 
results (Fig. 4) confirmed the first-order nature of the reaction and 
indicated that: ( a )  the drug was about four times more stable at pH 
3.5 than at 5.0, and (b)  the reaction was catalyzed by citrate. No 
additional spots appeared on the TLC plates, eliminating the pos- 
sibility of a molindone-citrate reaction as might be suspected from 
the work of Higuchi and Miki ( 5 ) .  Similar results were obtained 
with bitartrate and phosphate buffers (still keeping ionic strength 
constant). Because of these results and because unbuffered solutions 
of rnolindone hydrochloride remain at a relatively constant pH with 
respect to time, no further attempts at buffering solutions of the 
drug were made. 


As a result of these experiments, formulation of solution dosage 
forms (oral and parenteral) was relatively routine; the stability of 
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Figure 4-Firsr-order plor of molindone hydrochloride degradation at 
70". Key: A ,  p H  5.0, 0.167 M cirrare buffer; B, p H  5.0, 0.333 M 
cirrate buffer; and C, p H  3.5,0.333 M citrate buffer. 


the resulting formulations was satisfactory. Preformulation work 
also included testing the stability ofthe drug with various tableting 
excipients. As expected from the pH-stabilty studies in solution, 
basic materials (e.g., dicalcium phosphate) proved to be unacceptable 
while acidic components (e.g., calcium sulfate) were acceptable. 
Determination of Dissociation Constant-The pKa of molindone 


was estimated to be 6.89 (using 0.001 mole of drug) and 6.76 (using 
0.0006 mole of drug). As Stern et al. (2) pointed out, the values of 
the dissociation constant obtained with this method are "semi- 
classical," since the hydrogen ion is expressed in activity units and 
the other figures in concentration units. The usefulness of this 
method for estimating dissociation constants is shown by the fact 
that subsequent determination of pKa by potentiometric titration 
in water-dioxane mixtures (then extrapolating to zero dioxane 
concentration), according to the method of Van Uitert and Haas 
(6), yielded a value of 6.94. 


CONCLUSION 


The information presented provides a good example of prefor- 
mulation studies that lead to meaningful semiquantitative and 
accurate quantitative results useful in product formulation. 
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C O M M  UNICA TI  ONS 


Effect of an Inhibitor of Glucuronide 
Formation on Elimination Kinetics of 
Diphenylhydantoin in Rats 


Keyphrases 0 Diphenylhydantoin eliminatiofi k i n e t i d e c t  of 
inhibition of glucuronide formation, rats 0 Elimination kinetics, 
dipknylhydantoin-eft of inhibition of glucuronide formation, 
rats Salicylamide inhibition of glucuronide formation-used to 
study diphenylhydantoin elimination kinetics, rats 0 Glucuronide 
formation, inhibition using salicylamide-eRect on diphenylhydan- 
toin elimination kinetics, rats 


Sir: 
The elimination of diphenylhydantoin (I) is dose 


dependent in mice (I), rats (2), dogs (3), and man (4). 
We recently showed ( 5 )  that the elimination of I in rats 
cannot be described by either first-order or simple 
Michaelis-Menten kinetics but that it is qualitatively 
consistent with product inhibition of the metabolism of 
I. This hypothesis was supported by observations that 
the major metabolite of I, 5-(p-hydroxyphenyl)-5- 
phenylhydantoin (II), does indeed inhibit the biotrans- 
formation of I in uitro (6) and in uiuo (7). These experi- 
ments involved the addition of I1 to a supernate of rat 
liver homogenate containing 1(6) or the repetitive ad- 
ministration of relatively large doses of I1 to rats who 
received a single injection of I(7). 


For a more definitive assessment of the role of product 
inhibition in the elimination of I, it was desirable to 
determine the effect of endogenous I1 (i.e., I1 derived 
entirely from the biotransformation of I) on the in uiuo 
elimination of I. Since I1 is eliminated primarily by 
conjugation with glucuronic acid (8), it should be possi- 
ble to increase the concentration of I1 at sites of bio- 
transformation of I by blocking the formation of the 
glucuronide of 11. This, in turn, should result in the in- 
hibition of the elimination of I if product inhibition is 
operative as hypothesized. 


We determined the effect of salicylamide, a potent 
inhibitor of glucuronide formation (9), on the elimina- 
tion of I. Male Sprague-Dawley rats, weighing 310- 
380 g., received single intravenous injections of I, 10 
mg./kg. body weight. Each injection included 2-pc. “C-1 
(specific activity 4.65 mc./mmole). Six of these animals 
were also given intraperitoneal injections of salicyl- 
amide, 200 mg./kg. 30 min. before I and 100 mg./kg. 
every hour thereafter for a total of four doses. Another 
five animals received injections of 0.9 % sodium chloride 
solution adjusted to pH 10 with sodium hydroxide. The 
salicylamide solution contained 10% of the drug and 
was prepared fresh with sufficient sodium hydroxide to 
yield a final pH of about 10. Blood samples were ob- 
tained every 10-30 min. for 210 min. ancj were assayed 
specifically for I by liquid scintillation spectrometry as 
described elsewhere (2,7). 


The results, presented as the geometric mean concen- 
trations of I in the blood of the salicylamide-treated and 
control animals, are shown in Fig. 1. The elimination of 
I was much slower in the salicylamide-treated rats than 
in the control animals. Additional experiments with one- 
half and onequarter of the doses of salicylamide yielded 
definite evidence of inhibition of I eliminatiod with the 
higher doses and none with the lower doses. Single 
experiments (due to limited material) to determine the 
effect of salicylamide on the elimination of W - I I ,  using 
the experimental methods described previously (7), 
indicated appreciable inhibition of I1 elimination (ter- 
minal half-life 2.2 hr. uersus 1 .O hr. for the control). 
, The results of this study provide additional support 


for the suggested role of product inhibition in the elimi- 
nation of I. If the inhibitory effect of salicylamide on 
the elimination of I is due to accumulation of 11, as 
would appear on the basis of the preliminary data pre- 
sented here, then a new type of drug interaction has been 
demonstrated. This type of interaction consists of a pri- 
mary inhibitory effect on the elimination of a drug me- 
tabolite, resulting in a decreased rate of elimination of the 
drug due to inhibition of :he biotransformation process 
by the accumulated metabolite. Hydroxylated metab- 
olites of drugs other than 1 are also able to inhibit the 
biotransformation of their precursors (lo), and other 
drugs with dose-dependent elimination characteristics, 
notably dicumarol, are also biotransformed to hydroxyl- 
ated metabolites. It is important, therefore, to explore 
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Figure 1-Effect of salicylamide on the elimination of diphenyl- 
hydantoin, 10 mg.lkg. i.0.. by adult male Sprague-Dawley rats. Key: 
0, control rats; and 0, rats treated with salicylomide, 200 mg.lkg. 30 
min. before diphenylhydantoin injection and 100 mg.lkg. every hour 
thereafter. Vertical bars indicate standard errors of the mean of the 
logarithmically transformed data for fiw control and six salicylamlde- 
treated animds. 
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the clinical significance of product inhibition and of the 
type of drug interaction described here. 
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Further Comments 
Spherical Micelles 


on the Existence of 


Keyphrases 0 Micelles-spherical wrsus nonspherical shape 
IJ Surfactantsspherical wrsus nonspherical micelles 


Sir: 


A study of the shape of micelles (I) ,  based on the 
combination of their measured size with geometric 
considerations of the extended length of the normal 
paraffin moiety, indicated that few surfactants having a 
single normal alkyl chain form spherical micelles. In 
Fig. 1 of a recent communication (2), Zografi and 
Yalkowsky superimposed the results of their calcula- 
tions, based on similar geometric considerations, on 
Fig. 1 of Reference I. The figure is a plot of z, the 
aggregation number or the number of surfactant mole- 
cules per mielle, uersm the number, n, of carbon atoms 
in the linear hydrocarbon chain of the single-chain sur- 
factants. Micelles with (z, n )  coordinates above the 
curves are unlikely to be spherical. Of the 32 sur- 
factants considered and plotted in Fig. 1, only one ful- 
filled the geometric prerequisites for spherical shape 


according to the solid line embodying the results of 
our original computations (1). Only 26 separate points 
were shown in Fig. 1 because the coordinates of another 
six surfactants overlapped points already plotted. 


The values of z calculated according to Eq. 5 and 
listed in the last column of Table I of Reference 21 have 
the largest differences from our maximum z values con- 
sistent with spherical shape. They are represented by the 
uppermost of the three curves of Fig. 1. There are 18 
surfactants with coordinates above that curve and 14 
with coordinates below or on it, which shows that even 
according to the more divergent of the two analyses of 
Zografi and Yalkowsky (2), the majority of the sur- 
factants under consideration are still unlikely to form 
spherical micelles. Moreover, the vertical axis was com- 
pressed by using a logarithmic scale for z, so that even 
points apparently lying close to the curve correspond to 
distinctly higher aggregation numbers than are con- 
sistent with spherical shape. 


Of the two simplifications introduced in the original 
geometric considerations, the first is expressed in Eq. 4 
of Referewe I, which correlates the molecular weight, 
m, of the normal alkyl chain of a single surfactant mole- 
cule with the number, n, of carbon atoms in that chain: 


m = 14.03n + 1.01 Si 14.03n (Eq. 1) 


This is equivalent to neglecting the length of the carbon- 
hydrogen bond and the van der Waals radius of the 
farthest hydrogen atom of the terminal methyl group. 
The second approximation, designed to compensate for 
the previous one, is to consider n carbon-carbon bond 
lengths in the hydrocarbon chain instead of the actual 
number n - 1. 


With the aid of Fig. 1, the length of the n-paraffin 
chain is now calculated rigorously and without approxi- 
mations. The chain is fully extended and in the all- 
trans conformation. Segment a, representing the con- 
tribution of the farthest hydrogen atom of the terminal 
methyl group, consists of two parts. The first is the van 
der Waals radius of this hydrogen atom, 1.2 A (3). The 
second part is the length of the corresponding hydrogen- 
carbon bond projected in the direction of tbe longitu- 
dinal axis of theextended chain, namely, 1.09A times the 
sine of one-half of the hydrogen-carbon-hydrogen bond 
angle of 111.5" (3-5), or 1.09 A sin (111.5"/2) = 1.09 


X 0.8266 = 0.90 A. Adding the two parts gives a = 


Segment b in Fig. 1 represents the contribution of a 
single carbon-carbon bond to the length of the extended 
chain. It equals the length of the carbon-carbon bond, 
namely, 1.541 (4, 5),  multiplied by the sine of one- 
half of the tetrahedral angle of 109.5" (35), or 1.541 A 
sin (109.5"/2) = 1.541 8, X 0.8166 = 1.258 A. Alter- 
natively, it can be calculated as 1.541 8, cos 35.25" = 
1.258 A. There are n - 1 such carbon-carbon bonds in a 
hydrocarbon chain of n carbon atoms, contributing 
( n  - 1) 1.258 A to the length of the extended chain. 


2.10 A. 


'In their Eq. 5, 20 rafi and Yalkowsky omitted the exponent '/a 
from the parameter t. %he. heading of their Table I Frroneoudy reads 
"Calculated Values of Maxlmum Radius." The table hststhe maxunum 
values for aggregation numbers z consrstent with spherical shape for 
different values of n. 
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Ascorbic Acid: Preferential Lysis and 
Catalase Induction in Antibiotic-Resistant 
Strains of Staphylococcus aureus 


B. D. RAWAL 


Abstract 0 Experiments revealed that antibiotic-sensitive staphy- 
lococci produce more catalase per unit viable cell than the anti- 
biotic-resistant strains. Ascorbic acid induces catalase activity in 
the antibiotic-resistant strains. In addition to the variations in 
catalase formation, ascorbic acid preferentially lyses antibiotic- 
resistant but not sensitive staphylococci in the exponential phase of 
growth. By using this criterion, a series of 36 hospital strains of 
antibiotic-resistant and sensitive strains were differentiated ( p  
<0.005) by ascorbic acid after a 90-min. incubation period. 


Keyphrases 0 Ascorbic acid-preferential lysis and catalase in- 
duction in antibiotic-resistant Sraphylococcus aureus 0 Sfuphy- 
lococcus aureus, antibiotic resistant-ascorbic acid-induced cat- 
alase activity and preferential lysis 0 Antibiotic-resistant staphy- 
lococci-ascorbic acid-induced catalase activity and preferential 
lysis 


The antimicrobial action of ascorbic acid is attributed 
to hydrogen peroxide resulting from the decomposition 
of ascorbic acid (1). It is well known that microorga- 
nisms overcome this lethal action of hydrogen peroxide 
by producing catalase. Indeed, ascorbic acid has been 
reported (2) to induce catalase in an antibiotic-resistant 
strain of Staphylococcus aureus. These authors also ob- 
served that catalase activity in cultures adapting to 
antibiotics in uitro gradually diminished or even stopped. 
It is, therefore, likely that the established antibiotic- 
resistant strains of staphylococci may produce less 
catalase than the antibiotic-sensitive strains. If this is 
the case, then these two groups of staphylococci may 
respond differently to ascorbic acid with regard to 
growth and/or catalase activity; antibiotic-resistant and 
sensitive staphylococci could then be distinguished on 
this basis. The present investigation was aimed at 
determining if catalase activity, response to ascorbic 
acid, and antibiotic resistance in staphylococci were 
associated. 


EXPERIMENTAL 


Test Organisms-S. aureus strain oxford and the phage prop  
agating strain PS84 were used as typical representatives of anti- 
biotic-sensitive and resistant staphylococci, respectively. In addition, 
34 hospital strains of staphylococci were tested. These strains were 
maintained by serial passage on nutrient agar (oxoid). 


Culture Media-Tryptone soya broth (oxoid) was used for all 
experiments. Ascorbic acid (2 .5 mg./ml.) was dissolved in this broth, 
and the pH was adjusted to 7.3 with sodium hydroxide. This ascorbic 
acid broth was sterilized by membrane filtration, while tryptone soya 
broth was autoclaved at I5 Ib. pressure for 15 min. 


Antibiotic Sensitivity-All cultures were tested for antibiotic 
sensitivity using the multodisks (oxoid) on nutrient agar plates. 
Strains PS84 and oxford were also tested by the tube dilution 
method. 


Growth Curve-Four sterile McCartney bottles (A, B, C, and D) 
were used in the growth curve experiment. Bottles A and B con- 
tained tryptone soya broth (20 ml. each); Bottles C and D contained 


Table I-Catalase Activity in Oxford and 
pS84 Strains of S. aureus 


S. aureus 


Rate of multiplication 
( generat ions/hour) ~ 


Ca-e activity.: 
Milligrams hydrogen 


peroxide 
Percent 


Catalase activityb 
x' test 


~~ 


-Medium 
Tryptone Soya 
Broth plus 2.5 


Tryptone Soya tng./.d.'Ascorbic 
-Broth (pH 7.3)- -Acid (pH 7.3)- 


Oxford PS84 Oxford ps84 


4.5 1.7 3.7 1.3 


8.350 5.601 2.811 7.110 


100 67 100 309 
100 100 67 126 


11.82 ( p  <0.001) 


Per I@ colony-forming unita up to 4 hr. of growth. b Expressed as 
percent of falalase activity in tryptone soya broth. 


tryptone soya broth fortified with ascorbic acid (2.5 mg./ml.) 
neutralized to pH 7.3. All transfers were made in a laminar work 
station. Bottles A and C were inoculated with S. aureus (oxford 
strain) grown overnight in tryptone soya broth. The absorbance of 
the final medium in these bottles after inoculation was 0.06 at 560 
nm.'. Similar inoculations were made in Bottles B and D with 
S. aureus (PS84 strain). A blank set of sterile tryptone soya and 
ascorbic acid broths was also included. All bottles were incubated 
at 37' under agitation. Aliquots from each bottle were aseptically 
removed at 0, I,  2, 3, and 4 hr. during incubation to determine the 
number of viable organisms, absorbance, and catalase activity. 


Measurement of Growth-Viable counts were made by plating 
syitable dilutions of the sample in 0.1-ml. amounts in nutrient agar 
plates. Colonies formed after 16 hr. of incubation at 37" were 
counted. 


The absorbance of each sample was measured at 560 nm.', using 
tryptone soya broth and ascorbic acid broth blanks as controls. 


Estimation of Catelnse-Catalase activity was estimated iodo- 
metrically (3). An aliquot of 1.0 ml. of each culture was added to 
10.0 ml. of 0.1 N hydrogen peroxide contained in a conical flask. 
Five minutes later, the enzyme was inactivated by adding 2.0 ml. 
of.2 N sulfuric acid. This was followed by 5 ml. of freshly prepared 
10% aqueous solution of potassium iodide and 2-3 drops of 15% 
ammonium molybdate. Liberated free iodine was then titrated 
against 0.1 N sodium thiosulfate. Blank readings were obtained by 
titrating the uninoculated broth; sulfuric acid was added to hydro- 
gen peroxide prior to adding the broth for this determination. 
Catalase activity in each sample, computed from the amount of 
sodium thiosulfate required, was then expressed as milligrams 
hydrogen peroxide decomposed in 5 min. Catalase activity was also 
expressed per 101 colony-forming units. This value was calculated 
by dividing the observed catalase activity by the actual number of 
colony-forming units per milliliter determined by the viable count 
method described. 


Growth Response (Absorbance) of Antibiotic-Resistmt and Sen- 
sitive Staphylocorci to Ascorbic Add-The basic standardization 
to determine the minimal amounts of ascorbic acid, the type of 
culture media, the amounts of inoculum, the minimum period of 
incubation, eft-., was made with the oxford and PS84 strains of S. 
uureus. Up to 2-3 hr. of incubation of the ascorbic acid broth did 


1 A Spectronic-20 was used. 
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Table 11-Growth" of Oxford and PS84 Strains of S. uureus in 
Tryptone Soya Broth Containing 2.5 mg./ml. 
Ascorbic Acid, pH 7.3 


Table 111-Differential Response to Ascorbic Acid by 
Antibiotic-Resistant and Sensitive Strains of Staphylococci after 
90 min. of Growth h i  Vitro 


~~ ~~ 


Time of 
Incuba- --Absorbance- -Colony-Forming Units- 
tion, hr. Oxford PS84 Oxford psa4 


Antibiotic- Antibiotic- 
Resistant Sensitive 
Strains Strains 


1 100 84 100 92.0 
2 120 70 104 96.5 
3 112 77 104 96.5 
4 105 94 108 96.5 


a Expressed as percent of growth observed in corresponding tryptone 
soya broth. 


not cause significant darkening. Furthermore, these strains com- 
pleted their exponential growth within 3 hr. of incubation under 
agitation. The test was based on the comparison of the absorbance 
formed in tryptone soya broth and the ascorbic acid broth. Conse- 
quently, at zero hour the inocula were adjusted so as to obtain 
identical absorbances in both media. The cultures were then in- 
cubated at 37" and absorbance was read at 560 nm. at varying time 
intervals. The absorbance in the ascorbic acid broth was expressed 
as the percent absorbance of that observed in the corresponding 
tryptone soya broth culture. Viable counts of the PS84 and oxford 
strains were made at each observation during the growth. 


RESULTS AND DISCUSSION 


The response of the antibiotic-resistant and sensitive staphylococci 
to ascorbic acid was measured by using four different parameters: 
((0 rate of growth, (b) catalase activity, (c)  catalase induction, and 
(d) susceptibility to ascorbic acid. 


Under the experimental conditions described, the PS84 strain 
multiplied at a significantly lower rate than the oxford strain (Table 
I). Such behavior of antibiotic-resistant strains was previously re- 
ported (4). What is unknown, however, is the significant difference 
in the catalase activity of antibiotic-resistant and sensitive staphy- 
lococci. In the present study, 108 colony-forming units of the anti- 
biotic-resistant PS84 strain produced 67 % of the catalase formed by 
108 colony-forming units of the antibiotic-sensitive oxford strain in 
tryptone soya broth. In ascorbic acid broth, however, the catalase 
activity of the PS84 strain was 309% of that of the oxford strain per 
108 colony-forming units. These differences ( x *  = 11.82, p = 
0.001) indicate that the antibiotic-resistant PS84 strain exhibited an 
impaired catalase activity as compared with the antibiotic-sensitive 
oxford strain. Increased catalase production may then be a charac- 
teristic of antibiotic-sensitive organisms. 


When ascorbic acid was added to the medium, however, the 
PS84 strain formed catalase in considerably larger amounts. Is it 
then likely that antibiotic-resistant staphylococci growing in the 
presence of ascorbic acid become increasingly susceptible to an 
antibiotic? This, indeed, is the case. Synergistic inhibition of S. 
aureus with ascorbic acid and penicillin was previously reported (5 ) .  
The author has also observed synergistic action between ascorbic 
acid and several antibiotics in uitro on the PS84 strain'. Furthermore, 


These data will be published elsewhere. 


Number of strains tested 28 8 
Mean absorbance? in 78 117 


r test 


ascorbic acid broth 
Standard deviation 3.7417 8.4853 


1 I. 1 ( p  <0.005) 


Expressed as percent absorbance of the corresponding tryptone 
soya broth culture. 


ascorbic acid acting singly and in combination with sulfameth- 
oxazole-trimethoprim inhibits Pseudomoms ueruginosa but not 
Streptococcus jbecalis (6). 


The variations in the catalase activity were also associated with 
the susceptibility of the strains to ascorbic acid (Table 11). 


In the presence of ascorbic acid, the absorbance of the oxford 
strain was 100% or more of the control throughout the observation 
period; the absorbance of the PS84 culture was well below 100% 
of the control throughout. Viable count determinations were not 
sensitive enough to highlight these differences, although the pattern 
was suggested. The data show preferential lysis of some antibiotic- 
resistant cells during exponential growth in the presence of ascorbic 
acid. It might then be said that exponentially growing antibiotic- 
resistant cells are sensitive to the lytic effect of ascorbic acid while 
antibiotic-sensitive staphylococci are resistant to it. Whether or not 
such a generalization is applicable to hospital strains of staphy- 
lococci was then investigated with 36 strains (Table Ill). 


The data in Table Ill reveal that antibiotic-sensitive hospital 
strains of staphylococci also produced a significantly higher absorb- 
ance, like the oxford strain, than the antibiotic-resistant strains in 
the presence of ascorbic acid (2.5 mg./ml.). 


In conclusion, this investigation reveals that antibiotic-resistant 
staphylococci produce significantly less amounts of catalase and 
are preferentially lysed by ascorbic acid during exponential growth. 
Antibiotic-sensitive staphylococci exhibit the opposite pattern. 
Further work would bear out the importance of this observation. 
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Colorimetric Determination of Aromatic 
Compounds by Hydroxylation 


KENNETH S. ALBERT and KENNETH A. CONNORS' 


Abstract 0 Aromatic hydroxylation has been developed into a 
widely applicable analytical method for aromatic compounds. A 
modified Hamilton hydroxylating system, consisting of hydrogen 
peroxide, ferric ion, catechol, and glucose, converts aromatic com- 
pounds to phenols, which are measured colorimetrically after oxida- 
tive coupling with 4-aminoantipyrine. The method is applicable to 
lO-'-IO-' M aqueous solutions of many substituted benzene 
derivatives, linear absorbance-concentration plots being obtained 
with apparent molar absorptivities in the range of 1-5 X 108. The 
method has been applied to numerous aromatic drugs. Many 
common tablet excipients do not interfere at normal formulation 
levels. As one of the few methods available for the detection of the 
phenyl group, this technique has the advantages and limitations of a 
general functional group method. 


Keyphrases Aromatic compounds-hydroxylation, colorimetric 
determination after oxidative coupling with Caminoantipyrine 0 
Hydroxylation of aromatic compounds-modified Hamilton sys- 
tem (hydrogen peroxide-ferric ion-catechol-glucose), colorimetric 
determination after coupling with Caminoantipyrine 0 Phenyl 
group determination-modified Hamilton hydroxylation, colorim- 
etry after oxidative coupling with 4-am'noantipyrine 0 Colorim- 
etry-determination of aromatic compounds, hydroxylation 
followed by oxidative coupling with Caminoantipyrine 


A method (Scheme I) for the quantitative determina- 
tion of aromatic compounds was recently described (1). 
An aromatic compound is converted to a phenol by the 
action of the Hamilton hydroxylating system (2-4), 
consisting of hydrogen peroxide and catalytic amounts 
of ferric ion and catechol; this system was modified 
by the incorporation of a cyclodextrin. After hydroxyla- 
tion, the product phenol is oxidatively coupled with 4- 
aminoantipyrine for spectrophotometric measurement 
(5-7). Many benzene derivatives were determined in 
this manner (1). 


Significant improvements have now been made in 
this aromatic hydroxylation method. The present paper 
describes the basis for these improvements and the 
application of the new method to numerous com- 
pounds of pharmaceutical interest. 


EXPERIMENTAL. 


Materials-The following chemicals were used as received: 
ferric perchlorate hexahydratel, potassium ferricyanide', ethyl ace- 
tate', acetone', chloroforma, methanol', benzene', toluene', iso- 
propyl alcohols, benzoic acid*, phenol', glucose*, aniline', 30% 
hydrogen peroxidel, lactose', stearic acid', benzaldehyde', nitro- 
benzene', hydroquinone', sorbitol', acetonitrile', dioxane', talc6, 
starch', 4-aminoantipyrine', N,N-dimethylformamid, Schardinger 


1 G. Frederick Smith Co. 
2 J. T. Baker Chemical Co. 
2 Mallinckrodt. 
4 Fisher Scientific Co. 
6 Merck. 
6 Beaver Dam Wholesale Co. 
'I Aldrich Chemical Co. 


Eastman. 


U- and fl-dextrinsD, L-phenylalaninelo, L-tryptophanll, quinine sul- 
fate', rn-creso18, pcresoP, m-chlorophenola, m-hydroxyacetophe- 
none, chloramphenicoll*, benzocBine13, phenacetin'l, d,/-man- 
delic acid'', antipyrine", d,/-ephedrine hydrochloride6, benzenesul- 
fonamide7, sulfanilamides, atropine sulfate, and chlorpheniramine 
maleate. Anisole' was found to be gas chromatographically pure 
(IOZSE-30.165'). 


C&hol1a was-recrystallized twice from toluene, m.p. 103-104' 
[lit. (8) m.p. 104"]; hydrocinnamic acid8 was recrystallized from 
petroleum ether, m.p. 47-48" [lit. (9) m.p. 47.548"]; benzamide 
was recrystallized from water, m.p. 125.5-127" [lit. (10) m.p. 125- 
126'1. The three methoxybenzoic acids were recrystallized from water : 
o-methoxybenzoic acid, m.p. 98.5-100" [lit. (10) m.p. 99-101 "I; m- 
methoxybenzoic acid, m.p. 104.5-105' [lit. (10) m.p. 104-105"]; 
andpmethoxybenzoic acid, m.p. 183-184' @it. ( I  1)m.p. 184"]. 


N-Methylbenzylamine was distilled at  reduced pressure, b.p. 
71 '/2 mm. Hg [lit. (12) b.p. 78"/14 mm. Hg]; methyl benzoates was 
distilled, b.p. 199.6" [lit. (13) b.p. 200"]; ethylbenzene was distilled, 
b.p. 135'[1it. (14) b.p. 135'1; benzyl alcohol8 was distilled at reduced 
pressure, b.p. 70"/15 mm. Hg [lit. (15) b.p. 104-105°/20 mm. Hg]; 
oCresol* was distilled, b.p. 191-192' @it. (16) b.p. 192"l; guaiacoP 
was distilled at reduced pressure, m.p. 28' [lit. (17) m.p. 27.4'1; p 
methoxyphenoP was distilled under reduced pressure, m.p. 53' 
[lit. (18) m.p. 53"); and salicylaldehyde was distilled at reduced 
pressure, b.p. 65-66'/2 mm. Hg[lit. (19) b.p. 197"/760 mm. Hg]. 


Salicylic acid8 was recrystallized from methanol-water, m.p. 159- 
160' [lit. (20) m.p. 158'1; m-hydroxybenzoic acid8 was recrystallized 
from water, m.p. 200' [lit. (21) m.p. 202'1; phydroxybenzoic acida 
was recrystallized from xylene+thanol, m.p. 213-214" [lit. (22) 
m.p. 212-213 'I; o-aminophenol was recrystallized from toluene- 
methanol, m.p. 174.5-176" [lit. (23) m.p. 171 "]; m-aminophenol was 
recrystallized from toluene-methanol, m.p. 122-123" [lit. (24) m.p. 
123 "1; o-nitrophenoP was recrystallized from ethanol, m.p. 44.5- 
45' [lit. (25) m.p. 45'1; mnitrophenoP was recrystallized from 
aqueous hydrochloric acid, m.p. 95-96' [lit. (26) m.p. 95-96']; p 
nitrophenol was recrystallized from toluene, m.p. 11 3-1 14" [lit. (27) 
m.p. 114'1; and m-hydroxybenzaldehyde was recrystallized twice 
from water, m.p. 101-103" @it. (28)m.p. 101-102'1. 


Acetanilids was recrystallized from water, m.p. 113-1 14" [lit. (29) 
m.p. 114'1; acetylsalicylic acid6 was recrystallized from acetone, 
m.p. 135-136' [lit. (30) m.p. 135"l; 2-naphthalenesulfonic acid1' was 
recrystallized from dioxane-benzene, m.p. 121423' [lit. (31) m.p. 
120-122']; phenobarbital14 was recrystallized from water-methanol, 
m.p. 174-176" [lit. (32) m.p. 174.5-175.5'); barbital" was recrys- 
tallized from water, m.p. 188-189.5' [lit. (33) m.p. 190'1; and d,l- 


9 R 


"A - 
Fe (111) 
csterhnl P O H  


4-amino- 
ant ipyrinr 


K,Fe(CN),, 
- 


R 


Scheme I 


it. N 


9 Pierce Chemical Co. 
lo SchwartzIMann. 
11 Nutritional Biochemical Corp. 
1% Ruger Chemical Co. 
18 Matheson, Coleman and Bell. 
14 Z. D. Gilman. Inc. 
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tropic acid was recrystallized from benzene, m.p. 116-117" [lit. (34) 
m.p. 116-117"]. 


Standard buffers were prepared according to Bates (35). Water 
was purified by passing once-distilled water through an ion-exchange 
column'5. Acetate buffer (pH 4.0), in which hydroxylation reactions 
were run, was prepared to be 5 X M in total buffer concentra- 
tion and 0.1 M in ionic strength; ionic strength was adjusted with 
potassium chloride. Borate buffer, used to quench the hydroxyla- 
tion reaction and as the color development medium, was prepared 
to be 0.4 M in total boric acid and 0.2 M in sodium hydroxide. Hy- 
drogen peroxide (3 %) was prepared by dilution of the 30 Z solution 
and was standardized by titration with potassium permanganate. 
Aqueous catechol solutions (3 X 10-3 M) were stored in the dark. 
Ferric perchlorate stock solution (1.5 X 10-2 M) was stabilized by 
adding 1 drop of 60% perchloric acid/% ml. of solution. Ferric 
perchlorate reagent solution (1.5 X lo-' M) was prepared by di- 
luting the stock solution. 


Apparatus-Spectrophotometric measurements were made in 
spectrophotometers'a equipped with thermostatted cell compart- 
ments. The pH measurements17 were made at  25.0". Reaction tem- 
peratures were maintained to 3 ~ 0 . 1 ~  with constant-temperature 
water baths, Thermometers were calibrated against thermometers 
carrying either an NBS or an ASTM certificate. 


Procedures-Analytical Method--To a 25-ml. volumetric flask 
are added 1.0 ml. of 3 X M aqueous catechol, 1.0 ml. of 
1.5 X Mferric perchlorate, 5.0 ml. of 1.8 X 10-1 Mglucose, and 
enough of the aromatic sample compound such that its concentra- 
tion in the diluted solution is in the range of 10-4-10-a M. The solu- 
tion is diluted to the mark with pH 4.0 acetate buffer, and the pH of 
the final solution should be in the range of 3.54.0.  


The flask is placed in a 75" water bath, and reaction is initiated by 
adding 0.1 ml. of 3% hydrogen peroxide solution. After 10 min., a 
5.0-ml. aliquot is pipeted into 5.0 ml. of borate buffer. The color is 
developed by adding 0.1 ml. of 3 %  (w/v) aqueous 4-aminoantipy- 
rine followed by 0.1 ml. of 10% (w/v) aqueous potassium ferricya- 
nide. The absorbance is measured immediately at  the absorption 
maximum against a reagent blank carried through the same proce- 
dure. A standard curve is prepared by subjecting known concentra- 
tions, bracketing the unknown concentration, of the same aromatic 
compound to the procedure. 


Chloroform Extraction Method--To achieve greater sensitivity or 
to circumvent fading of the color with some compounds (discussed 
later), substances giving a neutral extractable coupling product can 
be determined as follows. After hydroxylation is complete, 15.0 ml. 
of the reaction mixture is transferred to a 60-ml. separator contain- 
ing 10 ml. of borate buffer. To this is added 0.1 ml. of 3 % 4-amino- 
antipyrine, about 4 ml. of chloroform, and then 0.1 ml. of 10% 
potassium ferricyanide; the mixture is shaken for about 1 min. The 
chloroform layer is filtered through glass wool into a 5-ml. volu- 
metric flask. Then the separator is rinsed with an additional 0.75 ml. 
of chloroform, which is added to the first chloroform extract, and 
this solution is diluted to volume with chloroform. Its absorbance is 
measured at the absorption maximum against a reagent blank car- 
ried through the same procedure. 


Optimization Studies-During the development of the proposed 
method, many system variables were investigated including time, 
temperature, pH, concentrations and ratios of concentrations of 
reactants, other colorimetric finishes, other "stabilizers" (see Dis- 
cussion), and interferences. These studies were carried out in much 
the same manner as described under Aridytical Method, with ap- 
propriate variation in the feature being studied. 


RESULTS 


Unmodified Hamilton System-When catechol is subjected to 
the 4-aminoantipyrine colorimetric method, no significant inter- 
ference is observed at  wavelengths used for monohydric phenols. 
This lack of interference makes the 4aminoantipyrine method 
the finish of choice. It is, therefore, possible to carry out the color 
development directly in the hydroxylation solution. 


Continental Deionized Water Service. 
Cary models 14 and 16. 


17 Radiometer pH meter model 25 with Corning combination electrode 
476051, or Sar ent model DR pH meter with Sargent combination 
electrode S-3OO'h-lS. 


Table I--Effect of Reagent Age on Yield in 
Hydroxylation of A n i s o k  


Age of Hamilton System 
before Addition of Anisole, 


min. A m b  


0 0.461 
5 0.429 


10 0.317 
15 
30 
60 


120 


~ . ~ ~ .  


0 . 2 3 0  
0.205 
0.146 
0.068 


12@ 0.461 
180 0.012 
18W 0.036 


li 5.36 x 10-4 M anisole, 5.90 X lo-' M F a I I ) ,  1.17 X .lo-' M 
catechol. 1.06 X 10-8 M H2O1. oH 3.9. 25". 1-hr. reaction time. * 4- 
Aminoaitipyrine finish. Addiiibnal cakchdl (1.17 X lo-' M) and 
H~OZ (1.06 X 10-3 M) added at this time. Additional HzOz (1.06 X 
10-3 M) added at this time. 


Dependerrcc of Yield on Peroxide-Substrate Ratio-Typical initial 
reactant concentrations employed by Hamilton et al. (3, 4) were 
catechol. 1.5 X lo-' M; FdIII), 4 X M; hydrogen peroxide, 
2 X M: and substrate, 10-2 M. The reaction was followed by 
monitoring the loss of peroxide. As an analytical reagent, however, 
the hydrogen peroxide in the Hamilton system must be in excess of 
the aromatic substrate (sample). With these more practical condi- 
tions, the yield of phenolic product, as reflected by the absorbance 
from the 4-aminoantipyrine-coupled product, was markedly depen- 
dent upon time of reaction and initial ratio of peroxide to substrate. 
Moreover, when phenol was substituted for an aromatic substrate 
in such a system, hydroxylation occurred as shown by the absorb- 
ance decrease. 


Figure 1 shows the time course for the hydroxylation of anisole. 
At initial ratios of peroxide-anisole much greater than 2, production 
and then loss (by further hydroxylation) of rnonohydroxyanisoles are 
evident. When this ratio is about 2 or  less, stable absorbance values 
are obtained after 1-2 hr.; however, the yield is sharply dependent 
upon this ratio, being depressed as the ratio is decreased. In a practi- 
cal analytical situation, this ratio is not known and cannot be con- 
trolled. Under such conditions (namely [H2GI0 is constant and 
[ a n i s ~ l e ] ~  is variable), the percent yield of phenolic product depends 
upon the sample concentration, and a Beer's law plot with curvature 
is observed. The direction of curvature depends upon the [HEGIO- 
[substratelo ratio, being negative if this ratio is 2 or less and positive 
for values greater than 2. 


Deperiderrce of Yield on pH, Catechol, and Iron-Initial experi- 
ments revealed measurable but small differences in yield between 
studies carried out under nitrogen and in the presence of air. Most 
subsequent work was done with an air environment. 


Studies of yield (in these, as in other experiments unless otherwise 
noted, it is to be understood that yields are based upon absorbance 
values of the 4-aminoantipyrine-coupled products) established opti- 
mal conditions for several system variables when [HaO?]~~anisole]~ 
was held at  about 2 so as to give stable yields. The yield was found to 
be essentially independent of pH in the range of 3.542. The opti- 
mum concentration of catechol is about 1.2 X lo-* M, and the opti- 
mum ratio of Fe(II1) to catechol is 0.5, although the yield is not 
very sensitive to this ratio18. These optimum conditions were in- 
corporated into the recommended analytical method. 


Aging of Hatnilton System-Catechol, which is itself an aromatic, 
should be hydroxylated, possibly altering its catalytic effectiveness 
as well as depleting peroxide. This anticipated aging phenomenon is 
demonstrated in Table I, which shows that the time of addition of 
substrate to a pre-prepared Hamilton system affects the yield of 
hydroxylated product. When additional catechol plus peroxide is 
added, the yield returns to its  expected value, but addition of perox- 
ide alone does not restore the yield. These observations were used in 
designing the analytical method, the reaction being initiated by add- 
ing peroxide, that is, by completing the Hamilton hydroxylating 
system. 


~~~~~~ ~ ~ ~ 


Data substantiating these and other findings were reported else- 
where (36). 
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Figure 1-Change of absorbance with time (4-~inormtipyrinefish) 
for hydroxylation of anisole at 25" (nitrogen atmosphere). Initial 
conditions: 5.26 X I&& M anisole, 4.26 X M FdlII), 1.17 X 
1 0 - 4  M catechol, pH 3.9. Key: 0, [ H t O ~ ] ~ a n i s o l e ] ~  = 2.3: 8, 4.7: 
and., 23.6. 


Cyclodextrin-Modified Hy droxylating System-Figure 1 shows 
that under analytical conditions, where the hydrogen peroxide in 
the Hamilton system is in large excess of the aromatic sample com- 
pound, hydroxylation continues beyond the introduction of the 
first hydroxy group. This phenomenon reduces the attractiveness 
of the Hamilton system as an analytical reagent. 


The hypothesis was conceived that a cyclodextrin (ring com- 
pounds of 1,4-linked D - ~ ~ U C O S ~  monomers) might have a differential 
rate effect on the sequential hydroxylation steps as a consequence 
of its capability of forming inclusion complexes with aromatic 
compounds (37, 38). Figure 2 shows the time course for the 
hydroxylation of benzene in the presence and absence of cyclo- 
dextrins a t  an initial peroxide-substrate ratio of 6.75. Evidently the 
cyclodextrins have a profound stabilizing effect. About 10-$ M 
cyclodextrin gives an optimum effect; too high a concentration re- 
sults in depressed yields. Under the conditions given in Fig. 2, a 
linear Beer's law plot was obtained for benzenels over a concentra- 
tion range corresponding to initial peroxide-benzene ratios of 3.15- 
31.5, Incorporation of a cyclodextrin, therefore, provides a satis- 
factory analytical method. 


This method was successfully applied to 15 mono- and disub- 
stituted benzenes, using 1-2-hr. reaction times at 25' (1). Its ex- 
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Figure 2-Chw~ge of absorbance with time (4-aminoantipyrinefish) 
for hydroxylation of benzene ut 25'. Initial conditions: 5.38 X 1 0 - 4  M 
benzene, 1.I7 X 1 0 - 4  M catechol, 5.94 X M Fe(lll),  3.63 X 
I t a  M HtOl, p H  3.7. Key: 0, no cyclodextrin; a, 1.13 X lCa M 
8-cyclodextrin: and., 1.26 X 10- a M a-cyclodextrin. 


For this substrate,. an apparent molar absorptivity of 4.5 X 10' 
is obtained. corresponding to a 37 7?, yield of phenol. 


Table XI-Aromatic Compounds Determined by the 
Cyclodextrin-Modified Hydroxylation Methoda 


Compound 


An- 
aiy3& 


Reaction Wave- 
Time, length, 


nm.b 1 0 - 8  eaPp= hr. 


Acetanilid 2 510 3.9 
Phenacetin 1 . 3  490 2.7 
Aspirin 2 490 1.7 
Benzenesulfonamide 2 505 1.1 
Sulfanilamide 2 435 1 . 5  
Chloramphenicol 2 390 0 . 7  
Mandelic acid 2 500 2.1 
L-Phenylalanine 1 495 2.6 
Tropic acid 2 500 1.4 
Atropine 2 500 2 . 6  
Ephedrine 1 505 2 .7  
Phenobarbital 2 515 1 . 1  
Antipyrine 2 500 0 .9  
2-Naphthalenesulfonic acid 2 510 0 . 6  
L-Tr yptophan 2 485 0.5 
Quinine 2 490 0.5 
Physostigmine 2 495 0 . 2  


1.17 X 10-4 M catechol, 5.94 X ,lo-' M Fe(II1). 3.4 X lo-* M 
HzOZ, 1.0-1.3 X 10;' M p-cyclodextrin. pH 3.6-q.0, 25". Color.de- 
velopcd by the 4-aminoantipyrine method except with chloramphenicol 
and sulfanilamide, which were measured through the nitrophenolate 
absorption. Apparent molar absorptivity based upon total sample 
concentration, regardless of fate, in the final colorimetric solution. For 
more examples, see Reference 1. 


tension to some drugs and related compounds is shown in Table 11. 
Chlorpheniramine and benzalkonium chloride gave standard curves 
with marked negative curvature. Benzocaine could not be deter- 
mined because the product precipitated from solution. The pheno- 
barbital standard plot showed positive curvature. No significant 
interference ( p  = 0.05) was observed by tablet excipients in the 
determination of acetanilids; the mixture contained 35 mg. acetan- 
ilid, 100 mg. lactose, 10 mg. starch, 10 mg. talc, and 2 mg. stearic 
acid. 


Glucose-Modified Hydroxylating System-As a reasonable first 
step in determining the mechanism of stabilization by cyclodex- 
trins, a time course for hydroxylation was carried out with the 
incorporation of a- glucose instead of cyclodextrin. Figure 3 shows 
the effect of glucose on the hydroxylation of acetanilid. Evidently, 
glucose has a stabilizing effect similar to that of cyclodextrin, al- 
though higher concentrations of glucose are required. Figure 4 
is a Beer's law plot for the hydroxylation of acetanilid, showing that 
glucose provides a very satisfactory analytical result. 


0.6 


2 0.4 
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I 1 1 I I I 
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Figure &Time course for hydroxylation of acetanilid (4-amino- 
cuitipyrine finish) at 25" in the presence and absence of glucose. 
Initial conditions: 4.70 X I&' M acetanilid, 1.17 X lo-' M catechol, 
5.98 X M Fe(lll),  4.13 X 1 0 - 8  M H&. Key: 0, no glucose; 
8,1.26 X IWa M glucose; and., 1.26 X 10-2 M glucose. 


to The mixture. contained in a 50-ml. volumetric flask, was shaken 
with 30 ml. of water for 15 min. After diluting to volume, a 2.0-ml. 
aliquot of the filtrate was taken for analysis. 
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Figure 4-Concetrtration-resporlse curces for hydroxylation 0, 
aceranilid at 25" in the presence and absence of glucose. Condirions: 
1.17 X 1 0 - 4  M catechol, 5.98 X 1 0 - 6  M Fe(Ill), 4.13 X I&' M 
H&Z; 2-hi. reaction time. Key: 0, no glucose; and @, 7 X IPS M 
glucose (4-amitroaniipyrinefinislr). 


The effect of temperature on time of hydroxylation is shown in 
Fig. 5. The hydroxylation reaction reaches a stable yield value after 
about 10 min. above 70". At these higher temperatures, yields 
are slightly lower than at 25". Moreover, the glucose concentration 
giving maximum yield, which was established by varying the glucose 
concentration and measuring the resultant absorbances, is less at 
higher temperatures and is mildly dependent upon the substratela. 
At 75" the flucose concentration should be in the range of 2-5 X 
10-8 M for maximal yield and for yields independent of substrate 
concentration. With such conditions, phenobarbital gave a linear 
working curve. It was found that yield is independent of catechol 
concentration in the range of 1-5 X 1 0 - 4  M. 


Table III  gives analytical results on aromatic compounds sub- 
jected to the glucose-modified hydroxylation method as described 
in the Experimental section. Linear working curves were observed 
for most compounds at concentrations up to 1 X lo-' M. Chlor- 
pheniramine showed linear behavior up to 6 X lo-' M. Antipyrine 
gave a standard curve with negative curvature. Many of the Beer's 
law plots appear to intersect the abscissa close to the origin. This 
is probably a consequence of the very high peroxide-substrate ratio 
at low substrate concentration; it is not a serious analytical draw- 
back. 


A typical tablet formulation consisting of 65 mg. sodium pheno- 
barbital, 26 mg. lactose, 20 mg. starch, 20 mg. talc, and 0.3 mg. 
stearic acid gave an average recovery of 98.4 f 0.6% (four deter- 
minations)when compared with a standard phenobarbital solutionzi. 
When the lactose was increased to 200 mg. in the same formulation, 
a 10% decrease in response resulted. However, when the pheno- 
barbital was extracted from the tablet formulation prior to hydrox- 
ylation, an average recovery of 98.8 f 1.2% (four determinations) 
was achieved**. 


Other compounds were found to function effectively as stabil- 
izers, although for analytical purposes they offer no advantages 
over glucose. The optimum stabilizer concentration depends upon 
the identity of the stabilizers. These approximate values were ob- 


~ ~~~ ~~ ~ 


* I  The mixture, contained in a 50-ml. volumetric flask, was shaken 
with 30 ml. of water for 15 min.. the pH was adjusted to 3.9 with 5 X  
HCI, and the solution was diluted to volume with water. A 4.0-1111. 
aliquot was taken for analysis. 


* *  The mixture. contained in a Wml.  separator, was shaken with 10 
ml. of water for 1 5  min., acidified with hydrochloric acid, and extracted 
with one 20-1111. and three 15-ml. portions of chloroform. The chloro- 
form extracts were filtered through glass wool and evaporated to dry- 
ness. The residue was dissolved in acetate buffer and quantitatively 
transferred to a 100-ml. volumetric flask, and the solution was diluted 
to volume with buffer. An 8.0-ml. aliquot was taken for analysis. 


TabIe III-Aromatic Compounds Determined by the Glucose- 
Modified Hydroxylation Procedure" 


Analytical 
Wavelength, 


Compound nm! 10-3 €& 


Benzene 505 2.9 
Anisole 505 4.4 
Acetanilid 510 3.4 
Phenacetin 490 3.1 
Benzoic acid 495 1.7 
o-Methoxybenzoic acid 493 3.7 
m-Methoxybenzoic acid 493 2.8 
p-Methoxybenzoic acid 48 5 5.5 
Mandelic acid 500 1.3 
Atropine 500 2.1 
Ephedrine 505 2.2 
Phenobarbital. 515 1.3 
Chloramphenicol 390 0.8 
Chlorpheniramine 500 2.7 


1.17 x 10-4 M catechol. 5.94 X 10-6 M Fe(III), 3:4 x. lo-* M 
H a ,  3.7 X 10-5 M lucose. .pH 3.p-4.0, 10-mm. reaction time, 75". 


Color developed by t i e  Caminoantipyrine method except with chlor- 
amphenicol, which was measured through the nitrophenolate absorp- 
tion. Apparent molar absorptivity based upon total sample concentra- 
tion, regardless of fate, in the final colorimetric solution. 


served: lactose, 3 X 10-' M; sorbitol, 4 X M; acetonitrile, 
0.15 M; isopropyl alcohol, 0.01 M ;  dioxane, lo-' M; and acetone, 
0.1 M. 


Studies on Colorimetric Finish-The stability of the Camino- 
antipyrinecoupled dye has been the subject of several studies 
(7, 39, 40). Color instability has been associated with the presence 
of electron-withdrawing groups on the parent phenol (7). In the 
present work, a series of monosubstituted phenols was subjected 
to the Caminoantipyrine color development and the stability of the 
color was observed. It has been verified that electron-withdrawing 
groups enhance instability. Although the rateobservations weresemi- 
quantitative, it can be stated that significant fading will be observed 
if the Hammett substituent constant u is greater than about +0.3. 
An apparent exception is the amino group; thus, o-aminophenol 
gave an unstable color. It is possible that this group was oxidized 
to (for example) the N-nitroso function. 


In the analytical hydroxylation studies with compounds carrying 
electron-withdrawing groups, the absorbance after Caminoanti- 
pyrine coupling was measured as a function of time and extrapolated 
to zero time. With nitro compounds (and with sulfanilamide, which 
may be oxidized to a nitro compound under hydroxylation condi- 
tions), the yellow color produced by the nitrophenolate absorption 
upon addition of the borate buffer provided a suitable finish. 


Extraction of the Caminoantipyrine dye into chloroform has 
been proposed to stabilize and to concentrate thecolor (7,41). This 
procedure was also successful when applied to the hydroxylation 
method, as described in the Experimental section. 


DISCUSSION 


Stabilization Effect-A simplified view of the Hamilton hydrox- 
ylating system (Scheme 11) incorporates the idea of sequential hy- 
droxylation as revealed by the present data. Only the monohydroxy 
compounds (and not even all of these) are expected to couple with 
Carninoantipyrine. Since Hamilton and coworkers (2-4) observed 
that anisole and nitrobenzene are hydroxylated at comparable rates, 
the reagent is fairly nonselective, and it may be anticipated that 
kl CJ kt. The kinetic behavior is not as simple as Scheme I1 implies, 
however, because of the aging effect described earlier. The Hamilton 
reagent decomposes (by hydroxylation of catechol), and this phe- 
nomenon not only alters the catalytic effectiveness of the catechol 
but also consumes peroxide. 


The hypothesis leading to the use of a cyclodextrin as a potential 
stabilizer invokes a stabilization resulting from inclusion compound 
formation, the hope being that a phenol will bind more firmly within 
the cyclodextrin cavity than will the parent aromatic; thus the ratio 


aromatic kl IH&J monohydroxy ky LHzOtl dihydroxy 
compound - derivatives derivatives 


Scheme I1 
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Figure 5-EJect of temperature on time course for hydroxylation of 
phenobarbital and aceranilid with a glucose-modified Hamilton sys- 
tem. Conditions: 1.17 X 1 0 - 4  M catechol, 5.94 X 1 0 - 6  M Fdlll), 
3.90 X 1 0 - 8  M H z G ,  7.24 X IFa M glucose. Key: 0 ,5 .94  X 10-' M 
acetanilid, 74"; 0.8.64 X 1 0 - 4  M phenobarbital, 73": and., 8.64 X 
IF' M phenobarbital, 55 O (4-aminoantipyrinefish). 


kdkl would be effectively decreased. Although inclusion complexes 
are certainly formed in many of these solutions, their role in sta- 
bilizing the monohydroxy product appears to be a minor one, as 
evidenced by the similar effects produced by glucose and cyclo- 
dextrin. The stabilization effect must, therefore, have a more general 
basis than the one originally hypothesized for cyclodextrin. The 
nature of the time course curves suggests this basis. Addition of a 
stabilizer substance like glucose or cyclodextrin causes behavior 
that can be duplicated (at least qualitatively) by reducing the per- 
oxide concentration. The kinetic scheme should therefore be modi- 
fied to provide an additional pathway for depletion of peroxide. In 
SchemeII1,"ox" denotes the actual hydroxylating species, postulated 
by Hamilton to result from a 1 : 1 : 1 complex of hydrogen peroxide, 
iron, and catechol; Sis thearomaticsubstrate; P is monohydroxylated 
product; I is the stabilizer or "inhibitor" substance; and P' is the 
product of unspecifiednaturearisingfrom theactionof "ox"on 1.This 
kinetic scheme achieves generality with the stipulation that I is 
any substance other than S or P that can consume peroxide. In 
the recommended analytical procedure, I is (mainly) glucose, but 
other solution components can function in the same way; thus, the 
acetate buffer, catechol, product P', and components of the sample 
other than S can all serve as I and account for the consumption of 
peroxide. Stabilization results from the depletion of peroxide. 


An expression for this effect is easily obtained by applying the 
steady-state approximation to the intermediate "OX" : 


where k' = kl[Fe(IIl)~catecholl, ro = [H&lo/[S]o, rt = [H&l/ 
[SIO, p,= [SI/MO, Y = IP!/[Slo, x = [40/[Slo, and z = [Il/[Slo. The 
condition of a stable state with respect to P means that d[P]/dt = 0; 
this can be met if rt = 0 or if aka = ykp.  That the former condition 
holds is indicated by Fig. 6, which shows that the addition of fresh 
Hamilton reagent at the stable state results in loss of monohydrox- 
ylated product. 


Equations 2 and 3 are the material balances on substrate and 
peroxide, where it is assumed that [ox] << [H201] and that P' is 


0.4 C l  


I I I I I I 
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Figure 6-Effect of addition of Hamilton reagent at the stable state 
(d[P]/dt = 0)  otr the time course for hydroxylation itr a cyclodextriti- 
modified system. Conditions: 1.16 X 1 0 - 4  M catechol. 5.94 x 10-6 
M Fe(Ill), 3SS X IO-' M H202, 6.37 X lo-' M anisole, 1.08 X 1 0 - 3  
M cyclodextrin, 25 ", 4-aminowrtipyritie finish. Key: 0, normal time 
course; and @, Hamilton reagent (iron, catechol, and peroxide) added 
at 60  min. 


dihydroxylated (hence the stoichiometric factor 2): 


[ s l o  = [sl + [PI + [P'I 0%. 2) 


IH20210 = [HAM + [PI + 2[P'l + n ( [ l ] o  - [ID (Eq. 3) 


For convenience, n is taken to be unity and [do is adjusted accord- 
ingly; that is, the inhibitor concentration is specified on an equiv- 
alent rather than a molar basis. Then with the earlier definitions: 


ro = rt + 2(1 - a)  + x - y - z (Eq. 4) 


Applying the stable-state condition r r  = 0 to Eq. 4 gives Eq. 5 for 
the yield y of monohydroxylated product: 


y = 2 ( 1  - a ) + x - r o - - z  (Eq. 5 )  


If e., is the weighted average molar absorptivity of the rlarnino- 
antipyrine-coupled monohydroxy products, then A = e , y P ]  = 
esvby[S1o, or: 


A = e.a2(1 - a )  + x - ro - z1S]0 (Eq. 6) 


Lacking quantitative data on all system components, it is not possi- 
ble to specify the behavior of a and L; the quantities x and ro, how- 
ever, are initial conditions, and it appears that the magnitude and 
sign of ( x  - ro) may control the shape of the concentration-response 
plot of A against [q0. When x = ro, d(x - ro),/d[S]o = 0 and the 
yield is independent of substrate concentration (with respect to the 
influences of x and ro); a linear Beer's law plot is expected. When x < 
ro, d(x - r,,)/d[Slo is positive, leading to a positive curvature in the 
Beer's law plot. When x > ro, negative curvature is predicted. 


Some of these predicted phenomena appear to match the results 
described earlier. There are two conditions under which a linear 
Beer's law plot is observed. One of these, the typical analytical situa- 
tion, is when both ro and x are large and variable. The suggestion 
above is that x = ro is the essential condition for a linear response. 
If the number of oxidizable carbon atoms in the added stabilizer 
molecule is taken to define the number of equivalents per mole of I, 
then the optimal range of x values observed is about 20-400 for 
cyclodextrin, glucose, sorbitol, and lactose, whereas ro was 4-40 
in these. same studies. This overlap of ranges indicates that the 
approach may be valid. 


The other condition for linearity is when ro 5 2 and is held con- 
stant as [slo varies and no external stabilizer is added. Then the role 
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of I is played by normal system components. including P’, so x 
may remain small and essentially constant. In comparison, when ro 
5 2 and [H?O& is held constant as [Sl0 varies, x tends to become 
larger than ro as [qo is increased (in the absence of added stabilizer) 
because of the contribution of P’; negative curvature is Seen in the 
Beer’s law plot. When ro is large and no stabilizer is added (ro > x) ,  
positive curvature is seen (Fig. 4, open circles). 


Analytical Method-The proposed analytical method is appli- 
cable to the determination of many aromatic compounds in the 
range of 10-clO-a M in aqueous solution. For it to be applicable, 
the aromatic sample compound must be hydroxylated and the re- 
sulting phenol must couple with Caminoantipyrine. These are not 
highly restrictive limitations, although the latter may be important 
for some samples. For example, pyridine gives no color when sub- 
jected to the procedure. Separate experiments showed that 0- and p 
hydroxypyridines do not yield a color upon treatment with 4-amino- 
antipyrine, whereas m-hydroxypyridine does give a color. Appar- 
ently, pyridine does not produce m-hydroxypyridine in significant 
yield upon treatment with the hydroxylating agent, although the 
other isomers may be produced. It may usually be expected that a 
para-substituted phenol will not couple with 4-aminoantipyrine 
unless the substituent is eliminated in the coupling reaction. The 
sensitivity of the method, which is quantitatively expressed in the 
apparent molar absorptivities, is therefore a function of the total 
yield of monohydroxy products, of the positional isomer distribu- 
tion, and of the molar absorptivities of the 4-aminoantipyrine- 
coupled dyes of the various isomers. 


The analytical data presented here and earlier (1) permit a com- 
parison between the responses of a series of sample compounds sub- 
jected to the cyclodextrin-modified reagent at 25’ and the glucose- 
modified reagent at 75”. Although some individual differences ap- 
pear to be significant (possibly because of the inclusion complexing 
capability of cyclodextrin), the average molar absorptivity for 13 
compounds subjected to the cyclodextrin system was (2.8 f 1 .1 )  
X loa, and it was (2.7 * 1.3) X log for the same compounds with 
the glucose system. On the average, then, the two analytical sys- 
tems give the same response, so the glucose-modified reagent, with a 
10-min. reaction time at 75”, is preferred for practical reasons. 


The most serious limitation to this method of analysis is its 
susceptibility to interference. The manifestation of this inter- 
ference is a decreased response (lower absorbance values than an- 
ticipated). Its basis is a competition for the available peroxide. 
In effect, aliphatic components of the sample act as added stabilizers 
(I in Scheme 111) and, since the analytical reagent already contains 
an optimum stabilizer concentration, they depress the yield of 
hydroxylated aromatic. This is probably why equimolar concentra- 
tions of several organic solvents gave varying degrees of interfer- 
ence, with dioxane being the worst participant (1). If the concentra- 
tion (that is, its normality with respect to peroxide concentra- 
tion) is low enough, it will not seriously interfere, but higher concen- 
trations cause a decreased response. This effect was described 
earlier for a tablet formulation, where it was shown that a simple 
prior separation eliminated the interference. 
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Further Comments 
Spherical Micelles 


on the Existence of 


Keyphrases 0 Micelles-spherical wrsus nonspherical shape 
IJ Surfactantsspherical wrsus nonspherical micelles 


Sir: 


A study of the shape of micelles (I) ,  based on the 
combination of their measured size with geometric 
considerations of the extended length of the normal 
paraffin moiety, indicated that few surfactants having a 
single normal alkyl chain form spherical micelles. In 
Fig. 1 of a recent communication (2), Zografi and 
Yalkowsky superimposed the results of their calcula- 
tions, based on similar geometric considerations, on 
Fig. 1 of Reference I. The figure is a plot of z, the 
aggregation number or the number of surfactant mole- 
cules per mielle, uersm the number, n, of carbon atoms 
in the linear hydrocarbon chain of the single-chain sur- 
factants. Micelles with (z, n )  coordinates above the 
curves are unlikely to be spherical. Of the 32 sur- 
factants considered and plotted in Fig. 1, only one ful- 
filled the geometric prerequisites for spherical shape 


according to the solid line embodying the results of 
our original computations (1). Only 26 separate points 
were shown in Fig. 1 because the coordinates of another 
six surfactants overlapped points already plotted. 


The values of z calculated according to Eq. 5 and 
listed in the last column of Table I of Reference 21 have 
the largest differences from our maximum z values con- 
sistent with spherical shape. They are represented by the 
uppermost of the three curves of Fig. 1. There are 18 
surfactants with coordinates above that curve and 14 
with coordinates below or on it, which shows that even 
according to the more divergent of the two analyses of 
Zografi and Yalkowsky (2), the majority of the sur- 
factants under consideration are still unlikely to form 
spherical micelles. Moreover, the vertical axis was com- 
pressed by using a logarithmic scale for z, so that even 
points apparently lying close to the curve correspond to 
distinctly higher aggregation numbers than are con- 
sistent with spherical shape. 


Of the two simplifications introduced in the original 
geometric considerations, the first is expressed in Eq. 4 
of Referewe I, which correlates the molecular weight, 
m, of the normal alkyl chain of a single surfactant mole- 
cule with the number, n, of carbon atoms in that chain: 


m = 14.03n + 1.01 Si 14.03n (Eq. 1) 


This is equivalent to neglecting the length of the carbon- 
hydrogen bond and the van der Waals radius of the 
farthest hydrogen atom of the terminal methyl group. 
The second approximation, designed to compensate for 
the previous one, is to consider n carbon-carbon bond 
lengths in the hydrocarbon chain instead of the actual 
number n - 1. 


With the aid of Fig. 1, the length of the n-paraffin 
chain is now calculated rigorously and without approxi- 
mations. The chain is fully extended and in the all- 
trans conformation. Segment a, representing the con- 
tribution of the farthest hydrogen atom of the terminal 
methyl group, consists of two parts. The first is the van 
der Waals radius of this hydrogen atom, 1.2 A (3). The 
second part is the length of the corresponding hydrogen- 
carbon bond projected in the direction of tbe longitu- 
dinal axis of theextended chain, namely, 1.09A times the 
sine of one-half of the hydrogen-carbon-hydrogen bond 
angle of 111.5" (3-5), or 1.09 A sin (111.5"/2) = 1.09 


X 0.8266 = 0.90 A. Adding the two parts gives a = 


Segment b in Fig. 1 represents the contribution of a 
single carbon-carbon bond to the length of the extended 
chain. It equals the length of the carbon-carbon bond, 
namely, 1.541 (4, 5),  multiplied by the sine of one- 
half of the tetrahedral angle of 109.5" (35), or 1.541 A 
sin (109.5"/2) = 1.541 8, X 0.8166 = 1.258 A. Alter- 
natively, it can be calculated as 1.541 8, cos 35.25" = 
1.258 A. There are n - 1 such carbon-carbon bonds in a 
hydrocarbon chain of n carbon atoms, contributing 
( n  - 1) 1.258 A to the length of the extended chain. 


2.10 A. 


'In their Eq. 5, 20 rafi and Yalkowsky omitted the exponent '/a 
from the parameter t. %he. heading of their Table I Frroneoudy reads 
"Calculated Values of Maxlmum Radius." The table hststhe maxunum 
values for aggregation numbers z consrstent with spherical shape for 
different values of n. 
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Table I-Maximum Values for the Aggregation Number of 
Micelles of n-Alkyl Surfactants Consistent with Spherical Shape 


Extended 
Chain 


n h g t h o ,  A diso/irob w, A d ZmU 


10 14.05 0.791 141.31 39.2 
12 16.57 0.802 169.37 54.3 
14 19.08 0.811 197.43 72.0 
16 21.60 0.818 225.49 92.2 
18 24.12 0.823 253.55 114.9 


0 From Eq. 2. b Specific gravity of the hydrocarbon moiety. 5 From 
Eq. 5. d From Eq. 4. 


The contribution e of the bond between the a-carbon 
atom and the oxygen or nitrogen heteroatom is cal- 
culated as the covalent radius of the carbon atom, 0.77 
8, (3), multiplied by the sine of one-half of the tetra- 
hedral bond angle. The presence of a heteroatom does 
not significantly distort that angle (4, 5). Therefore, 
e = 0.77 8, sin (109.5"/2) = 0.63 A. The heteroatom 
may be an ether or an ester oxygen belonging to a 
polyoxyethylated nonionic surfactant or an alkyl 
sulfate, respectively. Either oxygen atom has two pairs 
of unshared electrons with which it binds two water 
molecules by hydrogen bonds (6). If the heteroatom is 
a nitrogen cation, it is also hydrated. Therefore, the 
boundary between the hydrocarbon core and the shell of 
hydrated headgroups of the micelle lies between the a- 
carbon and the heteroatom. It could even be argued 
that the acarbon atom bound to an ether or ester 
oxygen, being at the positive end of a permanent dipole 
of medium strength, attracts the oxygen atom of a 
water molecule through dipole-dipole interaction. 


The extended chain length of the hydrocarbon moiety, 
L, is thus represented by the equation: 


L = 2.10 + (n - 1) 1.258 + 0.63 = 


2.73 + (n - 1) 1.258 (Eq. 2) 


This is the maximum value for the radius of the hydro- 
carbon core of a spherical micelle that does not have a 
hole in its center. The approximate m. 6 of the original 
calculations (1) is now replaced by the exact expressions: 


0.7346 (zm/d)% < L (Es. 3) 


and : 


(Eq. 4) 


where d is the specific gravity of the hydrocarbon 
core. Use of the true values for m given by: 


m = 14.03n + 1.01 (Eq. 5 )  


results in the exact values for zmax, the highest aggrega- 
tion number consistent with spherical shape, listed in 
the last column of Table I. According to these values, of 
the 32 surfactants considered, 23, or 72 %, have aggrega- 
tion numbers in excess of Zmm and are, therefore, un- 
likely to form spherical micelles. Only nine surfactants 
have aggregation numbers equal to or below Zmax and 
may form spherical micelles. 


The geometric considerations of Zografi and Yalkow- 
sky (2) have two shortcomings. First, the contribution of 


Figure 1-Normal alkyl chain in rhe fully extended all-trans con- 
formation. 


a single bond to L does not equal the length of that 
bond because the bond is not parallel to the chain axis 
but follows a zigzag course conforming with the tetra- 
hedral angle. The contribution is the projected length 
of that bond onto the chain axis, or the bond length 
times the sine of one-half the tetrahedral bond angle. 
The second point, already discussed, is that the hetero- 
atom, which is either an oxygen atom or a nitrogen 
cation, is associated with water and cannot be con- 
sidered part of the hydrocarbon core of the micelle. As 
Zografi and Yalkowsky pointed out, Tartar (7) solved 
this point by taking one-half of the carbon-oxygen 
bond2 distance as contribution to the hydrocarbon 
core. Therefore, one C-C bond length in their Eq. 4 
should be replaced by one-half of a C-0 bond length 
multiplied by the sine of one-half of the tetrahedral bond 
angle. Applying these considerations to Eq. 4 of Refer- 
ence 2 changes it to: 


R < 1 . 2 7 ( n -  1)+2+(1.42/2)sin(109.5"/2) (Eq.6) 


which brings it into agreement with Eq. 2 in this 
article. 


When assuming a spherical shape for micelles, the radii 
of their hydrocarbon cores cannot exceed the length of 
the extended alkyl chains as long as the cores have uni- 
form density. Combining the values for L with those 
of the hydrocarbon density results in the revised values 
of z,,,.,, the Maximum aggregation number consistent 
with spherieal micelles, listed in Table I. Comparison 
of z,, with the experimentally determined z values 
for 32 surfactants having a single n-alkyl chain shows 
that 23, or 72%, have higher z values and are unlikely 
to form spherical micelles. 


The experimental data refer to surfactant solutions 
in water. The addition of electrolytes generally produces 
moderate increases in z of ionic surfactants in concen- 
trations not exceeding 0.5 M for univalent counterions; 
higher electrolyte concentrations produce considerable 
increases (8), especially on approaching salting-out 
conditions. Therefore, the percentage of systems form- 
ing nonspherical micelles would have been even greater 
if aggregation numbers of ionic surfactants in dilute 
salt solutions had been included. Micelles in solu- 


'Zoprafi and Yalkowsky (2) referred to a C-S bond in the alk I 
sulfate molecule but. since there is only a C-4-S bond, they evidentry 
had the C-0 bond in mind. 
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Taw II-Areas a t  Saturation Adsorption of Single-Chain Surfactant Molecuks at  20-25" 


Surfactant System 


h/ 
M o l y l e ,  


Method A' Reference 


Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium lauryl sulfate 
Sodium decyl sulfate 
Sodium tetradecyl sulfate 
Sodium octadecyl sulfate 
Sodium undecanesulfonate 
Sodium undecanesulfonate 
Sodium dodecanesulfonate 
Sodium dodecanesulfonate 
Sodium dodecanesulfonate 
Sodium largonate 
Sodium gurate 
Sodium laurate 
Potassium laurate 
Potassium laurate 
Potassium palmitate 
Potassium palmitate 
Sodium laurate 
Potassium laurate 
Dodecylammonium chloride 
Dodecylammonium chloride 


Air-water 
Air-0.115 MNaCl 
Air-water 
Air-0. 1 M Na+o 
Air-water 
Air-water 
Air-water 
Air-water 
Air-water 
Air-water 
Air-sodium chloride 
Air-water 
n-Hexane-water 
n-Nonane-water 
n-Heptadecane-water 
n-Heptane-water 
n-Heptane-sodium chlorideb 
n-Heptane-water f sodium chloride 
Petroleum ether-water f: sodium chloride 
Petroleum ether4.05 M NaCl 
Petroleum ether4 . 10 M NaCl 
Petroleum ether-0.25 M NaCl 
Petroleum ether450 M NaCl 
n-Heptane-water" 
n-Heptane-watep 
n-Heptane-water 
Air-sodium chlorideb 
n-Heptane-sodium chlorideb 
Air-water 
Air-water 
Air-water 
Air-water 
Air-water 
Air-sodium chlorideb 
Air-potassium chloride' 
Air-water 
Air-water 
Air-water 
n-Heptane-sodium chloridd 
n-Heptane-potassium chloride 
Air-water 
Air-water 


Radiotracer 
Radiotracer 
Radiotracer 
Radiotracer 
Foaming 
Surface tension 
Foaming 
Foaming 
Surface nsion 
Surface L o n  
Surface tension 
Surface tension 
Interfacial tension 
Interfacial tension 
Interfacial tension 
Interfacial tension 
Interfacial tension 
lnterfacial tension 
Interfacial tension 
Interfacial tension 
Interfacial tension 
lnterfacial tension 
Interfacial tension 
Interfacial tension 
Interfacial tension 
Interfacial tension 
Surface tension 
Interfacial tension 
Foaming 
Suface tension 
Surface tension 
Surface tension 
Surface tension 
Surface tension 
Surface tension 
Surface tension 
Surface tension 
Radiotracer 
Interfacial tension 
Interfacial tension 
Interfacial tension 
Foaming 


52.0 
38.4 
35 
33 
49.9 
47 
34 
40 
47 
43.9 
52 
37.7 
45.2 
47.6 
51 .O 
49 
53.4 
50.0 
35.9 
43.0 
45.0 
41.2 
41 .O 
50.0 
50.0 
45.6 
53 
54 
50.7 
53 
48 
39.0 
39 .O 
47 
43 
39.2 
35.9 
37.7 
45 
44 
31.9 
24 


13 
14 
15 
15 
16 
16 
17 
18 
16 
19 
20 
21 
19 
19 
19 
22 
20 
23 
23 
24d 
24 
24 
24 
22 
22 
23 
20 
20 
16 
16 
25 
23 
23 
20 
20 
21 
21 
21 
20 
20 
21 
17 


0 NatHPO, + NaHxPO4 buffer + enough NaCl to make the total Na+ concentration 0.1 M. * 9.8. for constant Na+ concentration. c Measured at 
50". d Reference 24 is the same as Reference 6 of Zografi and Yalkowsky (2). who mistakenly quote the journal as Proc. Roy. Soc. '4s. for constant 
K+ concentration. 


tions of ionic surfactants of concentrations not far 
above the CMC and at moderate salt concentrations, 
up to about 0.5 M but well below salting-out concentra- 
tions, are believed to maintain their spherical shape 
(9, 10). The effect of 0.2 M NaCl on the micellar size 
of sodium lauryl sulfate is smaller than the difference 
between the micellar sizes measured by various methods 
at a given sodium chloride concentration (8, 11). 


By assuming spherical shape and using the values 
for L, hydrocarbon density, and z,, of Table I, the 
surface area per hydrocarbon chain on the spherical 
boundary enclosing the hydrocarbon core ranges from 
63.3 Aa for decyl derivatives to 63.6 A2 for octadecyl 
derivatives. This is twice the limiting area per molecule 
of sodium lauryl sulfate and three times that of dodecyl- 
amine hydrochloride and of fatty acid soaps at the air- 
water interface, indicating that an ionic headgroup 
shields its hydrocarbon chain only incompletely from 
contact with water in spherical micelles. An alternative 
model for small micelles, with a smaller external area 
per hydrocarbon chain, would be energetically more 
favorable ( I ) .  


It is argued that limiting surface areas are only at- 
tainable under the influence of significant external 
forces capable of overcoming the electrostatic repul- 
sion and hydration of polar headgroups and that a 
more appropriate area for the purpose of comparison 
would be the area per molecule at the point of max- 
imum adsorption at the air-water or oil-water interface 
(2). The first point does not apply to the 18 nonionic 
surfactants used in the study nor to ionic surfactants 
in solutions containing 1 : 1 electrolytes at  concentra- 
tions below 0.5 M, where the area per hydrocarbon 
chain on the periphery of the core is still 63-64 A 2  if 
they formed spherical micelles. For the 14 ionic sur- 
factants in water, this argument was answered by Bury 
and Browning (12), who showed that the CMC value 
of a nonionic surfactant was lower by a factor of 10 
than that of an ionic surfactant having the same hydro- 
carbon moiety. The difference results precisely from 
the need of the ionic surfactant to overcome the elec- 
trostatic repulsion of the polar headgroups to form 
micelles. Moreover, being water soluble, the surfac- 
tant molecules adsorbed at the interfaces will be de- 
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sorbed and enter the bulk aqueous solution to form 
micelles when the compression at the interface becomes 
excessive. 


Concerning the second point, even the cross-sec- 
tional areas per surfactant molecules at the interfaces 
observed at saturation adsorption exceed the 63-64 Az 
area per alkyl chain on the core periphery of spherical 
micelles by significant amounts. This is shown in Table 
11, where the area for sodium lauryl sulfate averaged 
from the 23 reported values is 44 A1 per molecule, 
3 0 z  below the peripheral area calculated for a spherical 
micelle. Saturation adsorption was usually reached 
considerably below the CMC (20). 


The agreement between the areas measured directly, 
using radiotagged surfactants or foam analysis, and 
the areas calculated from surface and interfacial tension 
data by means of the Gibbs adsorption equation is 
excellent. For sodium lauryl sulfate at the air-water 
interface, the average value was 42.2 A2 per molecule 
according to direct measurements and 43.9 from the 
Gibbs adsorption equation. This vindicates the unit 
activity coefficient customarily used in that equation, 
as well as the factor “2” employed for ionic surfac- 
tants (16,23). 


Zografi and Yalkowsky (2) quoted a range of 50- 
70 A2 per molecule at saturation adsorption, which is 
considerably higher than the range of 24-54 A 2  in 
Table 11. Their high values stem from the inclusion of 
two series of surfactants which have more than one 
alkyl chain. The data of Boucher et al. (26) refer to 
a-sulfo fatty esters having Structure I. Each molecule 


/ 
\ 
I 


SOaNa 


R-CH 


-Ri 


contains two hydrophilic groups and two alkyl chains, 
which obviously increase its cross-sectional area com- 
pared to surfactants containing a single alkyl chain 
and a single hydrophilic group. The interfacial orienta- 
tion of the ester-sulfonate surfactants is also unusual 
(27). The data of Weiner and Zografi (28) refer to 
the chlorides of dodecylpyridinium, dodecyltrimethyl- 
ammonium, and dodecylethyldimethylammonium 
which, at saturation adsorption, occupied an area of 
69 Aa per molecule. The nitrogen cation of the first 
surfactant is part of a ring with five carbon atoms. 
In the other two, it is buried among four alkyl groups. 
The presence of these extra hydrocarbon moieties 
results in headgroups of large sizes in these and sim- 
ilar cationic surfactants, causing them to form micelles 
with more loosely packed hydrocarbon cores than sur- 
factants containing single alkyl chains. This is shown 
by their superior solubilizing capacity when compared 
with micelles of anionic and cationic surfactants having 
a single alkyl chain (29,30). 


Since the micelles of tetraalkylammonium halides have 
hydrocarbon cores with comparatively low densities, the 
area of the long hydrocarbon chain on the envelope of 
the micellar core is higher than the 63-64 A2 value calcu- 
lated for spherical micelles having the densities listed in 
Table I. These two classes of surfactants should not be 


included in a study (1, 2) on whether surfactants con- 
taining a single normal alkyl chain form spherical mi- 
celles. The interfacial area per molecule of a primary 
amine hydrochloride at  saturation adsorption was less 
than one-half of the area per hydrocarbon chain on the 
periphery of the micellar hydrocarbon core if the micelle 
were spherical (17, 21). For mono-n-alkyl sulfates and 
alkali metal soaps, the interfacial areas per molecule were 
30 and 35 x below the micellar areas, respectively (Table 
11). 


Another way of expressing the incomplete shielding 
of the hydrocarbon core from contact with water by 
the hydrophilic headgroups in spherical micelles is as 
follows (31). The cross-sectional area of the sulfate 
headgroup in an alkyl sulfate, measured on atoTic 
models or estimated from atomic radii (3), is 25 A2, 
identical with the limiting area per molecule in an inter- 
face (24). This is the area actually occupied by the head- 
group. The difference between 25 d;, and the inter- 
facial area at saturation adsorption (44 Az) ,,or the 
peripheral area on a spherical micelle (63.3 A2) per 
molecule of sodium lauryl sulfate is due chiefly to 
repulsion among the negatively charged headgroups. 
The void between the headgroups is filled with water. 
For an n-dodecyl surfactant foroming spherical micelles, 
zmu = 54A and L = R = 16.57 A. The area on the spher- 
ical en!elope of the hydrocarbon core is 4nR2 = 47r 
(16.57 A)2 = 3450 A,. Of this peripheral area, 54 X 
25 = 1350 Az or 3 9 x  is covered by sulfate head- 
groups, leaving 61 % of the hydrocarbon surface ex- 
posed to water. Alkyl sulfates have comparatively bulky 
headgroups. Fatty acid soaps and primary amine hydro- 
chlorides have considerably smaller headgroups, so 
that an even greater percentage of the periphery of 
their hydrocarbon core, approximately 75 x, is in con- 
tact with water. A different model for micelles, expos- 
ing less of the hydrocarbon portion to water, would 
be energetically more favorable. 


It is argued that the determination of surface potentials 
of micelles by acid-base titration and electrophoresis 
gives charge densities and, hence, molecular areas that 
are similar to areas at saturation adsorption (2). Po- 
tentiometric titrations are applicable only to surfac- 
tants like trialkylamine oxides (32), which are nonionic 
but become cationic in the presence of strong acids, 
or to amphoteric surfactants like N-dodecyl-p-amino- 
propionic acid, N-dodecyl-0-iminodipropionic acid 
(33). and long-chain fatty acylcarnitines (34). The 
headgroups of these surfactants are bulky because they 
contain two to three hydrophilic moieties and/or mul- 
tiple alkyl groups. This produces micelles with hydro- 
carbon cores of lower density than those formed by 
surfactants with single n-alkyl chains and with head- 
groups consisting of single ions, as already discussed. 
Therefore, even if the molecular areas in micelles of the 
complex, amphoteric surfactants approach or exceed 
64 A,, this does not corroborate the existence of spher- 
ical micelles of single-chain surfactants. 


Electrophoresis determines the {-potential from meas- 
urements of the electrophoretic mobility, U, according 
to the equation: 
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where K is the Debye-Huckel parameter, and r]  is the 
viscosity and D the dielectric constant of the water in 
the electric double layer. Lacking the exact values of 
r]  and D and their distribution across the double layer, 
it is common practice to use the corresponding values 
for bulk water, although D is somewhat lower and 7 
considerably higher, especially in double layers as- 
sociated with the high surface potentials of ionic mi- 
celles (35). The {-potentials are usually not corrected 
for surface conductance despite the pronounced effect 
of the latter on the mobility of particles with charge 
densities as high as those of ionic micelles in aqueous 
media of low ionic strength (36). These are the chief 
experimental difficulties in determining {-potentials. 
The main theoretical difficulties are to calculate the 
charge density at the micellar surface from the value 
of the {-potential measured at the plane of shear within 
the double layer and to correct for counterion binding. 
The exact solution to these complex problems remains 
to be found (35). Molecular surface areas in ionic mi- 
celles derived from electrokinetic measurements are 
subject to uncertainties of the same order of magnitude 
as the areas themselves and, therefore, do not lend 
themselves to distinguishing between spherical micelles 
and other models. 


It is argued that independent evidence, obtained by 
light-scattering or hydrodynamic methods, is consistent 
with spherical shape (2). Light scattering only provides 
information on the shape of those particles whose larg- 
est dimension exceeds one-twentieth of the wavelength 
of light, or about 250 A. In that case, dissymmetry 
develops, and it is possible to distinguish between a 
sphere, rod, random coil, ellipsoid, or cylinder from 
the angular intensity distribution of the scattered light 
(37, 38). A cylindrical micelle of sodium lauryl sulfate 
having an aggregation number of 200 (which is larger 
than that observed in 0.5 M NaCl solutions) would 
have a length of only 65 A at a density of 1.14. It is 
too small by a factor of 4 to give measurable dissym- 
metry. Therefore, light scattering is not suitable for 
determining the shape of the small micelles formed at 
concentrations that are low multiples of the CMC. 


To deduce the shape of a particle from hydrodynamic 
data requires a knowledge of the extent of its hydra- 
tion. For instance, by assuming that the particle is 
ellipsoidal, the frictional ratio, f/&, the ratio of transla- 
tional diffusion coefficients, D/  Do, or the intrinsic 
viscosity can be used to determine its asymmetry or 
axial ratio, provided its degree of hydration is known. 
The subscript o refers to the equivalent unhydrated 
sphere. An added complication is that the relationship 
between hydration, asymmetry, and frictional ratio or 
ratio of diffusion coefficients is different for micelles 
shaped like a sphere, a prolate ellipsoid, an oblate el- 
lipsoid, a rod, and a lamella (38). Thus, hydrodynamic 
methods do not provide sufficient information to discern 
between the combined effects of micellar shape, asym- 


. metry, and hydration on the data. 
In conclusion, exact geometric considerations com- 


bined with experimentally determined aggregation 
numbers for surfactants containing a single normal 
alkyl chain are inconsistent with spherical shape for 
72 % of the micelles for which data are available. Spher- 


ical shape would also result in incomplete shielding of 
the hydrocarbon portion of the surfactants from contact 
with water by the hydrophilic headgroups. 
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Trichloroacetic Acid-Induced Binding of 
Phenylthiourea to Erythrocytes 


ALAN B. COMMA and SHRI N. GIRI 


Abstract 0 Trichloroacetic acid precipitation causes the binding of 
phenylthiourea to the erythrocytes of a number of vertebrates. In 
rats, mice, and dogs, Scatchard plot presentations of the 
binding data indicate that there may be two sets of receptors in- 
volved in the binding. The total binding capabilities of the sets of 
receptors are of the same order of magnitude, but one set is of much 
greater affinity than the other. The induced binding of phenyl- 
thiourea to erythrocytes is probably related to acidity because a 
neutral precipitating agent did not cause binding. 


Keyphrases 0 Phenylthiourea binding to erythrocytes-induced by 
trichloroacetic acid 0 Erythrocytes-trichlooacetic acid-induced 
binding of phenylthiourea 0 Trichloroacetic acid-induced bind- 
ing of phenylthiourea to erythrocytes 0 Binding of phenylthiourea 
to erythrocytes--efTect of trichloroacetic acid 


The edema-producing thioureas, phenylthiourea and 
a-naphthylthiourea, exhibit a number of pharmacolog- 
ically interesting properties. Rats are among the ani- 
mals most susceptible to the acute toxic effects (l) ,  
which include pulmonary edema, pleural effusion 
(2, 3), and disturbances in carbohydrate metabolism 


In this laboratory, thiourea and phenylthiourea, 
after intraperitoneal injection in rats, have been shown 
to have apparent volumes of plasma distribution 
greater than the body size, an indication either of stor- 
age of the drug or of binding to some physiological 
component (7). Williams and Kay (8) showed that 
thiourea appears to be taken up by rat erythrocytes 
(red blood cells). Giri er al. (9, 10) reported that thiourea 
is not released from rat red blood cells by trichloro- 
acetic acid precipitation, a method frequently used to 
facilitate drug recovery from biological samples (7, 11). 
Heating of the rat red blood cell samples, however, 
did cause the release of thiourea. The trichloroacetic 
acid-associated binding of thiourea to rat red blood 
cells was of sufficient magnitude to be a possible ex- 
planation for the large apparent volumes of distribution. 


The present paper reports the extension of the bind- 
ing study to phenylthiourea. Because of the large ap- 
parent volumes of distribution shown for phenylthiourea, 
it was of interest to determine if a binding phenomenon 
similar to that reported for thiourea occurred with 
phenylthiourea. In addition, since rats are uniquely sus- 
ceptible to the toxic effects of the thioureas, the pos- 
sibility that this susceptibility might be related to 
species differences in the binding of phenylthiourea to 
red blood cells was explored by measuring the binding 
in a number of species. The quantitative nature of the 
binding was determined using binding isotherms and 
Scatchard plots of the data (1  I) .  Finally, preliminary 
equilibrium dialysis studies with phenylthiourea and 
rat red blood cells gave evidence of only slight binding 


(44). 


in comparison to the binding observed after trichloro- 
acetic acid precipitation of the red blood cells. This 
indication that the binding might be trichloroacetic acid 
induced was investigated. 


EXPERIMENTAL 


Chemicals-The chemicals included Folin-Ciocalteu phenol 
reagent', a carbonate-tartrate solution consisting of 10% sodium 
carbonate and 0.1 % potassium sodium tartrate (0.4 HtO), practical 
grade phenylthiourea' recrystallized twice from hot 95 ethanol, 
freshly prepared heparin' containing no preservatives, 50 % tri- 
chloroacetic acid, 1.32 and 5.3 N sodium hydroxide, freshly 
prepared 0.3 N barium hydroxide, and 0.3 N zinc sulfate. All 
aqueous reagents were prepared in deionized water. 
sourceS of Blood-Blood from male Sprague-Dawley rats, 


weighing over 150 g., was collected by decapitation and pooled. 
Freshly prepared heparin was used in all cases to prevent clotting. 
Ten-milliliter samples of blood from each of five mongrel dogs were 
obtained by venipuncture and pooled. Blood from approximately 
150 male Swiss-Webster mice was collected by cardiac puncture 
after ether anesthesia. 


Characterization of Binding-Samples of pooled blood were 
centrifuged at 4ooo r.p.m. for 10 min. and the plasma was removed 
by aspiration and discarded. The erythrocytes (red blood cells) were 
rinsed with saline and centrifuged, and the rinse solution was dis- 
carded. Then a known volume of saline was added to the packed 
red blood cells and the suspension was decanted into a graduated 
cylinder. The volume of packed red blood cells was determined and 
enough additional saline was added to the cylinder so that 4 ml. 
of the final dilution contained 1 ml. of packed red blood cells. 


Triplicate samples of the red blood cell suspension were incu- 
bated with varying amounts of phenylthiourea dissolved in saline. 
Table I shows the typical incubation scheme used; the items are 
listed in the order of addition to 25-ml. screwcapped tubes. After 
the final addition and mixing, the samples were incubated over ice 
with shaking for 30 min. An additional run at 37" was performed 
with the mouse red blood cells. After incubation, 2.5 ml. of cold 
50% trichloroacetic acid was added to each sample. The samples 
were then mixed and stored over ice for 30 min. before removing 
the supernates. 


Analyds of Phenylthiowea-A colorimetric method for phenyl- 
thiourea, based upon its reaction with the Folin-Ciocalteu phenol 
reagent, was used for analysis (12). The trichloroacetic acid super- 
nates were neutralized with one-tenth of their volume of 5.3 N 
sodium hydroxide. Each supernate and its appropriate blank were 
diluted 5--fold with deionized water, depending upon the amount 
of phenylthiourea originally present. A 3.0-ml. aliquot of each diluted 
supernate was placed in a 25 X 150-mm. test tube. To this tube were 
added 1 .O ml. of 1.32 N sodium hydroxide and 1 .O ml. of the carbo- 
nate-tartrate solution. Then 1.0 ml. of the phenol reagent (diluted 
1 :1 with deionized water) was added rapidly while the contents of 
the test tube were mixed on an electric mixer. Absorbance was 
measured at 750 nm.' after 1.5 hr. 


CaIculations-The phenylthiourea recoveries from each triplicate 
sample were averaged. The amounts not recovered were assumed to 
be bound. The limited solubility of phenylthiourea prevented addi- 
tion of concentrations greater than 2 mg./ml. to the incubation 


1 Fisher Scientific Co., Fair Lawn, N. J. 


J Sigma. 
4 Gllford photometer with Beckman monochromator. 


J.. T. Baker Chemical Co. 
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Table II-Dialysis Data" Table I-Typical Incubation System for Analysis of 
Trichloroacetic Acid Associated Binding of Phenylthiourea" 


Phenylthiourea Milliliters of Milliliters of 
Saline, Solution*, Red Blo+ Packed Red 


rnl. ml. Cell Dllution Blood Cells 


6.0 
5.0 
3.0 
0.0 
2.0 
3 . 0  
3.5 
4 . 0  


10.0 


0.e 4 . 0  1 .o 
1 .o 4 . 0  1 .o 
3 .O 4 . 0  1 .o 
6.0 4 . 0  1 .o 
6.0 2.0 0 .5  
6.0 1 .o 0.25 
6 .0  0.5 0.125 
6 . W  0.0 0 .o 
O.* 0.0 0 .0  


0 The first three columns show the order of addition to 25-ml.,screy 
capped tubes, making 10.0-inl. final volume. Each sample was in trip- 
licate. ! The phenylthiourea was dissolved in isotonic saline; the con- 
centrations used were either 1.90 or 1.00 mg./ml. c Blank used to esti- 
mate color reactions from sources other than phenylthiourea. d.* Internal 
standard and its blank, respectively. 


systems. Relutioe increases in phenylthiourea were achieved by 
decreasing the amount of red blood cells incubated (Table I). The 
amounts of phenylthiourea incubated with the decreased volumes 
of packed red blood cells were converted to the value: 


micromoles of phenylthiourea incubated per milliliter of solution 
milliliter of packed red blood cells 


Then the binding isotherm functions: micromoles of phenylthiourea 
bound per milliliter of packed red blood cells versus: 


micromoles of unbound phenylthiourea per milliliter of solution 
milliliter of unpacked red blood cells 


were calculated. 
Equilibrium Dialysis-One-centimeter diameter dialysis tubing 


was cut into 20cm. strips, and the strips were boiled for 0.5 hr. in 
deionized water. They were rinsed. flushed with deionized water, 
and stored under refrigeration until needed. Duplicate 10-ml. total 
volume dialysis systems, containing the equivalent of 1 ml. of 
packed rat red blood cells inside the tubing and varying amounts 
of phenylthiourea in saline outside the bag, were incubated with 
shaking for 18 hr. at 3-5" in a cold room. After incubation, the 
solutions outside the dialysis bags were analyzed. The amounts of 
phenylthiourea not recovered were assumed to be bound. 


Red Blood Cell Sedimentation-Rat red blood cells were used in 
an incubation similar to that shown in Table I. After incubation, 
the red blood cell suspensions were centrifuged for 10 min. at 
2OOO r.p.m. in a refrigerated centrifuge at 0". A 1-ml. aliquot of 
supernate from each sample was analyzed for phenylthiourea. 
The cells were then resuspended and precipitated with trichloro- 
acetic acid. The trichloroacetic acid supernates were neutralized 
and analyzed for phenylthiourea. 


Nonacidic Precipitating Agent-An incubation similar to that 


D o g  R R C  
0 


/ 
0 '  . *---.-- R o t  R B C  


- -cC M o u s m  R 8 C  o t  0. 


. .+- t- Mousm R B C  o t  5 7 .  


0.01 0.1 1.0 10 100 
pmoles UNBOUND PHENYLTHIOUREA/ml. SOLUTION 


ml. PACKED R-BC 


Figure 1-Isotherm presentution of the binding data. Pooled red 
blood cells (RBC) were incubated for 30 min. and then Precipitated 
with trichloroacetic acid as described in the text. Each point repre- 
sents the average of triplicate samples. 


Phenyl- 
thiourefl 
Bound if 


Precipitated 
Theoretical Measured by Tri- 


Concentration Concentration chloroacetic 
of Phenyl- of Phenyl- Phenylthiourea Aci?, 
thiourea, thiourea, Bound by Red Approximate 


pmoles/ml.* pmoles/ml. Blood Cells, z 
3.93 3.03 23.0 60 
1.97 1.55 21.5 85 
1.31 1.20 8 .0  90 
0.66 0.57 13.0 100 


4 Duplicate 10.0-ml. total volume dialysis systems containing the 
equivalent of 1 ml. of packed rat red blood cells inside the dialysis bag 
and varying amounts of phenylthiourea outside were incubated with 
shaking for 18 hr. at 3-5" in a cold room. b The theoretical equilibrium 
concentration of the added phenylthiourea if no binding occurred. 
c These quantities were extrapolated from the rat red blood cell binding 
isotherm (Fig. 1). 


shown in Table I was performed with dog red blood cells. Triplicate 
samples ofcells were precipitated by a neutral Somogyi (13) method. 
Then 1.0 ml. of each cell suspension was added to 10.0-ml. samples 
of freshly prepared 0.3 N barium hydroxide and mixed; 10.0 ml. 
of 0.3 N zinc sulfate was added to each with mixing. The resulting 
precipitate was centrifuged and the supernate was analyzed for 
phenylthiourea. The remainders of each original red blood cell 
suspension were precipitated with trichloroacetic acid, and the 
supernates were analyzed. 


RESULTS 


Characterization of Binding-Phenylthiourea was bound to the 
red blood cells of rats, dogs, and mice after trichloroacetic acid 
precipitation. The results in binding isotherm form are presented 
in Fig. 1. Internal standard recoveries varied from 94 to 101 %. A 
small amount of human and White Leghorn rooster blood was 
available. These samples also bound phenylthiourea after trichloro- 
acetic acid precipitation. 
Equilibrium Dialysis-The results of the dialysis experiment are 


shown in Table 11. The recoveries were erratic but were always much 
greater than the amount that would be expected after trichloroacetic 
acid precipitation was extrapolated from the rat red blood cell 
binding isotherm (Fig. 1). 


Red Blood Cell Sedimentation-The results shown in Table 111 
indicate that little phenylthiourea was bound by centrifuged, un- 
precipitated red blood cells and that much more was bound after 
trichloroacetic acid precipitation. 


Nonacidic Precipitation-The results presented in Table IV 
show that much more phenylthiourea was bound after trichloro- 
acetic acid precipitation than after the neutral Somogyi precipita- 
tion. 


Table III-Red Blood Cell Sedimentation Data" 


Measured 
Concentra- 


tion of 
Theo- Phenyl- 
rebcal thourea in 
Con- Supernate 


centration before Tri- 
of Phenyl- chloroacetic 
thiourea, Acid. 


pmoles/ml.b pmoleslml. 


1.25 1.19 
3.14 3.52 
7.48 7.33 


Measured 
Concentra- 


tion of 
Phenyl- 


thiourea in 
Supernate 
after Tri- 


chloroacetic 
Acid, 


pmoleslml. 


Percent Perceiit 
Bound Bound 
before after 


Trichloro- Trichloro- 
acetic Acid acetic Acid 


O.Oo0 
0.475 
3.17 


4.8 100.0 
5.8 87.3 
2 .0  57.6 


4 Triplicate 10.0-ml. total volume incubation systems containin 1 ml. 
of packed rat red blood cells, saline, and varying amounts of pftenyl- 
thiourea were incubated for 30 min. over ice. After incubation the sus- 
pensions were Centrifuged and 1.0 ml. of each supernate was anal zed. 
Then the red blood cells were resuspended and preci itated with tri- 
chloroacetic acid, and the supernate was a ain analyzed.fThe theoretical 
equilibnum concentration of the added pifenylthiourea if no binding oc- 
curred. 
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Table IV-Nonacidic Precipitation Dataa Table V-Binding Constants and Receptor Capacities0 


Theo- 
retical 


Concen- 
tration 


of Phenyl- 
thiourea, 
pmolesl 


m1.b 


Measured 
Concentra- 


tion of 
Phenyl- 


thiourea in 
Supernate 
after Neu- 


tral Somogyi 
Precipitation, 
pmoles/ml. 


Measured 
Concentra- 


tion of 
Phenyl- Percent 
thiourea Percent Bound 


in Supernate Bound after after 
after Tri- Neutral Tri- 


chloroacetic Somogyi chloro- 
Acid, Precipi- acetic 


pmoles/ml. tation Acid 


3.95 3.54 0.93 10.4 76.4 
7.90 7.46 4.10 5.6 48.1 
15.80 14.91 11.22 5.6 29.0 


a Triplicate 10.0-ml. total volume incubation systems containing 1 ml. 
of packed dog red blood cells, saline. and varying amounts of phenyl- 
thiourea were incubated for 30 min. over ice. After incubation, a 1.0-ml. 
aliquot from each cell suspension was preci itated with 10.0 ml. of 0.3 N 
barium hydroxide followed by 10.0 ml. of0 .3  N zinc sulfate. The re- 
sulting supernate was analyzed for phenylthiourea. The remainder of 
each original cell suspension was precipitated with trichloroacetic acid, 
and the supernates were analyzed for phenylthiourea. * The theoretical 
equilibrium concentration of  the added phenylthiourea if no binding 
occurred. 


DISCUSSION 


Characterization of Binding-The binding data do not fall into 
the simple sigmoid curves that would be expected from such log- 
linear plots (Fig. 1) if a single set of similar receptors were involved 
(14). For this reason, Scatchard plots (11) were constructed of the 
data in terms of: 


micromoles of phenylthiourea bound per milliliter of packed 


micromoles of bound phenylthiourea per milliliter of solution [ milliliter of packed red blood cells 
versus micromoles of phenylthiourea bound per milliliter of packed 
red blood cells. The regression curves giving the best visual fit to the 
data, assuming two classes of receptors, were determined by trial- 
and-error substitution. The resulting binding constants and receptor 
capacities are shown in Table V. The binding of phenylthiourea 
in all of the animals tested suggests the ubiquity of the phenomenon, 
but the data are not sufficient to allow any conclusions about the 
differential species toxicity shown by phenylthiourea. 


The comparison of mouse red blood cells incubated at two dif- 
ferent temperatures is shown in Fig. 1 and Table V. The total 
binding capacities are not appreciably changed by the increase in 
temperature from 0 to 37“. but the binding constant for each set of 
receptors is decreased. These findings are consistent with the ob- 
servation of Giri er al. (9) and Giri and Combs (10) that as incuba- 
tion temperature increased, the binding of thiourea to rat red blood 
cells decreased. The explanation might be that temperature- 
dependent structural changes in the receptors decrease their affinity 
for phenylthiourea. 


Mechanism of Binding-Preliminary equilibrium dialysis studies 
gave rise to the suspicion that the trichloroacetic acid-associated 
Ginding might, in fact, be induced by trichloroacetic acid. This was 
confirmed by the dialysis results (Table 11) and red blood cell 
sedimentation results (Table 111). Only a small amount of phenyl- 
thiourea was bound after dialysis with intact red blood cells. The 
same amount of red blood cells would have bound much more 
phenylthiourea if they had been precipitated with trichloroacetic 
acid. As shown in Table 111, the recovery of phenylthiourea from 
the supernates of centrifuged red blood cell suspensions was 
nearly quantitative, while recovery after trichloroacetic acid precipi- 
tation of the identical suspensions was much less. All of the evi- 
dence indicates that the binding is induced by trichloroacetic acid 
precipitation rather than being resistant to trichloroacetic acid 
precipitation. 


Acidic protein precipitating agents other than trichloroacetic 
acid (perchloric acid and tungstic acid) have been shown in this lab- 
oratory to be associated with the binding of thiourea to rat red blood 
cells. After it was established that the binding of phenylthiourea 
to red blood cells was induced by trichloroacetic acid, it was decided 
to test the effect of nonacidic precipitation upon the binding. The 


red blood cells 


1 


Receptor Capacities, 
pmoles/ml. of Packed 


-Red Blood Cells-- 
High 


-Binding Constants- A.f- 


Affinity Low Re- Affinity Total 
Source of Red Re- Affinity cep- Re- Ca- 


Blood Cells ceptors Receptors tors ceptors pacity 


Rat 37.6 0.069 11 87 98 
Dog 9.60 0.044 29 79 108 
Mouse (red 6.82 0.126 13 34 47 


High finity Low 


blood cells 
incubated 
at Oo) 


blood cells 
incubated 
at 37”) 


Mouse (red 6.30 0.105 10 38 48 


0 Data were derived from Scatchard plots of the binding data (Fig. 1 ) .  
Two sets of receptors were assumed, and the binding constants and 
capabilities were determined by trial-and-error substitution to give the 
best visual fit to the data. 


data in Table IV indicate that much less phenylthiourea is bound 
after neutral Somogyi precipitation than after trichloroacetic acid 
precipitation. It seems likely, therefore, that induction of binding is 
associated with low pH. Because dialysis, red blood cell sedimenta- 
tion, and neutral Somogyi precipitation each gave some evidence 
of binding of a lower magnitude than the induced binding, it may 
be that a low pH causes activation of the receptors responsible 
for the slight binding shown in these studies. Characterization of the 
noninduced binding and its possible relationship to the large ap- 
parent volumes of distribution found with phenylthiourea in rats is 
currently under study. 
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Proposed Mechanism for 
Gentamicin Transport 


Keyplnases 0 Gentamicin-proposed mechanism for transport 
across biological membranes 0 Transport across biological mem 
banes-gentamicin, proposed mechanism 0 Stearyl aldehyde- 
interaction with gentamicin, used to formulate mechanism for 
gentamicin transport, d e c t  of sodium bisulfite 


Sir: 


This communication reports our preliminary work 
dealing with the biological transport of the water-solu- 
ble aminoglycoside antibiotic, gentamicin *. This anti- 
biotic does not transport to any significant degree acres 
the membranes of the GI tract, as evidenced by the facts 
that measurable blood levels of gentamicin are not ob- 
served following oral administration to humans and 
animals and that nearly 98x of the antibiotic is ex- 
creted unchanged in the feces2. On the other hand, 
gentamicin has been shown to cross the otic ( I )  and 
placental (2) membranes and, in the case of sensitive 
bacteria, it has been demonstrated that gentamicin 
crosses the cell membrane and binds to bacterial ribo- 
somes (3). 


In view of the variability of gentamicin transport, it 
seems reasonable to assume that the transport of this 
antibiotic is dependent, at least in part, upon the physi- 
cal-chemical properties of the biological interface (uiz.- 
membrane). On the basis that the primary amino moie- 
ties of gentamicin are capable of interacting with alde- 
hyde compounds cia Schiff base formation, we hypothe- 
sized that biological membrane fatty aldehydes might 
also react with and subsequently bind gentamicin to the 
particular membrane, thus constituting a possible major 
step in the pathway for the transport of this antibiotic 
across biological membranes. Until recently, cellular 
lipid aldehydes were assumed to be present in oiuo only 
in their bound, cryptic forms (uiz.-plasmologens) (4). 
However, more recent work has shown that free fatty 
aldehydes are normal components of a variety of living 
systems, including bacteria (9, human placenta (6),  
mouse muscle (7), human collagen (8), and rat, dog, 
and bovine heart (9). 


To test the validity of the gentamicin aldehyde Schiff 
base hypothesis, we studied the interaction of gentami- 
cin with stearyl aldehyde, using previously described 
monolayer techniques (10). 


Figure I shows the interfacial activity of gentamicin 
in the presence of insoluble films of stearyl aldehyde as 
a function of pH. The development of surface pressure, 
at areas per molecule where stearyl aldehyde alone ex- 
hibits no surface pressure, indicates penetration of the 
aldehyde film by gentamicin in the subphase. It can 
be seen that an enhancement of gentamicin penetration 
occurs with increasing pH. At a pH of 6.0, where genta- 
micin exists essentially in the protonated form, no sig- 


1Received as a mixture of components (CI, C I ~ .  and G); see D. 


* 5.1. Cooper, Smith Kline and French Labs., Swedeland. PA 19479 
Coo er cr al., J .  Chem. SOC, C. 1971. 3126. 
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Figure 1-Surface pressure-surfice area curces of stearyl aldehyde 
alone at pH values of 7.2-8.4 (0) and in the presence of I X I F a  M 
gentamicin at pH oalues of 6.0 (01, 7.2 (O), 7.6 (A), 8.0 (m), and 8.4 
(A). 


nificant penetration was observed. This enhancement 
may be explained by the fact that at higher pH values 
there is a concomitant increase in the fraction of non- 
protonated primary amino groups. Furthermore, only 
these nonprotonated primary amino groups are capable 
of participating in Schiff base formation (1 1). Earlier 
experiments in these laboratories established that 
gentamicin ( I  X IW3 M) exhibited no surface activity 
at the air-water interface and that gentamicin did not 
interact with stearyl alcohol and only interacted slightly 
with stearic acid. 


Figure 2 demonstrates the uptake of gentamicin into 
an insoluble film of stearyl aldehyde, with and without 
the addition of 0.05 x sodium bisulfite to the subphase. 
Gentamicin was injected under a film of stearyl alde- 
hyde, and the rate of surface pressure development was 
followed. A lag period of approximately 4 min. was 


Table I-Efect of Sodium Bisulfite on Antibacterial Activity 
of Gentamicin against E. coli 


Sodium Bisulfite WGentamicin, mcg./Disk- 
Concentration, %a 0.12 0.60 


Zone of Inhibition, mmb 
0 1 . 5  3.0 
0.05 0 .2  1 . 5  


a Incorporated into agar medium. b Measured from edge of disk to 
edge of zone of inhibition. 
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Figure 2-Rate of surface pressure increase af a stearyl aldehyde 
firm at pH 8.0 in the presence of I X 10-= M genlamicin (0) and I X 
IO-’ M gentamicin wiih 0.05 sodium bisulfte (a). 


observed when gentamicin was studied in the absence 
of bisulfite ion. 


In the case of a similar experiment conducted with 
0.05% sodium bisulfite in the subphase, the previously 
observed lag period was increased to 14 min. The data 
clearly show that bisulfite significantly diminishes the 
interaction of gentamicin with stearyl aldehyde. This 
may be explained by the fact that bisulfite reacts with 
aldehydes to form a-hydroxysulfonic acid derivatives 
(1 2) which do not form Schiff bases. 


The implications of the monolayer studies were ex- 
tended by studying the effect of the bisulfite ion on the 
antibacterial activity of gentamicin. A disk-plate method 
( I  3), utilizing Escherichia coli as the test organism, was 
employed. Gentamicin-containing filter paper disks were 
placed on seeded nutrient agar plates containing various 
concentrations of sodium bisulfite. Following incuba- 
tion at 37” for 18 hr., the plates were examined and the 
diameters of the observable zones of inhibition were 
measured (Table I). 


The data indicate that bisulfite ion at 0.05 % inhibits 
the antibacterial activity of gentamicin against E. coli. 
If the mechanisms of interaction of gentamicin at the 
monolayer and the bacterial membrane are the same, 
then it appears that bisulfite inhibits gentamicin activity 
by blocking membrane aldehyde sites which may be 
necessary for the transport of gentamicin into the bac- 
terial cell. 


(1) M. J. Weinstein, E. M. M e n ,  W. Zeman, and G. Wagman, 
Antimicmb. Ag. Chemother., 1965,239. 


( 2 )  D. Von Kobyletzki, “Experiments on the Placental Passage 
of Gentamycin,” presented at  the 5th International Congress of 
Chemotherapy, Vienna, Austria, 1%7, p. 27. 


(3) F. E. Hahn and S. G.  Sarre. J. Infect. Dis., 119,364(1970). 
(4) H. Debuch, J. Neurochem., 2, 243(1958). 
( 5 )  M. Hey and M. J. Cormier, Blochem. Biophys. Res. Com- 


(6) V. Winterfeld and H. Debuch, Hoppe-Seyler’s Z. Physid. 


(7) K. Owens and B. P. Hughes, J. LipidRes., 11,486(1970). 
( 8 )  R. Davis and R. Janis, Narure, 210,318(1966). 
(9) J. Gilbertson, W. Ferrell, and R. Gelman, J.  Lipid Res., 8,  


38( I %7). 
(10) G. Zografi and D. E. Auslander, J.  Phann. Sci.. 54, 1313 


(1965). 
(11) P. Sykes, “A Guidebook.to Mechanism in Organic Chem- 


istry,” Wiley, New York, N. Y., 1%1, p. 150. 
(12) R. T. Morrison and R. N. Boyd, “Organic Chemistry,” 


2nd ed., Allyn and Bacon, Boston, Mass., 1966, p. 639. 
(13) W. W. Davis and T. R. Stout, Appl. Microbial., 22, 659 


(1971). 


mun., 32,454(1968). 


Chem., 349,903(1968). 


DAVID E. AUSLANDER 
ALVIN FELMEISTERA 
BARTLEY J. SCIARRONE 
ALVIN B. SEGELMAN 
Departments of Pharmacy and 
PhermacOenOSY 


College of Pharmacy 
Rutgers-The State University 
New BNnswick, NJ 08903 


Received July 17, 1972. 
Accepted for publication October 5. 1972. 
The authors are indebted to Schering Corp., Bloomfield, N. J., 


for a generous supply of gentamicin and for awarding D. E. Aus- 
lander with a research fellowship. They also thank Miss Thelma 
Moss for her assistance in the biological studies. 


A To whom inquiries should be directed. 


Self- Association of Theophylline in 
Aqueous Solution 


Keyphrases IJ Theophylline, association in aqueous solution- 
determination. ultracentrifugation, molecular weights IJ Associa- 
tion, theophylline-aqueous solution 0 Ultracentrifugation- 
determination, theophylline self-association, molecular weights 


Sir: 
In 1957, Guttman and Higuchi (1) concluded that 


theophylline did not self-associate in water at con- 
centrations from 2.3 X lo-* to 28 X M; parti- 
tioned with chloroform-isooctane (9 : 1) where the 
theophylline concentration was 1 X lo-‘ to 12 X lo-’ 
M. 


In 1971, Ng (2) presented IR evidence for the self- 
association of theophylline by hydrogen bonding in 
nonaqueous (deuterochloroform) solutions. Thakkar 
et al. (3) showed, from NMR spectra of aqueous solu- 
tions ( 5  X to 42 X 1 0 - 3  M), that theophylline 
self-associates by hydrophobic interactions in water. 
The present communication presents data, obtained 
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Oral Contraceptives: Therapeutics uersm 
Adverse Reactions, with an Outlook for the Future 11* 


A. S. BINGEL' and P. S. BENOIT 


ADVERSE REACTIONS: OTHER EFFECIX 


Cancer and Hyperplasia-The historical develop- 
ments that led to the theory that steroid hormones 
might play a role in the etiology and pathogenesis of 
cancer were reviewed in 1967 by Hertz (163). He dis- 
cussed the pertinent animal and human studies prior to 
that time. It was evident from this review that the 
steroid hormones were able to  induce cancer in various 
tissues of some nonhuman species. However, at that 
time, data from clinical observations were inadequate 
to determine whether or not similar effects were pro- 
duced in humans. The inadequacy of the data resulted 
from several factors: (a) most of the studies had been 
uncontrolled, (b) the populations involved were lacking 
in sufficient numbers to provide statistically adequate 
samples, and (c) the periods of observation had been 
too short to allow for the usually long latent period for 
carcinogenesis in humans. Subsequent studies (oide 
infra), including those reviewed by Goldzieher (80) in 
1970, have served to demonstrate further that no simple 
relationship exists between estrogens, with or without 
a progestagen, and breast or genital cancer in the human. 


Hyperplasia of the uterine cervix was reported in 
a total of 35 oral contraceptive users (164-166) and in 
five pregnant patients (166). The distinctive lesion, 


* Editor's note: Part I of this article a peared in the February 1973 
issue of the Journal of Pharmaceutical Sc&nces. 


characterized by atypical polypoid endocervical hyper- 
plasia, had not been recognized previously (164). Of 
importance was the fact that this lesion resembled 
adenocarcinoma (164), and an erroneous diagnosis of 
the latter had been made initially in some instances 
(165). 


The incidence of general atypical cytology of the 
genital tract has been reported. Kline er al. (167) com- 
pared cytological smears from the genital tracts of 
2296 oral contraceptive users with smears from the 
genital tracts of a comparable group of 17,724 non- 
users. The duration of oral contraceptive use ranged 
from 2 months to 7 years. A 2.0% incidence of atypical 
cells was found in the oral contraceptive group and a 
1.0% incidence was found in the controls. A significant 
difference (p < 0.01) between the two groups was 
found for patients less than 30 years of age. The possi- 
bility that these atypical manifestations might be pre- 
cancerous was discussed ; observations that their course 
is unpredictable argues in favor of continuous followup 
of patients exhibiting them. 


Dougherty (168) reported the results of a study of 
1983 women who had used sequential oral contracep- 
tives for 0-92 menstrual cycles. He found that the oc- 
currence of atypical cytology in treated patients was 
twice as high as expected but that the length of time of 
exposure to the oral contraceptives did not affect the 
incidence rate of atypical cytology. No patients devel- 
oped adenocarcinoma during the study. 
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Melamed et al. (169) compared the prevalence rate 
of carcinoma in situ between two groups of patients: 
27,508 women using oral contraceptives and 6809 using 
the diaphragm. A small difference was found between 
the two groups, which suggested a higher rate in oral 
contraceptive users. This difference, however, could 
have been due to a decreased prevalence rate for women 
using the diaphragm (a possible protective barrier 
effect) and/or to an increased rate in oral contraceptive 
users. The initial observations had shown this apparent 
difference also, but prior contraceptive use was not 
reported. 


Interestingly, Stern et al. (170) found a significant 
association of cervical dysplasia with contraceptive 
choice. The prevalence of dysplasia among women from 
an apparently homogeneous population, who chose 
oral contraceptives, was 821 1OOO; among choosers of 
intrauterine devices, it was 51/1000; and among choosers 
of other methods, it was 36/1000. These observations 
emphasize the importance of making genital tract 
examinations prior to starting women on oral contra- 
ceptives, particularly if an association between the 
latter and cervical cancer is to be proven or disproven. 


The data from a 5-year family planning clinic study 
of cervical epithelial changes during oral contraceptive 
use were reported by Chai el al. (171). Smears from 14 
of 4164 women who had been using various oral con- 
traceptives for 0-3 years were found to be positive, i.e., 
suggestive of severe dysplasia or carcinoma in situ. Of 
the 14, followup was lacking in four. Of the other 10, 
there were six cases of carcinoma in situ, one of moder- 
ate dysplasia, one of severe dysplasia, and two of 
chronic cervicitis. The incidence rate in the oral con- 
traceptive users was compared with that in a group of 
30,834 women who were attending other clinics in the 
same medical center. The incidence rates of positive 
findings per lo00 were calculated to be 3.36 for the oral 
contraceptive users and 6.32 for the other group; the 
corresponding rates for carcinoma in situ were 0.96/ 
10o0 and 1.68/1000, respectively. No information was 
given concerning the health status or drug usage of the 
women attending the other clinics, but at least cervical 
abnormalities did not appear to be greater in the family 
planning clinic oral contraceptive users. 


Nichols and Fidler (172) examined 128 consecutive 
cone biopsies that had been taken from patients because 
of suspicious or positive cytologic findings. Micro- 
glandular hyperplasia was found in 24% of the entire 
series, and the greater proportion of the patients with 
this condition had been oral contraceptive users. On 
the other hand, there was no significant difference be- 
tween users and nonusers with respect to the degree or 
duration of cytologic squamous dyskaryosis or malig- 
nant change. 


In 1972 the results were reported of an %year pros- 
pective study (173) involving the largest group of oral 
contraceptive users observed thus far for abnormal 
cervical cytology. The 9634 women were assigned either 
to an oral group (4846) or a nonoral group (4788) 
according to a predetermined random procedure. Those 
in the oral group took norethynodrel with mestranol ; 
those in the nonoral group used other contraceptive 
methods, excluding intrauterine devices. Requirements 


for admission into the study included the following: 
(a) age between 21 and 39 years, (6) at least one normal 
pregnancy prior to admission, and (c )  no previous use 
of oral contraceptives or intrauterine devices. Excluded 
were individuals who had a history of serious illness 
including neoplastic disease, those who were bedridden, 
and those who had a life expectancy of less than 5 years. 
At the initial interview the women were given a general 
physical and a gynecological examination ; thereafter, 
the women returned every 2 months for interviews and 
annually for a physical examination. 


Changes in cervical cytology, i.e., progression to a 
higher Papanicolaou classification or regression to a 
lower Papanicolaou classification, were recorded. Dur- 
ing the 8-year period, 43.9% of the oral group and 
44.3 % of the nonoral experienced one or more changes. 
The data given for the first three changes suggested that 
there was no difference between the two groups either 
with respect to the numbers of women undergoing pro- 
gressive changes or with respect to the numbers under- 
going regressive changes. 


Various hormones, particularly estrogens, are known 
to influence the physiology of the breasts, producing 
cyclic engorgement, for example. Such changes, which 
can be accentuated by exogenous estrogens, may appear 
pathologic in .some women, but upon scrutiny they 
often are found merely to  be the result of aberrations 
in breast physiology (174). 


Wiegenstein et al. (175), however, reported observing 
multiple fibroadenomas in 12 patients between 1967 
and 1971; 11 of the patients were known to be oral 
contraceptive users. The condition had not been ob- 
served during the prior 7 years in that laboratory and 
was believed to be relatively uncommon. Unfortunately, 
no figure was given for the normal incidence of this 
condition. 


Arthes et al. (176) described three studies involving 
a total of 283 cases of breast cancer and 585 controls. 
The results offered no evidence to indicate that adminis- 
tration of female hormones might be associated with 
the development of breast cancer; no significant excess 
of estrogen or oral contraceptive users was found among 
the cancer patients. In one of the studies, however, the 
number of oral contraceptive users was small, most of 
the diagnoses having been made prior to 1963 and the 
majority of women having been over 45 years of age 
at the time. In the second study, only 30 cases of breast 
cancer in patients under 35 years of age were found in a 
diagnostic index of hospitals in four of five study areas. 
The third study, however, involved 119 patients with 
breast carcinoma who had been treated at the Johns 
Hopkins Hospital from June 1969 to December 1970; 
these cases were matched with an equal number of con- 
trols. Analysis of data concerning prior hormone treat- 
ment indicated that neither in the total series nor in 
only those patients under 50 years of age was there any 
evidence of greater use of estrogens or oral contra- 
ceptives in the cases as opposed to the controls. 


Vessey et al. (177) similarly reported that in a case- 
control study of 220 women and 216 matched controls, 
no evidence was found to  associate oral contraceptives 
with either an increased risk of breast neoplasia or an 
increased development of benign breast lesions. 
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Leis (178) reviewed a number of studies involving 
various estrogens and estrogen-progestagen combina- 
tions. He concluded that there was no statistically 
significant evidence to indicate an increased incidence 
of breast cancer since the advent of widespread use of 
such compounds. He pointed out studies that had 
shown no difference between the degree of papillo- 
matosis, hyperplasia, or other types of fibrocystic dis- 
ease in the breasts of users and in those of nonusers of 
oral contraceptives. Other studies had shown no differ- 
ence between the incidence of fibroadenomas, fibro- 
cystic disease, or breast cancer in otherwise comparable 
groups of users and nonusers. 


Taylor (179) reviewed several studies that had shown: 
(a) no histological differences between normal mammary 
tissue from oral contraceptive users and that taken from 
nonusers, and (b) no histological differences between 
fibroadenomas, other fibrocystic diseased mammary 
tissue, and breast carcinomas taken from users as op- 
posed to nonusers. 


Leis (178) further commented on the fallacy of draw- 
ing generalizations from isolated reports of abnormal 
breast findings in patients using oral contraceptives. 
He added, however, that it would be reasonable to stop 
use of such medication were abnormal breast lesions to 
develop while using it; altering the hormonal milieu in 
which breast cancers develop, for example, can lead 
to retardation of the cancer growth. Finally, in 1971, 
Lewison (180) observed that the data available were 
still insufficient for one to draw definite conclusions 
concerning the association, or lack thereof, between 
estrogens and/or contraceptives and breast malig- 
nancies. Nevertheless, he recommended caution in 
prescribing such preparations for high-risk patients. 
He included in this group patients with: (a) a strong 
family history of cancer, (b) a history of cancer of one 
breast (especially lobular cancer), ( c )  recurrent chronic 
cystic mastitis, (d) lobular carcinoma in siiu of the 
breast, and (e) abnormal mammograms. He concluded, 
moreover, that prolonged use of these hormones was 
contraindicated in these predisposed patients. 


Hypertension-In their 1970 review, Russell and 
Sullivan (181) pointed out that prior to 1967 only two 
isolated case reports concerning the development of 
hypertension in oral contraceptive users had appeared 
in the literature; hypertension, furthermore, was re- 
ported to be strikingly similar to that which occurred 
in toxemia of pregnancy. In 1967, reports began to 
appear of studies of small groups of women in whom the 
development or enhancement of hypertension was 
thought to be related to the use of oral contraceptives. 
In addition, it was suggested that the hypertensive ac- 
tion might be mediated through the renin-angiotensin- 
aldosterone system (oide infra). 


The authors quoted three subsequent studies of oral 
contraceptive users in which it was reported that 
seven of 45, 51 of 129, and 40 of 141 women, respec- 
tively, had shown an elevation in blood pressure. The 
degree of elevation and definition of hypertension varied 
among the studies, however, as did the type of drug 
administered and the population of women receiving 
treatment. Moreover, in the one study that employed a 
control group of intrauterine device users, no significant 


difference was found between the latter group’s blood 
pressure changes and those of the oral contraceptive 
users. A large-scale study, however, involving 1575 
women did indicate a higher and statistically significant 
adjusted mean systolic and diastolic blood pressure in 
users as opposed to nonusers of oral contraceptives. 
The investigator reported that a blood pressure eleva- 
tion does occur in oral contraceptive users but that it is 
not marked and requires sophisticated analysis, such 
as covariance analysis, to reveal statistically significant 
differences. 


Russell and Sullivan (181) also reported data con- 
cerning 411 women who had had their blood pressure 
measured either prior to or during contraceptive 
therapy. Twenty-three percent of 34 patients and 22% 
of 26 were classified as hypertensive (b.p. 2 140/90 
mm. Hg) prior to and during, respectively, their use of 
an intrauterine device or diaphragm. Nine percent of 
225 patients and 16% of 126 were classified as hyper- 
tensive prior to and during, respectively, their use of 
various oral Contraceptives. These observations might 
be of interest if it were known that the “before” and 
“during” users of the nonoral and oral contraceptives, 
respectively, had been comparable prior to treatment. 


During 1970 and 1971, a number of other reports 
appeared that also associated the use of oral contra- 
ceptives with induced or aggravated hypertension. 
Lansing (182), for example, presented four case reports 
of oral contraceptive users with hypertension (b.p. 2 
160/100 mm. Hg). In each instance the pressure re- 
turned to normal levels (I 130/70) when the medication 
was discontinued. 


Within a 10-month period, Clezy (183) observed 11 
patients who had developed hypertension while taking 
oral contraceptives. Guanethidine appeared to produce 
an unsatisfactory response in the presence of oral con- 
traceptives while blood pressure appeared to decrease 
when the oral contraceptives were withdrawn. An ac- 
curate evaluation is difficult, however, since other drugs, 
including amobarbital, bendroflumethiazide, chloro- 
thiazide, phenobarbital, and/or methyldopa, had been 
used concurrently in some patients. 


Spellacy and Birk (184) reported a study of 57 women 
whose blood pressure was measured during pregnancy 
(45 women only), during labor, at 4 weeks or more 
postpartum (prior to contraceptive treatment), and 
during the sixth cycle of oral contraceptive therapy. 
The women randomly were given a combined (100 mcg. 
mestranol plus 1 mg. ethynodiol diacetate, 24 women) or 
sequential (100 mcg. mestranol, 100 mcg. mestranol 
plus 1.5 mg. chlormadinone acetate, 33 women) prep- 
aration. Eight of the combined preparation users 
demonstrated hypertension (systolic pressure 2 140 
mm. Hg and/or diastolic pressure 2 90 mm. Hg) while 
only one of the sequential preparation users did. How- 
ever, four of the eight in the former group previously 
had had high blood pressure reading(s) during preg- 
nancy; a prenatal value for the sequential product user 
was not given. 


Chidell (185) reported the results of a study in which 
99 of 9000 oral contraceptive users were found to be 
hypertensive (b.p. > 140°/90 mm. Hg). Approximately 
one-third previously had been normotensive. One-third 
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previously had had a higher than average starting blood 
pressure; 50% of the latter patients showed a further 
rise while using oral contraceptives. The remaining 
third already were taking oral contraceptives when 
their first blood pressure measurements showed them 
to be hypertensive. Withdrawal of the medication was 
followed by a reduction in pressure in 27 of 32 women, 
by no change in four, and by a rise in one. Continuing 
the medication in 34 other women was accompanied by 
a continued elevation of pressure in 29, a fall in three, 
and a further rise in two. 


Similar observations were made by Saruta et al. (186). 
Fifty-six of 62 postpartum patients were classified 
initially as normotensive, and the remaining six were 
classified as hypertensive; the dividing line was a blood 
pressure of 140/90 mm. Hg. The initially normotensive 
patients were classified as becoming hypertensive if their 
diastolic pressure increased by at least 10 mm. Hg to a 
level of 90 or more. For those initially hypertensive, a 
rise of the diastolic pressure by at least 10 mm. Hg was 
interpreted as their having developed increased hyper- 
tension. During the use of 50 mcg. mestranol plus I 
mg. norethindrone, 10 of the 56 became hypertensive 
under these criteria while of the other six, blood pres- 
sure became normal in one, remained unchanged in 
four, and increased further in the sixth. Among those 
who became hypertensive, there had been a higher inci- 
dence of hypertension during pregnancy. 


These workers also found that blood pressure re- 
turned to normal in three women in whom oral con- 
traceptive therapy had been discontinued for 6 weeks. 
Finally, they commented on 18 additional patients, 
four of whom also became hypertensive during oral 
contraceptive treatment. The total incidence of hyper- 
tension development or enhancement in their series, 
therefore, became 19 %. 


Wallace ( I  87) observed retrospectively that 15 of 
26 (58 %) 20-45-year-old women who had been admitted 
to one hospital over a 22-month period had been using 
oral contraceptives for an average of 5.5 years (range 
18 months-9 years) at the time of being diagnosed hy- 
pertensive (mean diastolic blood pressure for the group : 
133 mm. Hg, range 120-170 mm. Hg). He compared 
this figure (58%) with that of an estimated 32% usage 
of oral contraceptives in the general population. How- 
ever, it cannot be assumed that these 26 patients neces- 
sarily were a representative sample of New Zealand 
women. Furthermore, precontraceptive blood pressure 
values were not known for eight of the 15 and were 
known to have been high in two others. 


A much smaller proportion (17 %) of a much larger 
group (325) of hypertensive women referred to a Cali- 
fornia medical center was reported by Crane ei al. (188) 
to have been taking oral contraceptives or conjugated 
estrogen. For their study, these workers defined hyper- 
tension as a persistent blood pressure 2 160 mm. Hg 
systolic or 2 100 mm. Hg diastolic, and they defined 
normotensive as a blood pressure 5 145/95 mm. Hg. 
Twenty-two of the 36 oral contraceptive users observed 
by them and five of 20 users of conjugated estrogen had 
been normotensive prior to therapy. Withdrawal of the 
medication resulted in a return of the blood pressure in 
most of the women to normotensive levels. 


Weir et al. (189), in their 1-year prospective study, 
found a significant increase in mean systolic pressure in 
50 of 66 oral contraceptive users, but in no case did the 
blood pressure rise as high as 140/90. No change in 
mean systolic pressure occurred in a control group of 
21 women using diaphragms or intrauterine devices; 
neither did mean diastolic pressure change in either 
group. Of the two women who had a history of hyper- 
tension during pregnancy (preeclampsia), systolic pres- 
sure rose in one and decreased in the other after 1 year 
of oral contraceptive use. 


Investigations also have been carried out in an effort 
to determine the mechanism by which blood pressure 
may be increased in some women during the use of oral 
contraceptives. Walters and Lim (190), for example, 
studied a number of hemdynamic parameters including 
cardiac output, stroke volume, blood pressure, and 
heart rate in a group of 30 healthy young women using 
oral contraceptives of the combined type. Although the 
absolute numerical value of the mean obtained for the 
group showed a slight increase for most variables and 
a slight decrease for a few during therapy, in contrast to 
before or following therapy, the values of the standard 
deviations overlapped to a large extent. 


Most investigations, however, have been concerned 
with changes in the renin-angiotensin-aldosterone 
system. As a result of such studies, it has been postu- 
lated that the pressor effects of estrogen and/or pro- 
gestagen preparations may be mediated by derange- 
ments in this system and by associated induced changes 
in sodium and water balance (191, 192). Indeed, a 
significant correlation between diastolic pressure and 
blood angiotensin-I1 concentration has been found in 
three forms of hypertension (severe essential, renal, and 
malignant) while prominent increases in blood levels 
of this substance have been observed also during oral 
contraceptive therapy (193,194). 


Actually, a number of parameters .have been studied 
including: (a) aldosterone excretion rate (188), (a) 
renin activity (the ability of the plasma to form angio- 
tensin on incubation) (181, 186, 188), (c) blood angio- 
tensin concentration (determined by radioimmuno- 
assay) (193, 194), (d) renin concentration (renin activity 
at a constant substrate concentration) (181, 186, 194), 
and (e) renin substrate (angiotensin released by excess 
renin) (181, 186, 188, 194). A review of the works cited 
reveals some inconsistencies among the results. Increases 
usually were reported for blood levels of angiotensin-11, 
plasma renin activity, renin substrate, and aldosterone 
excretion, while reports concerning plasma renin con- 
centration tend to be conflicting. Russell and Sullivan 
(181), for example, quoted a study which had shown 
that renin concentration tended to fall while renin sub- 
strate increased, resulting in no change in the rate of 
angiotensin formation. Cain et al. (194) also found a 
decrease in renin concentration. However, this decrease 
was inversely correlated with a marked rise in blood 
angiotensin-11. Saruta et al. (186), on the other hand, 
found essentially no change in renin concentration in 
their oral contraceptive users whose blood pressure had 
remained unchanged; they did find a slight increase in 
the former parameter in those whose blood pressure had 
increased. The latter workers suggested that such data 
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support the hypothesis that hypertension induced by 
oral contraceptives may be related to a diminished 
suppression of renin release. 


Further complicating an attempt to explain these 
observations, however, is the fact that derangements in 
the renin-angiotensin-aldosterone system were found 
by other workers in oral contraceptive users who had 
not developed hypertension (18 1 , 191). Nevertheless, it 
does appear that the oral contraceptives may aggravate 
preexisting hypertension or precipitate its onset in some 
patients and that the effect may be mediated by changes 
in the renin-angiotensin-aldosterone system. However, 
as Stokes (191) pointed out, it is necessary to postulate 
the possible presence of other determinants of hyper- 
tension, such as an hereditary predisposition, or a pre- 
vious history of toxemia of pregnancy or renal disease 
in those patients in whom the blood pressure rises. In 
conclusion, caution in prescribing oral contraceptives 
to patients suspected of being at risk is certainly war- 
ranted (19 l), and regular blood pressure determinations 
in all oral contraceptive users obviously are advisable 
(181, 186). 
Effects on Carbohydrate Metabolism-In 1969, Spel- 


lacy (195) reviewed the literature concerning the effects 
of oral contraceptives on carbohydrate metabolism. 
Abnormalities that had appeared in some women using 
these preparations included : (a) abnormal response to 
the oral or cortisone-stimulated oral glucose tolerance 
test; (b) abnormal response to the intravenous glucose 
tolerance test; ( c )  elevated levels of growth hormone; 
and (d) elevated levels of circulating insulin. Greater 
numbers of abnormal responses had been associated 
with oral glucose tolerance tests than with intravenous 
tests. Greater numbers of abnormal responses also had 
been associated with the use of combination-type prep- 
arations than with the sequential type. Fewer reports 
were available concerning the sequential type, however, 
and the duration of use of the latter tended to be shorter. 
Spellacy suggested a number of factors that might be 
related to the production of such abnormalities in 
women using oral contraceptives: (a) type(s) of steroid 
in the preparations, (b) duration of treatment, ( c )  age, 
(d) family history of diabetes mellitus, and (e) body 
weight, weight gain while taking the medication, and 
birth weight of previous infants. He also speculated on 
the possible mechanisms by which the oral contracep- 
tives might alter carbohydrate metabolism by: (a) pro- 
duction of excess cortisol and/or excess growth hor- 
mone, (b) alteration of liver function, (c )  alteration of 
the GI tract (absorption and/or gut-insulin release 
factors), and/or (d) alteration of peripheral tissue glu- 
cose utilization. Finally, Spellacy concluded that the 
presence of diabetes mellitus need not be considered a 
contraindication to the use of oral contraceptives, but 
that close supervision of such patients using these drugs 
was advisable. Subsequent studies (aide injia) have 
provided additional information concerning many of 
the above points. 


A number of studies (196-200), in which a variety of 
oral contraceptives were employed for varying periods 
of time, have shown no difference between fasting blood 
glucose levels in normal women prior to and during 
therapy with these drugs. In contrast, fasting blood 


glucose was increased during oral contraceptive use in 
women with subclinical diabetes (201). Furthermore, 
33 of 37 women using an injectable contraceptive, 
medroxyprogesterone acetate, developed increased 
fasting blood glucose levels after 1 year of use. Although 
the remaining four showed a decrease in fasting levels, 
the increase for the group as a whole was statistically 
significant (202). Fasting insulin levels, on the other 
hand, usually have been reported as increased during 
steroid contraceptive therapy (197, 199, 200, 202), 
although evidence to the contrary has been reported 
(196, 198). In general, it would appear that normal 
glucose levels may be maintained in oral contraceptive 
users at the expense of. increased insulin levels (197). 
Such observations suggest an increased peripheral 
resistance to the actions of insulin during oral contra- 
ceptive therapy (196). 


Oral (196, 199, 200, 202, 203), prednisone-stimulated 
oral (204), and intravenous (196, 197, 205-207) glucose 
tolerance tests, as well as intravenous arginine-stimula- 
tion tests (198) have been performed in steroid contra- 
ceptive users prior to and during therapy. The arginine- 
stimulation test in 26 women revealed no abnormalities 
in blood glucose and insulin responses after 3 months of 
therapy with daily doses of 0.35 mg. ethynodiol di- 
acetate. 


The different types of glucose tolerance tests have 
shown some variation in the results produced, appar- 
ently at least partly due to the different contraceptive 
preparations used as well as to variations in duration of 
use. Also, more insulin has been reported to be released 
in the oral test than in the intravenous, probably be- 
cause gut factors may be stimulated to act at the 8-cells, 
in addition to the glucose (200), in the oral test. 


Wynn and Doar (196) reported a deterioration of oral 
glucose tolerance, as measured by the area under the 
plasma glucose curve, in 78% of 91 women after they 
had been treated for 6 months (range 3 4 2 )  with a 
variety of combination and sequential oral contra- 
ceptives. Intravenous glucose tolerance similarly was 
impaired in 70% of these women. Plasma insulin levels 
also rose significantly. Thirty-nine other women were 
tested after oral contraceptive therapy was discontinued ; 
90% of these showed improved oral glucose tolerance 
and 85 % showed improved intravenous glucose toler- 
ance. 


One study (197) employed intravenous glucose toler- 
ance tests in users of combined (50 mcg. ethinyl estra- 
diol plus 4.0 mg. megestrol acetate), sequential (100 
mcg. mestranol, 100 mcg. mestranol plus 2.0 mg. ana- 
gestone acetate), and progestagen-only (0.5 mg. chlor- 
madinone acetate) oral contraceptives. Insulin levels 
increased during the test after 12-16 months of therapy, 
but no changes from pretreatment values were observed 
in the glucose tolerance curves. In a second study (207), 
no absolute glucose values were given. However, the 
investigator concluded that one of the three oral con- 
traceptives tested (100 mcg. mestranol plus 1.0 mg. 
ethynodiol diacetate, but not 50 mcg. ethinyl estradiol 
plus 4.0 mg. norethindrone acetate or 50 mcg. ethinyl 
estradiol plus 4.0 mg. megestrol acetate) had a transient 
diabetogenic effect, as indicated by a slower rate of 
glucose disappearance from the blood following intra- 
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venous administration. The effect was statistically 
significant after 6 months of therapy with this oral con- 
traceptive but almost negligible after 1 year. The results 
of a study (204) in which patients were given prednisone- 
stimulated oral glucose tolerance tests also suggested 
that rnestranol (80 mcg.) might have a transient di- 
abetogenic effect; the percentage of abnormal tests 
increased during the 1st and 3rd months of therapy 
but had decreased by the 9th month. These investiga- 
tors had concluded previously that progestagens had no 
effect on glucose tolerance. Consequently, they pre- 
sented combined data for women using preparations 
containing two different progestagens: 2.0 mg. chlor- 
madinone acetate in a sequential preparation and 5.0 
mg. norethindrone acetate in a combination product. 
Moreover, not all women were tested at each time period. 


Clinch er al. (205) suggested that there might be an 
improved intravenous glucose tolerance in patients 
using 50 mcg. mestranol with 1.0 mg. norethindrone, 
as indicated by a faster decrease in blood glucose levels. 
The absolute mean values attained during testing were 
higher, however, after 4 months of therapy in compari- 
son with pretreatment levels. 


Spellacy (206) compared the results of intravenous 
glucose tolerance tests in patients using a combined oral 
contraceptive (80 mcg. mestranol plus 5.0 mg. nor- 
ethynodrel) or a sequential product (80 mcg. mestranol, 
80 mcg. mestranol plus 2.0 mg. chlormadinone acetate). 
All women were tested prior to therapy, but only some 
were tested after 6 months and others after 12 months. 
During the 6-month test, plasma insulin values, but not 
glucose values, were elevated significantly in both 
groups; at the 12-month test, both insulin and glucose 
values increased above pretreatment test levels in the 
combination drug-treated group but not in the other. 
Since the mestranol doses were the same, an influence 
of the progestagens was suggested. However, the group 
results tended to return to normal after 2-3 years of 
oral contraceptive therapy, although some individuals 
developed abnormal glucose tolerance curves. 


Somewhat different responses to oral glucose toler- 
ance tests were reported (199, 200) for patients using a 
sequential preparation containing 100 mcg. mestranol 
followed by 100 mcg. mestranol plus 1.5 mg. chlorma- 
dinone acetate. In these studies, blood glucose levels 
during testing were significantly elevated after 6 months 
of treatment, while plasma insulin levels were increased 
above pretreatment test values at both 6 and 12 months. 
Oral glucose tolerance tests in patients using injectable 
medroxyprogesterone acetate for 12 months produced 
higher mean blood glucose levels and higher mean 
plasma insulin levels as compared with pretreatment 
values of these substances (202). 


In the studies just described, levels of blood con- 
stituents were measured before and following a period 
of oral contraceptive use (usually 1 year or less). In 
other studies (208, 209), these same constituents were 
measured in women following long-term ( 5  or more 
years) use of oral contraceptives. These studies have 
the disadvantage that no information prior to drug use 
is available. Abnormal glucose curves were obtained 
in response to standard oral glucose tolerance tests in 
36.8 % of 19 women who had used a combination-type 


(100 mcg. mestranol plus 1.0 mg. ethynodiol diacetate) 
oral contraceptive for 72-85 cycles. Abnormal responses 
occurred in 2 4 S x  of 45 women who had used a se- 
quential prepaiation (80 mcg. mestranol, 80 mcg. 
mestranol plus 2.0 mg. chlormadinone acetate) for 
65-97 cycles. The difference between the two groups was 
not significant (208). However, a significant difference 
between the incidence of abnormal oral glucose toler- 
ance curves was observed in the other study (209); the 
incidence of abnormal responses in this case was 77.4 
and 25.8% among 59 combination product users and 
43 sequential-type users, respectively. The sequential 
preparation used in both studies was the same and the 
duration of use was similar. The parameters differed, 
however, for the combination product users. The latter 
in this study (209) had used a preparation containing 
60 mcg. mestranol and 10.0 mg. norethindrone for 6 
years (approximately 72 cycles), followed by a prepara- 
tion containing 100 mcg. mestranol and 2.0 mg. nore- 
thindrone, which provided this group with a total 
minimum of 100 cycles of oral contraceptive use. In both 
studies (208, 209), women who exhibited abnormal 
glucose curves also had delayed insulin peaks. More- 
over, the insulin levels reached at the peaks were higher 
than normal. - 


No significant relationship was found in one of these 
retrospective studies (208) between the occurrence of an 
abnormal glucose tolerance test and : (a) family history 
of diabetes mellitus; (b) the delivery of an excessively 
large, anomalous, or stillborn infant; or (c )  the subject’s 
age, parity, or weight. A similar lack of correlation 
between abnormal glucose tolerance and the patient’s: 
(a) age, ( b )  degree of obesity or change of weight during 
therapy, ( c )  parity, or (d) family history of diabetes also 
was found by Wynn and Doar (196). On the other hand, 
Spellacy (206) and Spellacy et al. (200), in reporting 
their short-term prospective-type studies, suggested 
that glucose and insulin changes might be related to 
age, parity, weight changes, delivery of excessively large 
infants, and family history of diabetes. Duration of 
treatment, if sufficiently long, may obscure any in- 
fluence these other factors might have had initially. 


Some patients indeed may be at risk (203). Fifteen 
patients showed abnormal oral glucose tolerance in 
their third trimester but normal tolerance following 
delivery. Five of five who subsequently received a com- 
bination-type oral contraceptive (50 mcg. mestranol 
plus 1.0 mg. norethindrone) had a recurrence of ab- 
normal glucose tolerance during therapy. The other 10 
practiced other methods of birth control, and three of 
them showed a deterioration of glucose tolerance. 
Although tolbutamide has been shown to correct oral 
contraceptive-induced glucose tolerance disturbances 
(201), some investigators have advised against the use 
of hormonal contraception in women exhibiting defi- 
nite carbohydrate metabolic derangement (201, 204) 
or in those with latent diabetes (203, 204) or a family 
history of diabetes (204). On the other hand, one in- 
vestigator (207) suggested that such women merely 
should receive special study. The available evidence, 
at the very least, seems to argue for close monitoring 
of carbohydrate metabolism in oral contraceptive users 
(206,209). 
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The mechanism(s) by which oral contraceptives may 
alter carbohydrate metabolism in some women is(are) 
still unclear. Growth hormone has been reported to be 
diabetogenic (195, 204, 208). However, most recent 
studies of this hormone during contraceptive therapy 
have not provided evidence to support its having an 
etiologic effect. For example, growth hormone levels 
have remained normal in spite of the development of 
impaired glucose tolerance (196, 202). Furthermore, 
the normal suppressibility of growth hormone by in- 
creased glucose levels has been reported to be intact in 
oral contraceptive users (208, 209). A second suggested 
mechanism, involving impaired liver function, still 
seems tenable (oide infra). That the effect may be medi- 
ated at least partly by cortisol also seems plausible. In- 
deed, plasma cortisol levels have been shown to increase 
in some patients during oral contraceptive therapy with 
ethinyl estradiol and dimethisterone (2 10). More im- 
portantly perhaps, it has been pointed out (196) that 
several metabolic patterns are shared by nonobese 
women using oral contraceptives, nonobese women 
receiving glucocorticoid therapy, and obese, nondia- 
betic women. For example, fasting blood pyruvate 
levels, as well as the increment of the latter following a 
glucose load, have been reported to be elevated in these 
three conditions. It has been suggested that these 
changes might result from glucocorticoid excess in all 
three classes of women. Finally, although Seng el al. 
(21 1) did find significant elevations of plasma levels of 
a number of metabolites, including pyruvate, in women 
using 75 mcg. mestranol with 2.5 mg. lynestrenol, all 
of the values found were within their respective normal 
ranges. 
Effects on Lipid Metabolism-Plasma triglyceride 


levels have been found to be elevated in women using 
a number of different oral contraceptives (21 1-218). 
Although statistically significant, the average elevation 
usually did not exceed the normal upper limit of 150 
mg./100 ml. (215). Evidence does suggest that severe 
endogenous hypertriglyceridemia might develop in 
response to the use of contraceptive steroids in indi- 
viduals who already have high triglyceride levels and in 
whom an excessive insulin response occurs following a 
glucose load (219). The increased triglyceride levels 
have been reported by most workers (212,213,215,217) 
to be associated with concomitant increases in plasma 
levels of very low density, low density, and/or high 
density lipoproteins. Seng et al. (21 l), however, found 
increased triglyceride levels in the absence of increased 
lipoprotein levels. 


Slight, but significant, increases in cholesterol levels 
also have been reported in some oral contraceptive 
use.rs (212, 215-217), although not for eight of nine 
women using a -quinestrol-quingestanol acetate prep- 
aration (218). The increases were associated with 
increases in low (215) and very low (212, 215) density 
lipoproteins, and no consistent changes occurred in 
high density lipoprotein cholesterol (215). One study 
reported a significant decrease in cholesterol esterifica- 
tion(213). 


Fewer data are available concerning other parameters 
of lipid metabolism in oral contraceptive users. Phos- 
pholipids have been reported to be significantly elevated 


in association with a rise in high density lipoproteins 
(215, 218), although Rossner et al. (212) found an in- 
crease in phospholipids associated with very low density 
lipoproteins. Free fatty acids were reported to be signifi- 
cantly increased in one study (213) and unchanged in 
another (212). 


Changes in lipid metabolism parameters can be seen 
within a few weeks after initiation of oral contraceptive 
therapy (214, 215). They increase progressively in 
magnitude for several weeks; within 2-3 months the 
values may reach a plateau which then is maintained 
throughout therapy (215). Levels of these metabolites 
may continue to rise during treatment with some prep- 
arations, although they can be expected to return 
almost to pretreatment values within 6 months after 
cessation of therapy (216). Virtually no reversal of 
effects was observed, however, within 1 month after 
withdrawal (214). 


Although the evidence is not conclusive, it has been 
suggested that the estrogenic component of the oral 
contraceptives may be responsible for the lipid metabo- 
lism alterations. Increases in serum cholesterol and 
triglycerides were seen in women using combination- 
type preparations (100 mcg. mestranol plus 2.0 mg. 
norethindrone and 50 mcg. mestranol plus 1.0 mg. 
norethindrone) but not in those using a progestagen- 
only preparation (216). However, since the latter con- 
tained 0.5 mg. chlormadinone acetate, these data merely 
indicate that one particular progestagen, but not neces- 
sarily any other, appears to have no effect on lipid 
metabolism. Triglyceride levels, which had been elevated 
markedly in patients using 100 mcg. mestranol with 
3.0 mg. chlormadinone acetate, did indeed decrease, 
although not to pretreatment levels, when the medica- 
tion was changed to 3.0 mg. chlormadinone acetate 
alone (212). Dosage also might be of some importance. 
Barton et al. (216) pointed out that mean serum cho- 
lesterol and triglyceride levels were higher in those pa- 
tients using the higher dose combined preparation. 
However, no information was given to indicate the 
degree of variability among patients. 


Studies designed to elucidate the mechanism(s) by 
which oral contraceptives may alter lipid metabolism 
have focused primarily on the changes produced in 
triglyceride levels. That impaired removal of triglyc- 
erides might be involved was suggested by studies 
(212, 220-223) in which a decrease in postheparin lipo- 
protein lipase activity during oral contraceptive use 
was found. However, neither oral (223) nor intravenous 
(212) fat tolerance was shown to be impaired in oral 
contraceptive users, suggesting that increased triglyc- 
eride levels in these patients might not be the result 
of impaired removal of these metabolites. 


An alternative explanation for the increased tri- 
glyceride levels found during oral contraceptive use is 
an increase in triglyceride production rate (turnover) 
(212,214) due to increased secretion of these compounds 
by the liver (212). A study (214) of the transport ki- 
netics of plasma triglycerides showed that triglyceride 
production rate was almost twice as high in a group of 
oral contraceptive users as in a control group. Further- 
more, there actually was a simultaneous increase in the 
efficiency of triglyceride removal in the experimental 
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group which, however, only partly compensated for 
the large increase in triglyceride production. 


Oral contraceptive use, therefore, has been associated 
with both increased insulin levels (223) (oide supra) and 
increased triglyceride levels. Consequently, the hypoth- 
esis has been suggested (206, 223) that the increase in 
triglyceride levels may be secondary to the hyper- 
insulinemia ; that is, the elevated insulin levels might 
stimulate increased hepatic lipogenesis. What relation- 
ship, if any, might exist between such changes in lipid 
(and carbohydrate) metabolism and the occurrence of 
vascular lesions in oral contraceptive users (oide supra) 
remains to be determined (1 5). 


Effects on Protein Metabolism-The plasma levels 
of a number of proteins have been reported to be in- 
creased, and for others decreased, in users of a variety 
of oral contraceptives. However, the relevance, if any, 
of such changes to the overall health status of the pa- 
tients is unknown in most cases. Furthermore, protocols 
of the various studies discussed below have differed 
markedly, and in some cases the reports concerning 
specific proteins have been conflicting. 


Plasma levels of transferrin, the pglobulin respon- 
sible for iron transport, have been shown to increase in 
oral contraceptive users (224-227). The total iron-bind- 
ing capacity of the serum, a measure of transferrin 
levels, also was shown to increase in women given 1.0- 
or 3.0-mg. doses of norethindrone acetate with 50-mcg. 
doses of ethinyl estradiol (228); it did not increase, 
however, when doses of 10-75 mcg. of ethinyl estradiol 
alone were given. 


Plasma levels of copper (229, 230) and ceruloplasm, 
a copper-binding globulin (224, 225, 229), also have 
been shown to increase during oral contraceptive 
therapy. Norethindrone acetate (0.3 mg.) did not have 
these effects when given alone (229). However, Schen- 
ker ef al. (230) showed that a different progestagen, 
chlormadinone acetate (2.0 mg.), did cause an increase 
in serum copper. 


Studies of a,-macroglobulin levels during oral con- 
traceptive use have revealed either insignificant changes 
(225, 226) or significant increases (224, 231). Since this 
substance has antiplasmin activity in oitro, it has been 
speculated (226, 231) that increases in its plasma levels 
might lead to an increased clotting tendency and, hence, 
play a role in the production of thromboembolism 
(oide supra). 


C-Reactive protein, a complex glycoprotein synthe- 
sized in the liver, is an abnormal, nonspecific, acute- 
phase protein seen in pregnancy and with tissue injury 
and necrosis. This protein also was found in the serums 
of greater numbers of oral contraceptive (combined and 
sequential types) users and of women who had been 
using an intrauterine device for longer than 3 years 
than of control women (232). 


Transcortin (cortisol-binding globulin) is increased 
during oral contraceptive therapy (233), with the result 
that increased plasma levels of cortisol can be found in 
women using these drugs (210, 224, 233) (oide supra). 
Some progestagen-only preparations do not appear to 
have this effect (210). Furthermore, it appears that the 
free (active) fraction of cortisol may be increased as 
well as the bound (inactive) fraction (233). 


Thyroxine-binding globulin also is increased during 
oral contraceptive therapy (224, 234). As a result, the 
serum protein-bound iodine (PBI) is' increased and the 
triiodothyronine (T,) resin uptake is decreased (234, 
235). Therefore, although the functional status of the 
thyroid is believed to remain normal during oral con- 
traceptive therapy (234), thyroid function tests in 
patients using these drugs are likely to yield abnormal 
results (235). These effects are believed to be due pri- 
marily to estrogenic components of the oral contra- 
ceptives ; except for norethynodrel, administration of 
oral progestagens did not alter PBI levels or T, uptake 
(234). 


Plasma levels of a number of other proteins in oral 
contraceptive users have been studied less extensively. 
Haptoglobulins (224, 225, 228), orosomucoid (224, 
228), and al-acid glycoprotein (225) have been shown to 
decrease during oral contraceptive therapy, whereas 
al-antitrypsin (224, 225) and Bla-globulin (225) have 
been found to  increase. Albumin levels have been un- 
changed (225, 226) or decreased (224, 228). Some in- 
vestigators (224, 225) found no change in immuno- 
globulin levels in women using oral contraceptives, 
while others (226, 231) found increases in serum levels 
of yGAglobulin. 


Many of the proteins mentioned here are synthesized 
in the liver. Consequently, it has been suggested (225) 
that changes in plasma levels of these proteins occurring 
during oral contraceptive therapy might be the result 
of actions of the estrogens and/or progestagens on the 
liver. 


Liver Dysfunction and Jaundice-A 1967 review 
(236) of the hepatic effects of oral contraceptives re- 
vealed that a total of 40 cases of jaundice, in patients 
from five different countries, had been attributed to 
five different oral contraceptives. This side effect was 
considered to be rare (236, 237), and an incidence rate 
of 1/1O,OOO or lower was estimated (238). 


The 40 case histories reviewed (236) displayed a 
marked similarity. The early symptoms of pruritus, 
malaise, anorexia, and nausea usually appeared within 
the first 4 weeks of oral contraceptive therapy. Subse- 
quently, the urine darkened and jaundice appeared. 
Bilirubin and transaminase levels were elevated, with 
marked increases in serum glutamic oxaloacetic trans- 
aminase (SGOT) and serum glutamic pyruvic trans- 
aminase (SGPT) being found occasionally. Histological 
examination of liver biopsy revealed : (a) canalicular 
and hepatocellular bile stasis; (6)  generally slight, but 
variable, degrees of hepatocellular degeneration and 
necrosis; and (c)  minimal or absent inflammatory re- 
action. Electron microscopy revealed dilatation of the 
canaliculi, shortening or disappearance of the micro- 
villi, intracytoplasmic dense bodies, myelin figures, and 
dilation of the smooth endoplasmic reticulum. Cessa- 
tion of oral contraceptive treatment usually was associ- 
ated with complete clinical and chemical remission 
within a few weeks or months. Jaundice recurred, how- 
ever, in two patients following readministration of oral 
contraceptives. Of significance is the fact that 13 of 
these women previously had experienced recurrent 
jaundice or severe pruritus of pregnancy. 
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It appeared to the reviewer (236) that, in a small 
number of women, oral contraceptives could p~oduce 
jaundice associated with reversible, noninflammatory 
intrahepatic cholestasis. The finding of other abnormal- 
ities of liver function tests in oral contraceptive users 
was more common, however. Sulfobromophthalein 
retention, for example, was mildly increased in 21 % 
of the women in a Los Angeles study who had been 
using norethindrone (2.0 mg.) with mestranol. The 
same product was associated with mildly increased 
sulfobromophthalein retention in 42 % of the women in 
a Swedish study. Other oral contraceptive products 
were reported to have produced an increase in sulfo- 
bromophthalein retention in 19-48% of users in Fin- 
land and in 7-29 % of users in the United States. Various 
studies demonstrated elevations in transaminase levels 
in &l8% of oral contraceptive users and slight eleva- 
tions in alkaline phosphatase in 2%, or fewer, of the 
subjects. Minimal elevations of serum bilirubin oc- 
curred only rarely or not at all. 


Observations that greater numbers of oral contra- 
ceptive users in Scandinavia and in Chile than in other 
parts of the world appear to develop jaundice (234) 
and/or show abnormalities in liver function tests (234) 
have suggested to a number of workers (234, 237, 239, 
240) that some type of predisposition, possibly genetic, 
might be involved. 


Results of studies reported since Ockner and David- 
son's review (236) have tended to support earlier find- 
ings. There have been isolated case reports (241, 242) 
of women developing jaundice and pruritus during use 
of norethindrone (2.0 mg.) with mestranol. One woman 
(241) had a history of jaundice during pregnancy. 
Neither woman developed symptoms when treated 
subsequently with 0.5 mg. chlormadinone acetate (241) 
or 80 mcg. mestranol followed by 80 mcg. mestranol 
plus 2.0 mg. chlormadinone acetate (242). 


Liver biopsies from six jaundiced and/or pruritic 
and six nonjaundiced, nonpruritic oral contraceptive 
users were compared histologically and found to be 
similar (243); no samples from untreated patients were 
studied. The authors did point out, however, that the 
type of mitochondria-like organelles found were similar 
to those found in livers of patients with hyperbili- 
rubinemia induced by anabolic steroids. Except for one 
case of elevated serum glutamic pyruvic transaminase, 
liver function tests were normal in the asymptomatic 
patients. Bilirubin, serum glutamic oxaloacetic trans- 
aminase, serum glutamic pyruvic transaminase, and 
alkaline phosphatase, but not thymol turbidity, were 
elevated in most cases in the symptomatic group. Four 
of the five parous, symptomatic patients, but none of 
the five parous women in the asymptomatic group, had 
a history of pruritus during pregnancy. 


Two other studies (244, 245) also attempted to cor- 
relate liver function test results with liver biopsy find- 
ings. In one study (244), data were compared from 
women with gallbladder disease who were either users 
or nonusers of oral contraceptives. Histological ap- 
pearance of the livers from the two groups was similar, 
but again no healthy, untreated control livers were 
examined. Levels of bilirubin, serum glutamic oxalo- 
acetic transaminase, and serum glutamic pyruvic trans- 


aminase, but not of thymol turbidity or alkaline phos- 
phatase, were elevated in the users as compared with 
the nonusers. The second study (245) found filamentous 
mitochondria1 inclusions in a small group of oral con- 
traceptive users. However, they were present both in 
jaundiced and nonjaundiced patients, and in those with 
extremely or only moderately elevated levels of serum 
glutamic oxaloacetic transaminase and/or serum glu- 
tamic pyruvic transaminase. Although these workers 
did not find such inclusions in liver biopsies from their 
one normal female and three normal male patients, they 
pointed out that others had reported such observations. 
They suggested that individuals with such inclusions 
could be the ones more likely to develop toxic hepatitis 
when using oral contraceptives. 


Liver function tests have been performed on other 
asymptomatic oral conttaceptive users. The results of 
one study (246) suggested that oral contraceptive use 
was associated with increased numbers of abnormal 
sulfobromophthalein tests, that the increase was dose 
dependent, and that the proportion of women with 
abnormal sulfobromophthalein tests might decrease as 
the duration of steroid administration increased. Some- 
what different observations were made in another study 
(247). In the latter study, the percentage of abnormal 
sulfobromophthalein tests increased during the first 
3 months of oral contraceptive therapy and then main- 
tained a plateau throughout the remaining nine cycles 
of observation ; however, the criteria for abnormal 
sulfobromophthalein retention differed between the 
two studies. Larsson-Cohn (247) also studied serum 
glutamic oxaloacetic transaminase and serum glutamic 
pyruvic transaminase levels in his patients; the frequency 
of elevated transaminases was found to be maximum 
after 1 month of oral contraceptive use and then was 
observed to decrease. 


It appears that morphological and at least temporary 
functional changes may take place in the livers of some 
oral contraceptive users. Such findings lend support to the 
hypothesis (oide supra) that at least some of the changes 
seen in carbohydrate, fat, and protein metabolism in 
oral contraceptive users might be mediated by an 
effect(s) of the medication on the liver. Whether the 
estrogenic and/or progestagenic component(s) of the 
oral contraceptives may be responsible for the liver 
changes has not been resolved. It has been shown, for 
example, that 17a-alkyl-substituted derivatives of 
testosterone (anabolic steroids) may interfere with bile 
excretion at the biliary canalicular level and cause 
cholestatic jaundice (234), as well as reduce the biliary 
transport maximum for sulfobromophthalein (239). 
Moreover, most progestagens in the commercially avail- 
able contraceptive preparations are chemically very 
closely related to the former (oide supra). However, the 
estrogenic components, ethinyl estradiol and mestranol, 
also have unsaturated hydrocarbon groups in the 17a- 
position (234) and have been shown (241) to impair 
liver function tests when given to women with a history 
of jaundice of pregnancy. Although the 19-nortestos- 
terone-derived progestagens and the commercially 
available synthetic estrogens all may have the potential 
of affecting the liver, the former are administered in 
doses of 1.0 mg. or greater while the latter are used in 
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doses of 100 mcg. or less (247). The details of one case 
report (242) described previously serve to emphasize this 
point. The woman became jaundiced while using 2.0 
mg. norethindrone with 100 mcg. mestranol but re- 
mained asymptomatic while using 80 mcg. mestranol 
followed by 80 mcg. mestranol plus 2.0 mg. chlor- 
madinone acetate. This latter progestagen, furthermore, 
is a 17a-hydroxyprogesterone derivative (aide supra). 


Amenmbea and Galactorrhea-It was noted that 
use of injectable progestagen-only contraceptives often 
results in prolonged amenorrhea (26). However, this 
phenomenon also has been reported to occur following 
termination of the use of oral contraceptive preparations 
of both the combined and sequential types (248-251). 
Its occurrence obviously would be of concern to women 
who were using these compounds merely to delay the 
start of their families or to space their children. 


The actual incidence of this phenomenon, variously 
termed “post-pill amenorrhea” (25 1) and the “over- 
suppression syndrome” (252, 253), appears to be low. 
Arrata and de Alvarez (253), for example, pointed out 
that various workers estimated the postcontraceptive 
incidence to be 1-10%. On the other hand, little is 
known about the incidence of spontaneous secondary 
amenorrhea in the general population, making it diffi- 
cult to determine the significance of its incidence in 
women who have discontinued the use of oral contra- 
ceptives. As a possible comparison, it can be stated that 
reports indicated a 2-7% (15) and 6 2 2 %  (254) inci- 
dence of secondary amenorrhea in young women ex- 
posed to minor life-stresses such as leaving home to live 
in a new environment. Postcontraceptive amenorrhea 
has occurred in women who had regular menstrual 
cycles prior to treatment as well as in those who previ- 
ously exhibited irregular cycles (25&253, 255). Conse- 
quently, inquiries into the true incidence of oral con- 
traceptive-induced temporary amenorrhea following 
termination of use of the latter should take into con- 
sideration the patient’s menstrual history prior to its 


The phenomenon of postpill amenorrhea, providing 
other causative factors such as a pituitary tumor can 
be ruled out, represents an extension of the therapeutic 
effect of the oral contraceptives (aide supra). In some 
patients, apparently, the hypothalamic blockade con- 
tinues, to varying degrees (253), following cessation of 
medication. For example, the first posttreatment cycle 
merely may be prolonged, 3 6 8 0  days in length (248). 
On the other hand, the spontaneous return of menstrua- 
tion did not occur in one woman until she had been 
amenorrheic for 6 years (250), while a second ’woman 
was still amenorrheic after 8 years. 


That some degree of hypothalamic dysfunction prob- 
ably is responsible tends to be supported by the results 
of treatment (aide infra) and by laboratory determina- 
tions. Specifically, although Arrata and Howard (255) 
did find that total urinary gonadotropins were within 
normal limits by bioassay criteria, they pointed out that 
the bioassay method yields grossly inaccurate and non- 
specific results. Subsequent measurements of serum LH 
by radioimmunoassay revealed normal tonic levels but 
the absence of an ovulatory surge (253). Gambrel1 el al. 
(251), furthermore, found low to normal serum FSH 


Use.  


and LH levels in their amenorrheic patients. Estrogen 
levels tended to be low in a number of the patients as 
well (251,253,255). 


Galactorrhea accompanies the amenorrhea in some 
women (250-253,255). The former may begin while the 
patient is still taking the contraceptive tablets (25 1 , 
255) or, alternatively, it may not become manifest until 
after cessation of therapy. Presumably, this phenom- 
enon also is the result of excessive hypothalamic block- 
ade. In this case, however, the blockade is thought to 
release the pituitary from hypothalamic inhibition (253). 
Specifically, secretion of the pituitary hormone, pro- 
lactin, is thought normally to be suppressed by a hypo- 
thalamic inhibitory factor, PIF. Furthermore, although 
the exact function of prolactin in the human is poorly 
understood (256), its concentration is known to be 
elevated in lactating women. 


A comparison of the works cited revealed no relation- 
ship between the duration of contraceptive therapy and 
the occurrence of prolonged amenorrhea and/or 
galactorrhea. It may be of significance, however, that 
of the 105 amenorrheic patients reported (248,250-253, 
255), none had taken the medication for less than three 
cycles. 


It should be emphasized that: (a) the incidence of 
postpill amenorrhea is low (251); (6)  menstruation was 
reported in one study (248) to recur within 48 days 
(somewhat sooner for sequential-type users than for 
users of the combined type) following cessation of 
therapy in the vast majority of women and that ovula- 
tion did occur in a large number of these women during 
their first three posttreatment cycles; and (c )  that 
among the patients in another study (253), normal 
menses tended to resume within the first 6 months fol- 
lowing cessation of oral contraceptive therapy. 


Assuming they wish to become pregnant, at least 
some of the women with secondary amenorrhea follow- 
ing the use of oral contraceptives may be treated suc- 
cessfully. The true success is difficult to evaluate, how- 
ever, because the number of women reported in the 
various studies (250-253,255) is small. It would appear 
that about half the women may respond to treatment 
with clomiphene citrate, again supporting the idea that 
the phenomenon represents hypothalamic dysfunction 
and/or a desynchronization of normal cyclic events. 
For clomiphene to be effective, the woman’s pituitary 
must be capable of secreting gonadotropins and her 
ovaries must contain follicles capable of maturing and 
rupturing (257). In addition, there should be adequate 
estrogen secretion (255). Women not responding to  
clomiphene may respond to gonadotropins [human 
pituitary (250), human menopausal (25 l), FSH (252), 
and/or human chorionic (25 1, 252)] administered in- 
stead of, or in addition to, clomiphene. Despite spon- 
taneous or induced ovulation in these women, however, 
pregnancy is not always achieved. One possible explana- 
tion was suggested by Maqueo et al. (258); these workers 
found histological evidence indicative of postcontra- 
ceptive endometrial refractoriness (inactivity) in some 
patients, a phenomenon which, theoretically, could im- 
pair fertility. 


Miscellaneous Reactions and Complaints-Numerous 
reports concerning a variety of reactions and complaints 
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that might possibly be associated with the concurrent 
use of oral contraceptives have been cited in the litera- 
ture (15, 23, 26, 84, 234, 240, 259-262). It has been 
pointed out (84), however, that many such reports in- 
volve observations made on only one or two patients. 
Consequently, the use of statistical analysis to deter- 
mine the probability of a cause-and-effect relationship in 
such cases is an impossibility. On the other hand, the 
appearance of unusual symptoms during oral contra- 
ceptive therapy (in the absence of other drug use or pre- 
disposing conditions), their disappearance following 
drug withdrawal, and their reappearance upon read- 
ministration of the oral contraceptives would seem to sug- 
gest that unusual reactions may develop in rare cases as a 
result of oral contraceptive use. Nevertheless, the lack 
of placebo trials (uide infra) in these isolated cases pre- 
vents one from concluding positively that these reac- 
tions actually were due to the medication and were not 
merely coincidental occurrences (26). 


Jelinek (260), for example, reviewed the available 
data concerning a number of cutaneous reactions re- 
ported to be associated with oral contraceptive use. 
These reactions include photosensitivity, herpes gesta- 
tionis (in women who had previous attacks during 
pregnancy), and the induction or exacerbation (260, 
261) of lupus erythematosus. Melasma, brown facial 
pigmentation, may be the most common cutaneous 
complication of oral contraceptive use; its incidence in 
users in the United States has been estimated at 5 4 %  
(260). After cessation of oral contraceptive therapy, 
melasma appears to fade more slowly than does that 
which accompanies pregnancy, and it actually may be 
permanent. In addition, women who have had melasma 
during pregnancy appear to be more likely to develop 
the condition during subsequent oral contraceptive use. 


Various neurological manifestations similarly have 
been associated with oral contraceptive use. In some 
cases, however, the events cited may have had a vascular 
etiology. Reported symptoms include chorea (262), 
migraine (15,26,259), and decreased visual acuity (259), 
as well as other ocular disorders (15,259). 


Goldzieher ef al. (263) recently pointed out that al- 
though numerous reports exist in the literature that 
suggest an association between subjective complaints, 
such as nervousness and depression, and the use of oral 
contraceptives, the frequency of such symptoms ac- 
tually attributable to these drugs is still unknown. Pre- 
vious studies lacked an experimental design that in- 
corporated: (a) randomization of drug and placebo as- 
signment, (b) double-blind administration, and (c )  
appropriate crossover of drugs and placebo. Using such 
a design, these workers showed that: (a) the incidence, 
during a pretreatment cycle, of complaints including 
nausea, vomiting, abdominal discomfort, mastalgia, 
headache, and depression could not be used as a base- 
line, and all of these symptoms, except for nausea and 
vomiting, diminished markedly upon initiation of 
placebo treatment; (b) significant increases in nausea, 
vomiting, headache, and nervousness could be demon- 
strated statistically only in the first treatment cycle with 
high estrogen agents; and (c )  although a weight gain of 
2.3 kg. ( 5  lb.) or more occurred in a substantial number 
of women over a period of four cycles, the weight gain 


was the same in the placebo group as in the other four 
groups which had been using, respectively, two different 
combination-type preparations, a sequential prepara- 
tion, and a progestagen-only preparation. 


The authors pointed out that the results of their study 
should not be construed as indicating that these various 
phenomena were not associated with oral contraceptive 
use, but rather that the true incidence of drug-related 
complaints was probably much lower than previously 
had been assumed. In support of this conclusion, Gold- 
zieher et al. (263, 264) cited a study in which changes in 
the color of contraceptive medication had elicited 
changes in nausea and headache, as well as a decrease 
in libido. On the other hand, Goldzieher et al. (263) in- 
dicated that some degree of weight gain, for example, 
theoretically could be induced by the oral contracep- 
tives since metabolic studies had shown an anabolic 
effect of progestagenic steroids when they were given to 
estrogen-primed women. Kudzma et al. (265), how- 
ever, showed that in four women on a constant caloric 
intake, metabolic balance changes occurring during 
oral contraceptive-treated cycles were similar in  magni- 
tude to those occurring during normal, untreated 
menstrual cycles. Nevertheless, the results of a study 
(266) of adolescent users of oral contraceptives sug- 
gested that other factors, nutritional or psychological, 
for example, might play a role in weight gain during 
oral contraceptive use. The risk of significant weight 
gain in this study was found to be related directly to the 
patient’s initial weight percentile at the start of contra- 
ceptive treatment. 


In spite of the drawbacks of non-double-blind stud- 
ies, a number of such investigations have been carried 
out in an effort to determine the incidence of various 
subjective and semisubjective complaints, particularly 
depression, in users and nonusers of oral contracep- 
tives. Goldzieher (85), for example, compared the 
answers given by oral contraceptive users and intra- 
uterine device users to nonleading questions regarding 
their health. Except during the first three cycles of oral 
contraceptive use, when the incidence of nausea was 
found to be high, the incidence of various symptoms in- 
cluding nausea, vomiting, diarrhea, malaise, tiredness, 
weakness, headache, dizziness, nervousness, depression, 
and decreased libido was found to be similar in oral 
contraceptive and intrauterine device users. The results 
of other studies, however, indicated: (a) less depression 
in oral contraceptive users than in intrauterine device 
users (267) or (6) greater depression in oral contracep- 
tive users than in nonusers, the majority of the latter 
having been diaphragm users (268). Several explana- 
tions for the discrepancies have been suggested. With 
respect to the diaphragm users, it is Hart’s (269) opinion 
that such a group would be highly selected (nonran- 
dom), i.e., that individuals using the diaphragm were 
likely to be of a more stable temperament than would 
be oral contraceptive users. With respect to the other 
study (267), the intrauterine device users had been sig- 
nificantly more depressed than the oral contraceptive 
users prior to the start of contraception by these groups. 
Other studies, furthermore, have shown that women 
with histories of depression (270-272) and other emo- 
tional disorders (272, 273) were the ones most likely to 
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complain of depression (270-272), to have psychotic re- 
actions (273), and/or to experience tension, nausea, 
dizziness, forgetfulness, and anger (272) while using oral 
contraceptives. 


Other factors also are likely to have an influence on 
whether or not side effects such as depression may de- 
velop in oral contraceptive users. Reactions such as 
depression, headache, and loss of libido were con- 
spicuously absent from O’Dwyer’s (274) patients. 
These women were strongly motivated to remain well 
and nonpregnant; the majority already had three or more 
children and had experienced unhealthy, unpleasant, 
and dangerous episodes during their pregnancies. 
Main (275) also emphasized the psychogenic aspect of 
oral contraceptive-induced depression. He outlined a 
number of problems that use of such medication pro- 
duced in certain women: (a) sadness that there would be 
no chance of a slip-up and pregnancy; (b) sadness at 
removal of an “essential” ingredient for sexual pleas- 
ure-the risk; and (c )  a number of other points, all of 
which suggested that the women studied had a poor 
adjustment to their sexuality. In conclusion, it is tempt- 
ing to speculate that similar psychological factors con- 
tribute to the discrepancies found between the theo- 
retical effectiveness and the use effectiveness of the 
various oral contraceptives (aide supra), as well as of 
various other methods of birth control. 


OUTLOOK FOR THE FUTURE 


The commercially available oral contraceptives are 
highly effective agents, although patient failures and 
even method failures can occur. They are also agents 
whose use has been associated with serious adverse re- 
actions in some women. Consequently, the contraindica- 
tion of their use in thromboembolic disorders, markedly 
impaired liver function, and estrogen-dependent neo- 
plasia seems justified. Nevertheless, there is some evi- 
dence to suggest that both their effectiveness and the 
occurrence of severe adverse reactions in patients using 
them may be partly related to factors such as size of the 
individual and ethnic group (67) or genetic predisposi- 
tion (142-146, 234, 237, 239). Furthermore, in the case 
of women with thromboembolic disorders, care must be 
taken to provide equivalently effective alternative 
method(s) of birth control, since the incidence of post- 
partum thrombosis has been shown to be higher than 
that occurring with the use of oral contraceptives (104, 
119). With respect to women with liver disease, cautious 
advice (236) has been to avoid oral contraceptives in the 
presence of any type of acute or chronic disturbance of 
liver function; others (240), however, have indicated 
that the only absolute contraindication need be in 
patients with any type of acute or chronic cholestatic 
hepatobiliary illness “since the hepatic abnormalities 
induced by the pill are basically in the bile-secreting 
function.” 


Attempts to develop steroid contraceptives that might 
have less potential for producing serious adverse reac- 
tions, the low dose, progestagen-only preparations, for 
example, unfortunately have resulted in compounds that 
also are somewhat less effective than the conventional 
agents. On the other hand, greater effectiveness from the 


point of view of eliminating patient failures may be 
achieved by more extensive use of depot preparations, 
although method effectiveness in comparison with that 
of the conventional oral contraceptives does not seem 
to be altered. Furthermore, irregular bleeding seems to be 
more common with dosage forms and dosage regimens 
other than those of the commercially available com- 
bined and sequential oral preparations. Perhaps it is 
for this reason that it has been suggested that the in- 
jectable preparations may be abandoned as contra- 
ceptives for future use (75). 


The intrauterine device, of which many types are 
available (276), seems to offer a good alternative to 
steroid contraception in that patient failure due to 
forgetting to take one’s medication obviously is elimi- 
nated. Effectiveness varies, however, due to a number of 
factors, although the addition of a chemical, such as 
copper, to the intrauterine device may increase its effec- 
tiveness (277). Nevertheless, the long-term effects of the 
presence of an intrauterine device, not to mention the 
presence of a chemical in addition, cannot be anticipated 
at this time, particularly since the mechanism of action 
of the intrauterine device is thought to involve a foreign 
body-induced low grade inflammation in the endo- 
metrium (278). 


Perhaps the most promising contraceptive means for 
the future may prove to be the use of agents with aborti- 
facient, luteolytic, and/or menses-inducing properties. 
Such agents would be used once a month (1 5 )  and per- 
haps only in the event that menstruation was delayed 
due to fertilization and implantation having taken place. 
Menstruation has indeed been induced in women by the 
intravaginal administration of PGEz and PGF& (279). 
Bleeding was induced in 24 hr. or less in 11 of 12 women 
in whom menstruation had been delayed for 2-7 days. 
Eight of the 11 had a positive test for pregnancy. The 
12th woman also was found to be pregnant and was 
aborted with a 5-mcg.lmin. PGE2 infusion. 


Prostaglandins are thought to be involved in the 
natural process of menstruation (279). Nevertheless, 
the mechanism by which intravaginally administered 
prostaglandins induce menstruation is not clear. It has 
been suggested that it may be the result of the increased 
uterine contractility that is produced, although an in- 
hibitory effect on the corpus luteum has not been ruled 
out. The ease with which prostaglandins could be self- 
administered intravaginally within a few days of a 
missed menstrual period [or, alternatively, just prior to 
the expected time of menstruation every month, regard- 
less of whether or not fertilization might have occurred 
(280)] gives these compounds a potentially important 
place in the future of contraception. 
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Pharmacokinetics of the 8-Adrenergic Blocker 
Sotalol in Dogs 


KURT SCHNELLE and EDWARD R. GARRETT’ 


Abetrect 0 The time course of absorption, distribution, and excre 
tion of the @-blocker sotalol was studied in three unanesthetized 
dogs at three dosage levels of 1,2, and 4 mg./kg. i.v. and 2,4, and 8 
mg./kg. p.0. The drug was assayed in body fluids and excreta by a 
spectrophotofluorometric method and by counting of tritiated drug. 
Unchanged sotalol is excreted up to  90% (*12%) in the urine. 
There was no protein binding, and the partition coefficient between 
plasma and red blood cells was unity. The data obtained in the 
studies were fitted graphically and by analog computer techniques 
and demonstrated no dose dependence. The graphical fit of the 
plasma levels following intravenous administration in accordance 
9 t h  a two-compartment open body model revealed a rapid dis- 
tribution phase with a of 3.2 f 1.1 h., which was followed 
by a disposition phase with a fa/, of 4.8 f 1.03 hr. The analog 


computer fittings of the plasma and urine data according to the 
two-compartment model gave constants similar to those obtained 
from the graphical fits. The addition of a third tissue compartment 
that was in slow equilibrium with the central compartment proved 
necessary for a better fit of the data obtained at the high dosage 
level and in the JH-sotalol assays. The 7590% absorption of sotalol 
in solution following oral administration was rapid ( t i / ,  - 11-17 
min.). 


Key phrases 0 Sotalol pharmacokinetics-absorption, distribution. 
and excretion after intravenous and oral administration to dogs, 
protein binding and plasma/red blood cell partition studies 0 
Pharrnacokinetics, sotalol-absorption, distribution, and excretion 
following intravenous and oral administration, dogs 0 Absorption, 
sotalol-following intravenous and oral administration, dogs 


Sotalol hydrochloride ’, 4‘{ 1 -hydroxy-2-(isopropyl- 
amino)ethyl]methanesulfonanilide monohydrochloride, 
is a specific and potent 8-adrenergic blocking drug. 
Several studies in both animals and man have demon- 
strated that the compound reverses isoproterenol- and 
epinephrine-induced tachycardia (1-3) and reverses 


1MJ 1999. 
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the increase in blood levels of free fatty acids, lactic 
acid, and glucose that follows isoproterenol and epi- 
nephrine infusion (4, 5) .  Since the drug possesses less 
“quinidine-like” activity, it has been suggested that 
sotalol therapy may be preferred over other 8-blockers 
with pronounced negative inotropic side effects (6). 


It has been indicated that the plasma levels of tritium- 
labeled drug are related to the drug’s pharmacological 








Selenium Heterocycles VIII: 
Synthesis and Antibacterial Activity of Selenosemicarbazide and 
1,3,4Selenadiazolylcarbamic Acid Esters 


A. SHAFIEE, I. LALEZARI', S. YAZDANY, and A. POURNOROUZ 


Abstract 0 The antibacterial activity of selenosemicarbazide and its 
acyl derivatives was compared with the activity of their sulfur and 
oxygen analogs. A series of 1,3,4-selenadiazolylcarbamic acid esters 
was also prepared and tested. Some of these compounds showed 
significant antibacterial activity. 


Keyphrases 0 Selenosemicarbazide and acyl derivatives-synthe- 
sis,antibacterial activity compared with sulfur and oxygen analogs 0 
1,3,4-Selenadiazolylcarbamic acid esters-synthesis, antibacterial 
activity 0 Antibacterial activity-synthesis of selenosemicarbazide 
derivatives and I ,3,4-selenadiazolylcarbamjc acid esters 


Recently, we reported (1, 2) that 1,3,4thiodiazolyl- 
carbamic acid esters have potent antibacterial and 
antiviral activity. Bhamaria et al. (3) reported that 1-acyl 


Table I-1-Acyl Selenosemicarbazides 


EXPERIMENTAL' 


The desired compounds were prepared according to Scheme I. 
The physical data of these compounds are summarized in Tables I 
and 11. 


All compounds listed in Table 111 were tested against B. subtilis 
(NCTC 3610), S.aureus(ATCC 6538), Klebsiellapneumoniae (ATCC 
10031), and Sarcina lutea (ATCC 9341). 


The compounds were dissolved in sterile distilled water and di- 
luted to a 0.5% concentration. Standard paper disks of 6 mm. 
diameter were immersed in solution and were placed on inocu- 
lated assay medium surface*. None of the 1-acyl semicarbazides 
or 1-acyl thiosemicarbazides and their derivatives showed signifi- 
cant activity (Table 111). 


All compounds listed in Table I1 were tested against S. uureus 
(ATCC 6538p) and K. pneuinoniue (ATCC 10031) at different con- 
centrations in liquid medium*. Compounds 6,7, and 12 at the con- 


RCONH NHCSeNHs 


Melting Yield, CrysQUization -Analysis, x- 
Compound R Point z Solvent Formula Calc. Found 


1 H 172" 50 Water GHsNaOSe C 14.45 14.33 
H 3.01 2.% 


2 w 6  182" 40 Ethanol CIHoNaOSe C 24.72 24.89 
H 4.63 4.55 


39.39 
H 3.70 3.80 


3 Cdi6 210-214" 76 Ethanol-water CsH&OSe C 39.66 


4 PFCSHI 198-200" 72 Water GHaFNiOSe C 36.92 37.02 
H 3.07 2.99 


4-alkyl (or aryl) thiosemicarbazides have no significant 
antibacterial activity against Escherichia coli and Sal- 
monella typhosa and very limited activity against 
Staphylococcus aureus, but the majority of the com- 
pounds tested were active against Mycobacterium 
tuberculosis. Bednarz (4) reported that selenosemicar- 
bazides of aldehydes were active against M .  tuberculosis, 
S. aureus, Bacillus subtilis, and E. coli. Therefore, the 
comparative study of antibacterial activity of a series of 
selenium compounds and their analogs was of special 
interest. 


1FQ(JJ 0 


Scheme I 


centration of 0.6 mg./ml. inhibited the grawth of these organisms. 
No significant inhibition was observed with the other compounds 
up to the concentration of 2.5 mg./ml. 


Selenosemicarbazide was prepared according to the literature 
(5 ) .  


1-Fonnylse lenosemirde  (Compound 1)-Selenosemicarba- 
zide (2.76.g., 0.02 mole) and 10 ml. of 99-lOaZ formic acid were re- 
fluxed for 20 min. The reaction mixture was filtered hot, allowed to 
crystallize at room temperature, and recrystallized from water. 
l-Propionylselenosemicarbazide (Compound 2)-This compound 


was prepared from propionic acid and selenosemicarbazide similar 
to 1-formylselenosemicbazide. 


Other 1-acyl selenosemicarbazides were prepared by the method 
reported previously (6). 
l-Benmyleeleno6emkarbasemlcarbazlda (Compound 3)--Selenosemicar- 


bazide (2.76 g., 0.02 mole) was dissolved in 40 ml. of 4% sodium 
hydroxide and, while stirring at ice bath temperature, benzoyl 
chloride (2.8 g., 0.02 mole) was added dropwise. After standing at 
room temperature for 1 hr., charcoal was added to the reaction 
mixture, which was then filtered and acidified with 10% hydrochloric 
acid and the precipitate was recrystallized from ethanol-water. 


N - ( 5 - ~ i ~ u o r o m e t h y l - l ~ , ~ l ~ d ~ l - 2 - y l ) ~ r ~ ~ c  Acid Ester 
(Compound 12)-2-Amino-5-trifluoromethyl- I ,3,4selenadiazole (6) 


1 Melting points were taken on a Kofler hot stage microscope and are 
uncorrected. Their spectra were recorded' using a Leitz spectrograph. 
NMR spectra were recorded on a Varian A6OA instrument. * Antibiotic assay medium, British Pharmacopoeia. 1968. 


8 Antibiotic assay medium without agar, British Pharmacopoeia. 1968. 
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Table II-SSubstituted-1,3,4-selenadiazol-2-yl-carbamic Acid Esters 2 S & € f -  A- OK 


Melting Yield, crystallkation -Analysis, %- 
Compound R R' Point z Solvent Formula Calc. Found 


5 


6 


7 


8 


9 


10 


11 


12 


170" 


165" 


155" 


147" 


119" 


148" 


132" 


204" 


63 


69 


77 


82 


80 


53 


66 


77 


Water 


Water 


Water 


Water 


Water 


Water 


Water 


Water 


C 27.14 27.21 - 
H -3.16 3.09 
C 36.50 36.29 
H 4.92 5.01 
C 36.50 36.66 
H 4.92 4.99 
C M.63 30 71 . . 


H -3:82 3.78 c 33.73 33.71 
H 4.41 4.49 
C 42.40 42.43 
H 3.18 3.17 
c 44.44 44.26 . 
H -3:io 3.66 
C 24.91 25.06 
H 2.07 2.11 


X 
II Table III-Average Zone Size, mm. It-NH-NH-C-NHz 


B. sub- K. pneu- Sar. 
R X tilis moniae S. aureus lutea 


3 0 4 0  H se 
HCO S 


45 19 HCO 
CHaCO S 


32 29 CHaCO se 
GHSCO S 


36 23 C2HsCO se 
casco 0 
Cd-IHsCO S 
C&3CO se 19 39 26 41 
pFCSHK0 se 19 38 27 42 


- - 48 


24 


35 


34 


- 23 


s e 2 0  


21 


14 


- 


- - - - 
- - - - 
- __ - - 


- - - - 


All other compounds were prepared similarly (Table 11). 
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(0.55 g., 0.025 mole) and chloroformic acid ethyl ester (0.28 g., 0.026 
mole) in 18 ml. chloroform were refluxed for 2 hr. After removing 
the solvent, the residue was crystallized from water to give 0.55 g. 
(77%:) of Compound 12. 
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Kinetics of Synthesis of d4-Succinic Anhydride from 
Succinic Anhydride and d,-Acetic Acid 


VALENTINO J. STELLA 


Abstract 0 The synthesis and the kinetics of the synthesis of d4- 
succinic anhydride from succinic anhydride and &acetic acid, 
catalyzed by sodium acetate, are presented. The results show that 
the conversion is both base and solvent catalyzed, suggesting that 
the deuteration may occur through the enolization of succinic an- 
hydride. The synthesis is faster and simpler than previous methods 
and makes use of relatively accessible and inexpensive materials. 


Keyphrases 0 d4-Succinic anhydridesynthesis and kinetics from 
succinic anhydride and &acetic acid 0 Deuteration of succinic 
anhydride-synthesis of d,-succinic anhydride 0 &Acetic acid- 
deuteration of succinic anhydride, kinetics 


The use of isotopically labeled pharmaceutical com- 
pounds as analytical tools and the selective deuteration 
at various points in drug molecules to investigate drug 
activity kinetic isotope and stability effects have been 
achieving wider coverage in recent years. The need to 
find a fast inexpensive synthesis of d4-succinic anhydride 
and deuterated succinic acid is exemplified by deuterated 
succinic acid's use as an important carbon source for 
the growth of algae, fungi, and bacteria in deuterium 
oxide (1-3). Growth of these organisms in deuterium 
oxide is severely hindered if carbon source substrates 
are not present. The use of these culture techniques 
employing deuterated and nondeuterated substrates has 
led to the biosynthesis of fully deuterated penicillin 
(4, 5) ,  deuterated griseofulvin (6-8), deuterated clavine 
alkaloids (9, lo), and, more recently, L-deuterophenyl- 
alanine (1 1). On the basis of these needs and in the course 
of preparation of a number of d4-succinyl derivatives 
of drug molecules for a later study, it was indeed ad- 
visable to find a high yielding, fast synthesis of d4-suc- 
cinic anhydride'. Previous methods of preparation of 
d4-succinic acid and subsequently d4-succinic anhydride 


D2 


Pd 
ROOCCSSCOOR + ROOCCDrCDnCOOR 


R = alkyl 


Scheme I 


Nn/Hg 
K+OOCC~CCOO-K+ __* KC-00CCDzCD2C00-K+ 


D1O 


Scheme I1 


DaO 


NaOD 
Na+-OOCCH2CH?COO -Na+ -+ 


Na+-00CCD2CD2C00-NaC 
185" 


Scheme 111 


ddhccinic  acid or do-succinic acid can be prepared from dl-succinic 
anhydride by hydrolysis from water or deuterium oxide, respectively. 


involved the catalytic reduction of acetylenedicar- 
boxylic acid derivatives (12-19) (Schemes I and II), the 
reaction of disodium succinate with alkali deuterium 
oxide under vigorous conditions (20-23) (Scheme III), or 
an enzymatic synthesis (24). All of these procedures 
have problems either in the preparation of starting 
materials (Schemes I and I1 and the enzymatic synthesis) 
or in the very vigorous conditions required for com- 
plete reaction (Scheme 111). Attempts at Scheme 111 in 
these laboratories under reflux conditions proved ex- 
tremely slow and costly, both in time and glassware. 


Stella and Higuchi* attempted the preparation of the 
N-succinyl derivative of phthalimide by the reaction of 
potassium phthalimide with succinic anhydride in non- 
aqueous aprotic solvents. The reaction products sug- 
gested that, under such conditions, succinic anhydride 
may undergo an enolization, although this was not 
fully investigated at the time. The partial acidic nature 
of the a-hydrogens of carboxylic acids (20-23, 25-30), 
carboxylic acid amides (23), carboxylic acid esters 
(31, 32) in the Stobbe reaction, and carboxylic acid 
anhydrides (32) in the Perkin condensation reaction 
has been well established. This acidic nature of the 
a-protons and the possible enolization of succinic 
anhydride prompted the present line of investigation. 


In this study the synthesis and kinetics of synthesis of 
d4-succinic anhydride from succinic anhydride and 
dl-acetic acid in the presence of sodium acetate were 
evaluated (Scheme IV). This system fulfilled the require- 
ments of a nonaqueous solution, a base, and a deuterium 
source. Haddadin (34) showed that succinic anhydride, 
in the presence of acetic acid at room temperature, re- 
sults in the retention of the anhydride character by the 
succinate, with only one part in a hundred of the suc- 
cinic anhydride being converted to succinic acid and 
acetic anhydride. 


EXPERIMENTAL 


MaterialsSuccinic anhydride was prepared by refluxing suc- 
chic acid in acetic anhydride, allowing the succinic anhydride to 
crystallize, and subsequently washing and recrystallizing from 
chloroform. &Acetic acid was prepared by stirring equimolar 
quantities of 99.6x deuterium oxide and acetic anhydride at 60" 


CH2-C=0 


CH3COONa 


(reflux) 


+ + 
4CH,COOD 4 C H m H  


Scheme I V 


*V. I. Stella and T. Higuchi, University of Kansas, Lawrence, KS 
66044. unpublished work. 
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Figure 1-Plot against acetate concentration of the initial rate of 
formation of acetic acid carboxyl protons divided by acetic anhydride 
Concentration for the reaction of 0.516 M acetic anhydride in dl- 
acetic acid in the presence of varying amounts of acetate ions at  
99.8 f 0.2'. 


until the reaction was complete. Reagent grade anhydrous sodium 
acetate, dried in a hot air oven for 24 hr., and reagent grade ben- 
zene were also used. 


Kinetics-Reaction solutions were prepared by adding an ap- 
propriately weighed amount of each ingredient of the reaction mix- 
ture to a 10-ml. volumetric flask and making up to volume with dl- 
acetic acid. The solutions were transferred to 2-ml. hard-glass 
ampuls, flushed with nitrogen, sealed, and placed in a mineral oil 
bath at 99.8 f 0.2". Ampuls were removed at appropriate times, 
the reaction was quenched by cooling in ice water, and their con- 
tents were analyzed by NMRS. 


The reactions involving the rearrangement of CHCOOD to 
CDHICOOH were followed by integrating the increase of acetic 
acid carboxyl proton signal relative to a reference material of known 
concentration. The reference signal in all reactions was benzene, 
in a concentration of 200 mg./lO ml. The reactions involving the 
deuteration of succinic anhydride were followed by comparing the 
loss of a-proton signal of succinic anhydride relative to the internal 
reference signal. The results and subsequent rate constants will be 
expressed as succinic anhydride giving d,-succinic anhydride, even 
though the overall reaction scheme would be succinic anhydride 
giving dl-succinic anhydride which, in turn, gives d2-succinic an- 
hydride, ew. 
Synthesis of d&ucdnic Anhydride-Eight grams (O.Oso0 mole) of 


succinic anhydride and 350 mg. (0.0043 mole) of sodium acetate 
were refluxed in 40 ml. of dl-acetic acid. After 2 hr. the solution 
was flash evaporated, replaced with another 40 ml. of fresh dl-acetic 
acid, and again refluxed. This procedure was repeated for a total 
of six times. After the last reflux and on cooling, 3 g. of d,-succinic 
anhydride, m.p. 118-120". crystallized out of solution. NMR sug- 
gested the product to be better than 9 7 z  deuterated. The filtrate 
was evaporated down to 10 ml., and 5 ml. of acetic anhydride was 
added. The suspension was heated to effect solution and allowed 
to cool, yielding another 3 g. of product, m.p. 119-120O. The solu- 
tion was further concentrated to give 1 g. of product, m.p. 110-1 16'. 
The deuterated product, on recrystallization from anhydrous 
chloroform, gave m.p. 119-121 '. The percentage of deuteration 
was assessed by dissolving 104 mg. of d.-succinic anhydride in a 
2 z  sodium carbonate-deuterium oxide solution by warming. The 
procedure was repeated for 100 mg. of succinic anhydride in the 
same volume of solution. The NMR spectra of the two solutions 
were then compared, and the proton peak from HDO was used 
as the internal standard to estimate the percentage of deuteration. 
The results showed the d,-succinic anhydride to be better than 97z 
deu terated . 


RESULTS AND DISCUSSION 


In an initial attempt to synthesize d,-succinic anhydride oia 
Scheme IV, the amount of acetic acid carboxyl proton formed did 
not correspond stoichiometrically with the amount of protons lost 


8 Varian AM. 


Table I-Comparison of kl and kt for Succinic Anhydride 
versus Those for Acetic Anhydride 


Anhydride kl, hr.-1 ki, M-' b.-l 
~~ 


Acetic anhydride 3.35 x 10-2 1.15 
Acetic anhydride 2.23 x 10-1 7.70 x 10-1 
Succinic anhydride 9.75 x lo-' 2.37  


a Correctd. for the fact that there are six exchangeable protons in 
acetic anhydnde relative to four in succinic anhydride. 


from the isolated, partially deuterated succinic anhydride. It was 
postulated that the excess protons had come from acetic anhydride 
by incorporation of deuterium into the methyl groups of acetic 
anhydride and, subsequently, acetic acid; i.e., acetic anhydride 
present in the solution was competing with the succinic anhydride 
for the deuterium. The acetic anhydride resulted from: (a) the reac- 
tion of succinic anhydride with acetic acid to form succinic acid 
and acetic anhydride (34). (b) excess acetic anhydride from the 
production of dl-acetic acid, or (c) the fact that, under reflux con- 
ditions, acetic anhydride (and the corresponding amount of water) 
is formed in low concentration from acetic acid (35-37). 


To check if this side reaction could be controlled, a kinetic in- 
vestigation was conducted to observe the incorporation of deu- 
terium into the methyl groups of acetic anhydride and, subse- 
quently, acetic acid from d1-acetic acid. The rate of production of 
carboxyl proton, dP/dt, at  99.8" was followed as a function of 
sodium acetate concentration, [Ac], and acetic anhydride con- 
centration, [AcA]. The curves obtained from the reaction, complete 
to equilibrium, followed neither strict first- nor second-order 
kinetics. The results, therefore, are presented in terms of initial 
rates. The results suggest that the rate of production of carboxyl 
protons follows Eq. 1 : 


($)@ = kl[AcA] + kdAcAlAc] (Eq. 1) 


where (dP/dt)o is the initial rate of production of carboxyl protons 
in molar concentration per hour, ki is the solventcatalyzed rate 
constant, and kr is the acetate-catalyzed rate constant. 


The rate constants kl and kz are pseudo-first-order constants in that 
they assume the dl-acetic acid concentration to remain relatively 
constant in the initial time period. Equation 1 predicts that a plot 
of (dP/dtb/[AcA] oersus [Ac] would give a straight line of slope kt 
and intercept kl (Fig. 1). This gave values for kr of 1.15 A 4 - I  hr.-l 
and kl of 3.35 X 10-1 hr.-1. Eq. 1 also predicts that a plot of (dP/dtb 
ucrsus [AcA] for a given acetate concentration would give a straight 
line of slope equal to kl + kz [Ac] and intercept of zero (Fig. 2). The 
least-squares slope of this line is 7.88 X lo-' hr.-I. The slope of the 
line calculated using the data obtained from Fig. 1 and the corre- 
sponding acetate concentration would have predicted a slope of 
7.60 x 10-* hr.-l. It does appear, therefore, that under the condi- 
tions of the experiment and the limited accuracy of the NMR 


1 2 3 4 
lOI[AcAl, M 


Figure 2-Plot against acetic anhydride concentration of the initial 
rate of formation of acetic acid carboxyl protons for the reaction of 
acetic anhydride in dl-acetic acid at 99.8 f 0.2' in the presence of 
3.69 X 10-1 M acetate ions. 
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Figure 3-Plot against time of logarithms of residiral concentration of 
succinic anhydride during its deuteration at 99.8 f 0.2' in dl-acetic 
acid containing 3.64 X I&* M sodium acetate as a catalyst. Initial 
succinic unliydride concentrations were 3.16 X 10-a M (A), 1.60 X 
1@-2 M (0). and 1.12 X 10-a M (0). 


technique, Eq. 1 does adequately describe the production of the 
carboxyl protons. 


The formation of d,-succinic anhydride was followed by observing 
directly the loss of succinic anhydride protons. Because of the con- 
ditions used, i.e., an excess of dl-acetic acid, the loss of succinic 
anhydride protons followed pseudo-first-order kinetics. The pseudo- 
first-order rate constants for the disappearance of the a-protons 
of succinic anhydride were independent of succinic anhydride con- 
centration, [SA] (Fig. 3). The dependency on acetate concentration 
is seen in Figs. 4 and 5. The results appeared to follow the same 
kinetics as for acetic anhydride and were described by Eq. 2 :  


-_ dp' = kl[SA] + k@AXAc] 
dr 


where -dP'/dt is the rate of loss of succinic anhydride protons in 
molar concentration per hour. 


From Figs. 4 and 5, k? was found to equal 2.31 M-' hr. -1  and kl to 
equal 9.75 X 10-2 hr.-l.The rate ofcarboxyl proton formation again 
could not be totally accounted for on the basis of what had been 
formed from the succinic anhydride. However, in light of the results 
presented earlier in this discussion, the small amount of extra 
protons could be accounted for in terms of the analogous reaction 
of acetate and solvent reacting with the small amounts of acetic 
anhydride present in solution. 


As described by Eqs. 1 and 2, the deuterium incorporation in 
acetic anhydride (and, subsequently, acetic acid) and succinic an- 
hydride is both base and solvent catalyzed. The incorporation of 
deuterium uiu enolization into other carbonyl compounds such as 
ketones and aldehydes is both acid and base catalyzed, suggesting 
that a possible rate-determining transition step in the present study 
involves the enolization of succinic anhydride to Compound I and 
a similar structure for acetic anhydride. The rate dependency on 
acetate ions leads to the possibility of acetate catalyzing an enoliza- 
tion uia a transition state of the type shown in Scheme V, while the 
solvent catalyzes the reaction oia an acidcatalyzed enolization. 
These results do not preclude a concerted acid- and basecatalyzed 
pathway. On regeneration of the nonenol form of succinic an- 
hydride, the molecule picks up a deuterium instead of a proton. 
This process continues until equilibrium is established. 


CH-C-OH 


C H 2 - C e 0  I =. 
I 


2 4 6 8 10 12 14 
HOURS 


Figure &Plot against time of logarithms of residual/initial con- 
centration of succinic anhydride during its deuteratiori at 99.8 * 
0.2" in dl-acetic acid cotituining 1.28 X IO-' M (A), 3.64 X I&* M 
(O), and 7.31 X 10-* M (0) sodium acetate. 


No attempts were made at this stage to determine the deuterium- 
hydrogen isotope effects for any steps in these reactions or the 
catalytic effects of other acids or bases. Work along these lines will 
be continued. Because anhydrides are known to undergo the 
Perkin condensation reaction under basic conditions by the reac- 
tion of the anhydride-a-anion at carbonyl centers, it seemed ad- 
visable to check whether products like 2-acetylsuccinic anhydride 
might form. Succinic anhydride was refluxed for 18 hr. in acetic 
acid, with sodium acetate present in approximately the same con- 
centration as in the kinetic study. No new peaks or anomalies were 
seen by NMR, which would have suggested the presence of 
2-acetylsuccinic anhydride or similar products. 


Table I shows the values of kl  and kt for succinic anhydride 
relative to those of acetic anhydride. These results show that SUC- 
chic anhydride is more susceptible to exchange (and enolization) 
than acetic anhydride, a fact probably attributable to its ability 
to undergo delocalization of its electrons more favorably because 
of its planar nature. The values compared in Table I also are not a 
true indication of the differences between succinic anhydride and 
acetic anhydride exchange rates and actually minimize the dif- 
ference. When the increase in carboxyl proton signal was being 
measured for the reaction involving the proton release from acetic 
anhydride, the reaction being measured was dl-acetic acid reacting 
with acetic anhydride to give acetic acid and dl-acetic anhydride. 


1 


1 2 3 4 5 6 7 8  
10' [Ac], M 


Figure I-Plot against acetate concentration of the pseudo$rst-order 
rate constant for the deuteration of succinic anhydride to dr-succinic 
anhydride at  99.8 f: 0.2' in d,-acetic acid. 
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However, dl-acetic anhydride reacts with dl-acetic acid or acetic 
acid to give dl’-acetic acid (CDHnCOOH) or dt-acetic acid (CDHY 
COOD) and acetic anhydride. Equilibrium is established when the 
concentration of RCOOH approaches that of RCOOD. At equili- 
brium the acetic anhydride is present mainly as dl-acetic anhydride, 
which still has five exchangeable protons. Under the same reaction 
conditions, succinic anhydride would have been converted to dl- 
succinic anhydride and, subsequently, d2succinic anhydride, da- 
succinic anhydride, and d,-succinic anhydride. If the reaction is not 
stopped at this stage and acetic acid and dl’-acetic acid are allowed 
to build up, d,-succinic anhydride is slowly converted back to da- 
succinic anhydride, etc. 


The results of the kinetic study show that succinic anhydride 
can be successfully deuterated in h-acetic acid as long as attempts 
are made to ensure that the smallest possible amount of acetic 
anhydride is present. A synthetic scale reaction was successfully 
attempted and has been described. By carefully preparing &acetic 
acid from deuterium oxide and acetic anhydride with deuterium 
oxide in very slight excess and reacting this with succinic anhydride 
in the presence of sodium acetate, the synthesis resulted in a product 
that was better than 97% deuterated and a yield of 86%. The reac- 
tion uses simple chemicals and makes use of the partial acidic 
nature of the a-protons of succinic anhydride and the probable 
tendency of the molecule to enolize. 
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Figure 2-Rate of surface pressure increase af a stearyl aldehyde 
firm at pH 8.0 in the presence of I X 10-= M genlamicin (0) and I X 
IO-’ M gentamicin wiih 0.05 sodium bisulfte (a). 


observed when gentamicin was studied in the absence 
of bisulfite ion. 


In the case of a similar experiment conducted with 
0.05% sodium bisulfite in the subphase, the previously 
observed lag period was increased to 14 min. The data 
clearly show that bisulfite significantly diminishes the 
interaction of gentamicin with stearyl aldehyde. This 
may be explained by the fact that bisulfite reacts with 
aldehydes to form a-hydroxysulfonic acid derivatives 
(1 2) which do not form Schiff bases. 


The implications of the monolayer studies were ex- 
tended by studying the effect of the bisulfite ion on the 
antibacterial activity of gentamicin. A disk-plate method 
( I  3), utilizing Escherichia coli as the test organism, was 
employed. Gentamicin-containing filter paper disks were 
placed on seeded nutrient agar plates containing various 
concentrations of sodium bisulfite. Following incuba- 
tion at 37” for 18 hr., the plates were examined and the 
diameters of the observable zones of inhibition were 
measured (Table I). 


The data indicate that bisulfite ion at 0.05 % inhibits 
the antibacterial activity of gentamicin against E. coli. 
If the mechanisms of interaction of gentamicin at the 
monolayer and the bacterial membrane are the same, 
then it appears that bisulfite inhibits gentamicin activity 
by blocking membrane aldehyde sites which may be 
necessary for the transport of gentamicin into the bac- 
terial cell. 
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Self- Association of Theophylline in 
Aqueous Solution 


Keyphrases IJ Theophylline, association in aqueous solution- 
determination. ultracentrifugation, molecular weights IJ Associa- 
tion, theophylline-aqueous solution 0 Ultracentrifugation- 
determination, theophylline self-association, molecular weights 


Sir: 
In 1957, Guttman and Higuchi (1) concluded that 


theophylline did not self-associate in water at con- 
centrations from 2.3 X lo-* to 28 X M; parti- 
tioned with chloroform-isooctane (9 : 1) where the 
theophylline concentration was 1 X lo-‘ to 12 X lo-’ 
M. 


In 1971, Ng (2) presented IR evidence for the self- 
association of theophylline by hydrogen bonding in 
nonaqueous (deuterochloroform) solutions. Thakkar 
et al. (3) showed, from NMR spectra of aqueous solu- 
tions ( 5  X to 42 X 1 0 - 3  M), that theophylline 
self-associates by hydrophobic interactions in water. 
The present communication presents data, obtained 
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Figure 1-Plot of apparent mdecular weight (MIPP) against con- 
centnation of theophylline (rnol. wt. 180). Hatched horizontal lines 
tndicate the calculated mdecular weight of the inonomer, dinier, 
trimer, and tetramer. 


with the aid of an analytical ultracentrifuge, that con- 
firm the. formation in aqueous solution of species of 
theophylline with molecular weights higher than the 
formula molecular weight of 180. 


Theophylline' was authenticated by its IR spectrum 
using a mull and a spectrophotometer*. The molecular 
weight was determined in an analytical ultracentrifuge3 
by the Archibald approach-to-sedimentation equi- 
librium method, using the schlieren optical system and 
solutions with concentrations from 1 mg. (5.5 X 
M) to 8 mg. (4.4 X 10-2 M) solute/ml. solvent. The 
solvent was water or 0.075 M NaCl or 0.2 M NaC1- 
0.02 M sodium phosphate buffer, pH 6.95. Attempts 
also were made to determine the molecular weight of 
1 mg. (5.5 X M) and 0.1 mg. (0.55 X lP3 M)/ 
ml. theophylline solutions using the UV scanner at- 
tachment to the ultracentrifuge. 


Apparent molecular weights ( MaPp) were determined 
using Eq. 1 : 


where R is the gas constant, 0 is the partial specific 
volume, T is the absolute temperature, p is the density 
of the solvent, w is the angular speed of rotation, dc/dr 
is the concentration gradient at either the meniscus ot 
cell bottom, C is the total solute concentration at either 
the meniscus or cell bottom, and r is the distance from 
the center of rotation at either the meniscus or cell 
bottom. 


The concentration gradients at the meniscus &nd cell 
bottom were measured from schlieren patterns recorded 
on metallographic plates' and enlarged 10-fold on a 
magnifier6. Total concentration was measured by use 
of a capillary centerpiece in an interference cell. The 
integral of the concentration gradient was evaluated 
by the procedure of Engelberg (5 ) .  The partial specific 
volume, a, of theophylline was calculated to be 0.72 
cm. a/g. from density data, using methodology described 
by Schachman (6). 


1 Calbiochem. * Perkin-Elmer model 237. 
8 S O ~ C O  model E. 


Figure 1 summarizes the apparent molecular weights 
(M.pp) obtained at various theophylline concentrations. 
The data indicate the existence of monomers, dimers, 
trimers, and tetramers, a property similar to some other 
xanthines (1). The average deviation of 11 between 
the experimentally determined multimer molecular 
weight and the nearest integral multimer molecular 
weight can be explained best by the presence of at least 
two self-associating species at most concentrations. 
Indeed, at a concentration of 3 mg./ml. (1.65 x 10-2 
M), the Mspp at the meniscus was 400 daltons and the 
MhPp at the bottom of the ultracentrifuge cell was SO0 
daltons, indicating some separation by the ultracentti- 
fuge of dimer from trimer. Another possible source of 
error, especially at the lower concentrations where small 
gradients had to be measured, could have been caused 
by difficulty in measuring the concentration gradients. 
This latter possibility is less likely than the first explana- 
tion since two different ultracentrifugal techniques 
yielded M.pp between monomer and dimer at the lower 
concentrations. 


The conclusion by Thakkar et ul. (3) of self-associa- 
tion of theophylline at concentrations between 5 X 
lo-* and 44 X M was verified by our direct evi- 
dence, although their NMR techniques apparently 
could not differentiate dimers from the higher molecu- 
lar weight species existing under their experimental 
conditionse. Our data also demonstrate the well-known 
dissociation of a self-associating system with decreasing 
solute concentration (11, 12), since monomer pre- 
dominated at a concentration of 0.55 X M, dimer 
predominated at a concentration of 1.1 X 10-* M, 
and higher molecular weights were found at higher 
concentrations. 
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Pharmacokinetics of the 8-Adrenergic Blocker 
Sotalol in Dogs 


KURT SCHNELLE and EDWARD R. GARRETT’ 


Abetrect 0 The time course of absorption, distribution, and excre 
tion of the @-blocker sotalol was studied in three unanesthetized 
dogs at three dosage levels of 1,2, and 4 mg./kg. i.v. and 2,4, and 8 
mg./kg. p.0. The drug was assayed in body fluids and excreta by a 
spectrophotofluorometric method and by counting of tritiated drug. 
Unchanged sotalol is excreted up to  90% (*12%) in the urine. 
There was no protein binding, and the partition coefficient between 
plasma and red blood cells was unity. The data obtained in the 
studies were fitted graphically and by analog computer techniques 
and demonstrated no dose dependence. The graphical fit of the 
plasma levels following intravenous administration in accordance 
9 t h  a two-compartment open body model revealed a rapid dis- 
tribution phase with a of 3.2 f 1.1 h., which was followed 
by a disposition phase with a fa/, of 4.8 f 1.03 hr. The analog 


computer fittings of the plasma and urine data according to the 
two-compartment model gave constants similar to those obtained 
from the graphical fits. The addition of a third tissue compartment 
that was in slow equilibrium with the central compartment proved 
necessary for a better fit of the data obtained at the high dosage 
level and in the JH-sotalol assays. The 7590% absorption of sotalol 
in solution following oral administration was rapid ( t i / ,  - 11-17 
min.). 


Key phrases 0 Sotalol pharmacokinetics-absorption, distribution. 
and excretion after intravenous and oral administration to dogs, 
protein binding and plasma/red blood cell partition studies 0 
Pharrnacokinetics, sotalol-absorption, distribution, and excretion 
following intravenous and oral administration, dogs 0 Absorption, 
sotalol-following intravenous and oral administration, dogs 


Sotalol hydrochloride ’, 4‘{ 1 -hydroxy-2-(isopropyl- 
amino)ethyl]methanesulfonanilide monohydrochloride, 
is a specific and potent 8-adrenergic blocking drug. 
Several studies in both animals and man have demon- 
strated that the compound reverses isoproterenol- and 
epinephrine-induced tachycardia (1-3) and reverses 
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the increase in blood levels of free fatty acids, lactic 
acid, and glucose that follows isoproterenol and epi- 
nephrine infusion (4, 5) .  Since the drug possesses less 
“quinidine-like” activity, it has been suggested that 
sotalol therapy may be preferred over other 8-blockers 
with pronounced negative inotropic side effects (6). 


It has been indicated that the plasma levels of tritium- 
labeled drug are related to the drug’s pharmacological 







Table I-Rate Constantso (in min.-l) and Apparent Half-Lives (rv,) after Intravenous and Oral Administration of Sotalol in Dogs 


Dog Num- Weight, Dose, 
ber kg. mg./kg. U 10'8 lolko 10%P.T 10~kp.u 10%.T@ ti/:, hr. 


18.1 


16.8 


17.2 


20.4 


18.6 


20.2 


18 .1  
20.0 
19.1 


21.8 


21.8 


18.6 


18.6 


19.1 


18.6 


18.6 


2 (i.v.) 


1 (i.v.) 


4 (i.v.) 


8 (P.o.) 


4 (P.0.) 


2 (P.0.) 


1 (i.v.) 
2 (i.v.) 
4 (i.v.) 


2. (Lv.) 


2' (i.v.) 


11 (i.v.) 


1J (i.v.) 


4 (i.v.) 


2 (i.v.) 


1 (i.v.) 


0.273 


0.1% 


0.416 


0.266 
0.174 
0.125 


0.245 


0.213 


0.301 


0.259 


0.235 


0.145 


0.203 


2.50 


2.40 


2.60 


1.80 


2.10 


1.70 


3.20 
1.93 
2.03 


2.32 


1.91 


1.72 


2.86 


2.86 


2.90 


3.29 


22.1 
(14.9) 
14.3 
(9.0) 
35.1 


(23.8) 


(23.7) 


(23;7) 


(23.7) 
2 0  


9.45 
(12.1) 
20.0 


(16.5) 
17.4 


(16.5) 
25.6 


(17.9) 
20.4 


(17.9) 
17.2 


(20.2) 
10.2 


(15.5) 
15.3 


(15.5) 


- 
- 
- 


1d:o 


3.26 
(2.26) 
1.26 


(1.08) 
2.76 


(2.72) 


(2.71) 


(2.71) 


(2.71) 
2.45 
1.65 
1.33 


(1.50) 
2.16 


(2.07) 
1.65 


(2.07) 
3.04 


(2.45) 
3.88 


(2.45) 
1.27 


(1.78) 
3.28 


(2.13) 
2.03 


(2.19) 


- 
- 
- 


2.08 - 
(2.46) 
3.70 - 


- (2.85) 
3.91 


(2.79) (6.98) 


(2.47) (6.99) 


(2.52) (6.99) 


(2.27) 
3.47 
2.05 
1 .!MI 


(1.61) (7.32) 
2.62 


(2.50) (7.59) 
2.46 


(2.50) (7.54) 
1.71 - 


(2.11) (5.69) 
1.91 - 


(2.11) (5.69) 


- - 
- - 
- - 


- 
- 
- 
- 
- 


5.29 - 
(4.82) (8.27) 
1.28 


(2.71) 
3.83 


(2.52) 


- 
- 


4.62 
(3.57) 
4.81 


(3.79) 
4.44 


(5.29) 
6.58 


(5.97) 
5.48 


(5.84) 
6.8 


3.57 
5.99 
5.69 


(7.41) 
4.99 


(5.48) 
6.05 


(5.48) 
6.72 


(6.00) 
4.04 


(6.00) 
4.04 


(3.53) 
3.52 


(3.71) 


(4 * 96) 


'J':2 


4 The values for a cited experiment were obtained from graphical anal sis of the data; the arenthetical values were obtained from analog computer 
fittin of the data. * Values.obtained from the aphically determined Jape, f l  = k, of ln(p7-a levels) against time. The parenthetical values were 
calcufated rn accordance with f u r  = In 2/k, w&e (12): 


kp,u ki = 1 + % T + J ( P . T '  


k T , p  kT'# 


and kp.T' and kT'.p values were included when significant and needed fpr a good fit of the data with the analog computer. The studies were conducted 
in the tabular sequence at 0, 1.8,.9.5. 11. and 12.5 months from the initial experiment. The studies were conducted in the tabular sequence at 0, 3.5, 
6.13. and 14 months from the initial experiment. The sotalol concentrations in blood and urine were analyzed by spectrophotofluorometric and radm 
active assays simfltaneoudy in the same experiment, The u er listing is based on the radioactive assay. All other studies were conducted by spectro- 
photofluorometric assays. The sotalol concentrations m &rood and urine wqe analyzed by. the spectrophotofluorometric and fadloactive. assays Si- 
multaneously in the same experiment. The upper listing is based on the radioachve assay. In this cxperunent. bile -plea were obtcuned on a bha 
nulated dog. All other studies weFe conducted by spectrophotofluorometric assays. 0 The studies were conducted in the tabular sequence at 0 . 1 ~ ; ~ -  
2.5 months from the initial expenment. 


activity in dogs (2). No significant metabolism occurred 
in dogs where 90% of the unmetabolized drug was 
excreted in the urine (2). Therefore, knowledge of the 
pharmacokinetic profile of sotalol should allow the 
design of an optimum dosage regimen from the plasma 
levels. The availability of a reasonably sensitive cold 
assay for the drug (7) is convenient far such studies. 
This paper describes the pharmacokinetics in the dog at 
multiple dosage levels of sotalol administered intra- 
venously and orally. 


EXPERIMENTAL 


Trealmeat of Anlmals-The dogs were conditioned to the meta- 
bolic cages and trained for laboratory routine prior to experimenta- 
tion. They were fasted for 24 hr. before each experiment. On the day 
of the experiment. the animals were placed on a table in a standing 
position and restrained by two straps which were tied around the 
fore and hind legs and then fixed to a horizontal bar above the dog. 
A jugular vein was punctured with a 14-gauge needle, and a vinyl 
tubing [O.llcm. (0.044-in.) i.d., 0.16-cm. (0.065-in.) o.d.1 was In- 
serted through the needle. After free blood flow throogh the tubing 
was established, the needle was removed and 0.9% saline solution 
was dripped continuously at a rate of 1 m l . / ~ .  This infusion was 
maintained throughout 24 hr. to compensate for blood loss and 
to establish an adequate urine flow. 


The urinary bladder was catheterized routinely through the urethra 
by inserting a ureteral catheter*, French size 6 or 8. This catheter was 
kept in place for 24 hr. for continuous urine collection. 


In one dog, Dog 2, the m o n  bile duct was cannulated 1 week 
prior to an experiment. A laparotomy was performed under pen- 
tobarbital anesthesia (30 me&.). After the cystic duct was tied, two 
3.8-cm. (1.5-in.) pieces of polyethylene tubing' were iqserted into 
the proximal and distal portions of the common bile duct. The two 
pieces were then c p ~ e c t e d  by a flexible silicone rubber tubing 
[0.15cm. (0.059-in.)i.d., 0.35tm. (0.138-in.)o.d.]of 1.3-m. lengthto 
shunt bile. After the abdomen was closed, the loop was pulled under 
the skin by a wire to an incision on the back of the neck. There the 
tubing was cut and reconnected through a 14-gauge metal adapter 
which could be separated at wi)l. Free passaee through the tubing 
was assured by daily flushing of the dktfd part leading to the 
duodenum. 


pbarmacownetic Studies-Three male mongrel dogs, approxi- 
mately 2 years of age and in apparent good health, were used in the 
balanced study. vernatocrit, white blood cell count, and erythrocyte 
sedimentation rate were within normal ranges (8). No dirofilarial 
larvae in the blood were observed microscopically. Body weights 
and the sequence of the experiments are listed in Table I. 


Intrapenous StudieeSotalol' was administered intravenously to 
each of three dogs at  three dosage levels: 1,2, and 4 mg./kg. The 


* Bard Inc, Murray Hill, N. J. 
'Intramedlc PE 240. 
4 Mead Johnson & Co.. Evansville. Ind. 
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time intervals between experiments in one animal were at least 4 
weeks. The drug was injected as its hydrochloride salt in sterile 
solution containing 10 rng./ml. of the drug through a threeway 
stopcock into the jugular tubing. The duration of the injection was 
kept constant at 10 sec. The catheter was flushed with isotonic 
saline solution after the injection. A distinct reaction due to  the 
rapid administration was only observed after the rl-mg./kg. dose as 
tachycardia, dyspnea, and increased salivation. Blood samples were 
withdrawn from the jugular vein at I ,  2, 4, 6, 8, 10, 12, 15, 20, 25, 
and 30 min. after completion of the injection; then in 15-min. 
intervals up to 120 min.; in 30-min. intervals up to 4 hr.; hourly up 
to 12 hr.; and every 2 hr. up to 24 hr. Urine was collected every 30 
min. up to 4 hr., hourly up to 12 hr., and every 2 hr. up to 24 hr. 
The dogs were then transferred to a metabolic cage, and blood and 
urine were collected at 6-hr. intervals up to 48 hr. and every 12 hr. 
up to 72 hr. Completeness of urine collection was assured by cath- 
eterization. The blood volume withdrawn for each sample was 7 ml. 
from 0 to 12 hr. and 16 ml. thereafter. 


Intraveno~~~ Studies with 'Hsotplol-The tritiated sotalol' was 
prepared as described elsewhere (2). The sterile solution contained 
0.5 mg./ml. of the drug with a specific activity of 70 pc./ml. Sterile 
solutions of cold drug (10 mg./ml.) and labeled material were mixed 
in a sterile beaker to obtain a drug concentration that was adequate 


Figure 1-Semilogarithmlc plot of 
plasma lewls fdlowing intmwnous ad- 
ministmtion of 4 mg./kg. sotald to 
19.1-kg. Dog 3. The antilogarithmic 
values of the linear terminal portion 
with slope fl were subtracted from the 
initial data points, and these feathered 
points were fitted to a straight line of 
slope a. [Apu]: is the intercept of the 
extrapdated line with slope a, i.e.. the 
initial drug concentmtion in the central 
compartment, and [ApU]I at zero time 
is the drug concentmtion in the equil- 
ibmted t i s k s  fmm the extrapolation 
of the linear terminal portion of the 
curve with slope fl = k. in accordance 
with a two-compartment open body 
model (Scheme I). The inset is for an 
expanded time scale. Key: 0, original 
data points; and A, feathered dues. 


25 30 35 


to yield dosages of 1 and 2 mg./kg. of total drug administered to  
Dog 2. The total activity administered was 1046 pc. at the 2-mg.Ikg. 
dose and 1123 pc. at the I-mg./kg. dose. The schedule for blood 
and urine sampling was the same as described previously for up to 
72 hr. Additional samples were collected every 24 hr. up to 144 hr. 
Over the same period of time, the feces were collected every 24 hr. in 
both experiments. Bile samples wete obtained in one experiment on 
Dog2(1mg./kg.)at2.5,5,8,10,15,20,23,and30hr.after injection. 


Oral Studies-The same sotalol solution (10 mg./ml.) used in the 
intravenous study was administered through stomach tubing in 
doses of 8,4, and 2 mg./kg. to Dog 1. Blood samples were withdrawn 
at 2.5. 5, 7.5, 10, and 15 min. after drug administration and at the 
schedule given previously in the intravenous studies up to 4 hr., 
every 2 hr. up to 24 hr., and then again as described for the intra- 
venous study, Urine was collected every 30 min. up to 4 hr. and 
thereafter at the same schedule given for blood samples. 
Treatment of hples-Blood was withdrawn with a disposable 


syringe and transferred to centrifuge tubes containing 30 USP units 
of sodium heparin6 in a volume of'O.1 ml. distilled water to prevent 
clotting. Blood and urine samples were centrifuged at Moo r.p.m. 


The UpjQhn Co.. Kalarnazoo. Mich. 
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Tabie XI-Values for First-Older Elimination Rate Constants, k, (in min.-l) as Obtained from Urinary Excretion Data; 
Estimates of Apparent Volumes of Distribution in Liters Detexmined by Different Methods for Intravenous and Oral Studies 


Re- 
COVerV V" ,a@ - -r - ~~ 


10% In 10%. In in V ,  from 
(AU/At) (V,  - v) Renal Urine, = (VP. V D /  E m p  


+VT from olated 
Dog 


Num- Dose, versus wrsus Clearance, of 
ber mg./kg. Time Time ml./min. Dose VP,~ V P , , ~  V p u c  VTI VT" +VT#) Clearance 8-Phase 


1 2i.v. 1.70 2.60 50.0 116 2.63 1.04 1.91 12.6 - 14.5 20.0 26.8 
- 2.53 1.01 1.85 15.4 - 17.2 - 29.9 1 i.v.h - 


4i.v. 2.04 1.83 45.6 87 2.58 1.03 1.89 16.5 4.3 22.7 17.5 33.8 
- - 


8 p.0. 2.31 2.47 56.7 78 - 1.22 1.67 14.6 5.0 Zi.3 32.2 39.7 
4p.o. 2.28 2.43 80.0 102 - 1.12 1.97 17.3 5.9 25.2 38.1 34.4 
2p.o. 1.72 1.63 51.3 88 1.21 1.79 15.6 - 17.4 32.0 40.7 - 


2 1 i.v.i 2.31 2.98 37.5 108 2.36 1.04 1.77 15.2 - 17.0 11.7 26.1 
2 i.v.i 2.42 2.22 67.5 98 3.99 1.20 3.34 28.3 - 31.6 34.9 42.7 ~ ~~ 


4i.v. 1.86 1.36 62.0 76 4.48 1.15 3.86 31 .1  4 .8  39.8 30.5 4614 
2i.v. 1.54 1.62 75.0 94 3.29 1.31 2.58 20.6 7.4 30.6 32.4 46.4 
2 i.v. 1.59 1.56 54.4 72 4.41 1.31 3.70 29.5 10.5 43.2 28.5 47.9 
1i.v. 1.79 2.00 66.7 91 2.90 1.12 2.30 16.8 6.1 25.2 38.8 40 .3  


'i1i.v. 2.25 1.99 70.0 79 3.20 1.12 2.60 19.0 6 . 9  28.5 24.5 39.4 
3 4i.v. 2.72 2.87 103.0 97 1.79 1.15 1.03 11.7 2.5 15.2 36.0 39.6 


2i.v. 2.58 2.64 93.3 82 4.71 1.12 3:97 28.9 - 32.9 32.2 37.0 
1 I.V. 1.92 2.25 145.0 87 4.62 1.12 3.88 27.5 - 31.4 44.1 37.6 


Vp. calculated from the quotient. Ao/[Ap]o, of the dose administered intravenously, Ao, and the initial concentration of total drug in the lasma 
[ A ~ ] D ,  obtained from the intercept of the [Ap] plot of the @st computer fits against time with zero time. Vp,,, = ( I  - H ) V B ~ ~ ~ .  where Atme =' 
dog weight.in kg. X lW1ml./k . (17). where the hematocrit, H ,  is taken as  0.40, 0.35, and 0.40 for Dogs 1. 2. and 3,. respectively. Calculated in ac- 
cordance with Vp' = Vp, - f f V ~ , , ~ D / ( l  - H) (Eq. 6). The volume of the central compartment. Vp", in the oral studies was calculated in accordance 
with Eq. 14 after solving for Vpu = (yAo/I.C.) - VRM. When there is no protein binding, as in this case, Vpu. the volume of the central compartment 
referenced to the concentration of total drug in the plasma, is the same as V p  the volume of the central compartment referenced to the concentration 
of total d y  in the plasma. Calculated in accordance with VT = VpY(kp.T/kT.p) (Eq. 16); the rate constants were taken as the valuesobtained from 
the best ana og com uter fits. 8 Calculated in accordance with VT' = Vpqkp.T'/kT',p) (Eq. 17). 1 Calculated in accordance with the clearance equation 
(12). where the renJdearance of sotalol in milliliters per minute was divided by k. in min.-l to yield YDP- in milliliters. The fraction F of drqg renay 
excreted becomes 1 when, as in this case, virtually all drug is excreted through the kidneys. G- blculated in accordance with Yop* = V D ~ , -  - H D  Vp,,,/ 
( I  - If) (Eq. 9), where the V D ~ , Y  was obtained in accordance with V D ~ ~  = dose/[Apnh (Eq. 7), where [Ap'h is the intercept of the extrapolated slope 
of k. to zero time. No urine data were obtained in this experiment. a The values for Yp,, Vpn, and VT were obtained from values derived from the 
?phial fitting in accordance with the two-compartment body model (Scheme I). 8 The sotalol concentrations in blood and urine were analyzed 


y the spectrophotofluorometric and radioactive assays simultaneously in the same experiment. The upper listing is based on the radioactive assay. 


for 10 min., and the supernatant plasma and urine were then re- 
frigerated. The samples obtained in the radioactive study were split; 
one portion was deep frozen and sent away for the counting and 
chromatographic studies6, and one portion was kept for the chemical 
assay. 


Assay of SPmples--The analyses were based on a modified 
spectrophotofluorometric method which was reported previously (7). 
The sensitivity was increased from 0.1 to 0.02 mcg./ml. of the drug 
by extracting from a larger volume (5  ml.) of deproteinized plasma, 
The lower limit of detection in the urine was 2.5 mcg./rhl. Spiked 
plasma and urine samples wece carried through the analytical 
procedures and assayed at the same time as the samples bf unknown 
concentration. Radioactivity measurementse were conducted with a 
liquid scintillation spectror~eter~ corrected for background and 
quenching. Duplicate samples of 0.5 ml. plasma were mixed with 1 
ml. of a solubilizefl and 10 ml. of a counting solution consisting of 
5 g. 2,4-diphenyloxazolee and 0.5 g. pbis-(o-methylstyrylbemne)#/ 
1. of toluene. Duplicate samples of 0.2 or 0.1 ml. of urine and 0.1 
ml. of bile were added to 0.6 ml. of water and 15 ml. of solution of 
5 g. 2,4diphenyloxazole, 0.3 g. pbis-(o-methylstyrylbemne), and 
120 g. naphthalenell. of dioxane. F e d  samples were homogenized 
with nine volumes of water, and aliquots (1W200 mg.) of the 
homogenates were mixed with 0.6 ml. water and 15 ml. of the same 
counting solution used for urine. 


The presence of possible metabolites of aH-sotalol was evaluated 
by paper chromatography of urine, plasma, and bile samples using 
the following systems: (a) strips of 2.54-cm. (1-in.) Whatman No. 1 
paper and a solvent mixture of n-butanol-acetic acid-water (30: 
7.5:12.5), and (b) Whatman DE20 paper strips and 0.02 N phos- 
phate buffer of pH 7.4 as the developing solvent. In each case, 50 MI. 
of sample was used. The strips were dried, cut into 1.27cm. (0.5-in.) 
segments. and placed in counting vials with 0.6 ml. of water and 15 
ml. of the dioxane eounting solution already described. 


6 Performed by Mead Johnson & Co., Evansville, Ind. 
7 Model 3375, Packard Instrument Co.. Palo Alto, Calif. 
8 Bio-Solv BBS-3, Beckman Instruments Inc.. Palo Alto. Calif. 
9 Eastman Kodak Co., Rochester, NY 14650 


Protein Wdhg Study-Binding of sotalol to plasma proteins 
was studied by an dtraftltration method (9). The cone membranes 
used in these experiments1° are retentive for plasma protein and 
permit only passage of ions and compounds of low molecular 
weight. Thus, only free diffusable drug was found in the filtrate. 
Possible binding to the membranes is cancelled out when equally 
spiked buffer-drug and plasma-drug solutions are carried through 
the entire procedure. 


The binding to plasma protein can be estimated by: 


where f is the fraction bound to plasma protein, RE is the f l u e  
reSCence reading of buffer filtrates, and Rp is the reading of plasma 
filtrates that were spiked with equal concentrations of drug. 


Heparinized dog plasma and isotonic phosphate buffer solutions 
of pH 7.45 were spiked with sotalol hydrochloride to achieve drug 
concentrations of0.3,0.6, 1.0, 5.0, 10.0,25.0,W.O, 100.0, and 1OOO.O 
mcg./ml. Aliquots (6.00 ml.) of these solutions and of plasma and 
buffer blanks were transferred to cone membranes which were 
placed in plastic supports on top of 4O-ml. centrifuge tubes. The 
solutions were then centrifuged at 1700 r.p.m. The time needed to 
obtain approximately half-filtration was 2 min. for the buffer 
solutions and 25 min. fpr the plasma solutions. The filtrates were 
carried through the analytical procedure and assayed spectrophoto- 
fluorometrically. 


Red Blood Cdl Partition-The partition of sotalol into the red 
blood cells was studied as functions of drug concentration and time. 
Freshly drawn heparinized whole blood and plasma were trans- 
ferred into 125-ml. conical flasks which were placed in a slowly 
shaking water bath at 37.5'. The whole blood was then spiked with 
sotalol to  achieve concentrations of 0.5. 1.0. 10.0, and 100.0 mcg./ 
ml. of the drug. Plasma spiked with 1.0 mcg./ml. and whole blood 
without drug were processed by the experimental procedure and 


ID Cenpiflo CF50 membrane filter cone with CSTL support, Amicon 
Co.. Lexington, Mass. 
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the obtained results served as reference standard and blank, re- 
spectively. Samples of the blank blood and of the whole blood 
containing 1.0 mcg./ml. of the drug were withdrawn at 1, 3, 7, 10, 
30, 60, and 120 min. after spiking. Samples of the plasma solution 
of 1 .O mcg./ml. were taken at 1,30, and 120 min. Samples were with- 
drawn at 30 min. from all whole blood solutions of the various drug 
concentrations. Small specimens for the hematocrit determination 
were taken immediately after sampling, and the blood was centri- 
fuged for 5 min. at 3OOO r.p.m. The plasma was stored at 4" until 
the assay was performed. The fluorescence readings of all samples 
were compared to a calibration curve in plasma spiked with 0.1, 
0.3.0.6, and 1.0 mcg./ml. sotalol and to the readings of the plasma 
standard of 1.0 mcg./ml. that was carried through the procedure. 
The red blood cell/pltisma unbound drug partition coefficient could 
beestimated by(l0,ll): 


D = [&Cl/[APu] = {[AB~/[API(I -n(l - H) - 
U/(1 -nl - 1l(1 - H ) / H  0%. 2) 


where [ARBC], [AB],  and [Ap] are the drug concentrations in the red 
blood cells, whole blood, and plasma, respectively:, [AP-] is the drug 
concentration in plasma unbound to proteins; HIS the hematocrit; 
and f is the fraction of drug in plasma bound to plasma proteins. 
If, as in this specific case, there is no significant protein binding, 
f = 0 and then [APY] = [ A p ] ,  which is the total concentration of drug 


7 8 9 10 


piem &Semilogarithmic plots 
of the plasma levels in terms of per- 
cent of dose per milliliter plasma 
against time fdlowing intrawnous 
a&ni&tration of 4 (A), 2 (el, and 1 
(0) mg.lkg. of sotalol to 19-kg. 
Dog I .  The data points obtained 
at the three dose levels could be 
graphically fitted with one common 
curve in accordance with a t w e  
compartment open body model 
(Scheme I). The individual values 
for a and 0 are given in Table I .  
The inset is for on expanhd time 
scale. 


in the plasma, and E.q. 2 reduces to: 


D = I[ABI/[AP"](~ - H )  - ll(1 - H)/H 


CALCULATIONS AND TREATMENT OF DATA 


(Eq. 3) 


Plawna-The raw data were plotted in terms of micrograms per 
milliliter of plasma oersus time on semilogarithmic paper. In the 
great majority of cases, the concentrations of unbound drug in the 
plasma, [Ap-1. on intravenous administration exhibited a biexponen- 
tial decay of the plasma levels as a function of time (Fig. I), which 
can be described as: 


[AP"] = [AP-Ile- + [Apqle-BI (Eq. 4) 


The value for 0 was obtained from the slope of the linear terminal 
portion of the logarithm of the plasma level-time curve where 
excretion was the rate-determining process. The value for the slope 
of the rapid distribution phase, a, was estimated by subtracting the 
corresponding antilogarithmic values of the line of slope 6 extrap 
olated to zero time from the antilogarithms of the initial points 
of the log plasma concentration-time curve (12). Hence, a two- 
compartment open body model (Scheme I) was assumed, where P. 
is amount of drug in the central compartment that is associated with 
plasma and referenced to the concentration of unbound drug in the 
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Figtue 3-Semilogarithmic plots 
of plarma levels in peEent of dose 
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for #3 = kr and the absorption rate 
constants k. estimated by graph- 
ical and analog computer methodr 
aregicen in Tablel. 
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plasma ( I  I ,  13). T is the amount of drug in a peripheral tissue that 
equilibrates readily with P., and U is the amount eliminated from 
the body. 


The apparent first-order rates kp..T, kT.p., and kp..li were cdcu- 
lated from the a- and 8-values obtained (14). Estimates of the half- 
lives (t1l2) of the distribution and disposition-excretion phases were 
obtained by dividing a and 8 into In 2. 


The extrapolation of the a - p h e  to zero time represented the 
initial concentration, [ApmIllOl of drug in the central compartment that 
was in the plasma and unbound, where instantaneous mixing of the 
drug with the plasma and its associated fluids occurred (12). Thus, 
the apparent volume of distribution of the central compartment, 
Vp, referenced to the concentration of unbound drug in the 
plasma would be estimated (1 1) from: 


where AO is the total amount of drug administered; and (AEBC)O and 
are the initial amounts of drug in the red blood cells and in 


plasma bound to plasma proteins, respectively. The Vp. is the pseudo- 
apparent volume of distribution of the central compartment refer- 
enced to total drug concentration in plasma, Ao/[AP]o, where [AP]o 
is the total concentration of drug in the plasma at zero time; D, H, 
and fare  the red blood cell/plasma partition coefficient, the hema- 
tocrit, and the fraction of drug in the plasma bound to plasma pro- 


u 


teins, respectively. The Vp,, is the true plasma volume of the animal 
(11). 


If there is no protein binding, f = 0 and (Apb)O = 0, which is so 
in this specific case; then Vpm = Vp, which is the apparent volume of 
distribution referenced to total drug concentration in the plasma. 
Similarly, VP," = Vp,. Thus, Eq. 5 reduces (1 1) to: 


VP" = VP," - HVp,,,.D/(1 - H)  (Eq.6) 


The sum of the pseudoapparent volumes of distribution of the 
central compartment and of the readily perfused tissue, VO,.~, 
referenced to  the concentration of unbound drug in the plasma can 
be estimated (11) from: 


VD," = Vpam + VT~," = dO&4pYh = 


Ad([APUIO - [ A P W  (Eq. 7) 


where the divisor of the last two terms is the concentration of un- 
bound drug in the equilibrated fluids after the rapid equilibration of 
the a - p h w  on the assumption of insignificant drug excretion during 
the time interval of this equilibration. 


It has been shown ( I  1) that the sum of the apparent volumes of 
distribution of the central compartment and of the readily perfused 
tissues, V D ~ ~ ,  referenced to the total unbound drug concentration in 
the plasma is actually: 


scheme I and can be calculated from the equivalent pseudovolume of dis- 
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Figure 4-Semilogarithmic plots of plasma concentrations in micro- 
gramsper milliliter (A), of the rate of urinary excretion per 2 hr., AU/ 
At, in milligrams (O), and of the differences between the amount of 
drug recowred in the urine, U,, and the amounts excreted at time t, U, 
in milligrams (0). Data were obtained fdlowing the intravenous ad- 
ministration of 4 mg./kg. sotalol to 19.1-kg. Dog 3. 


tribution (Eq. 7) estimated from the linearly extrapolated inter- 
cept, [Apub, of the 8-phase if negligible excretion is assumed in the 
u-phase. 


Iff = 0, as in this case, the last term of JZq. 8 vanishes and: 


VD, = VD,. = VD,~ - HDVp,J(I - H) (Eq. 9) 


These estimates of [A& and thus V D , . ~  were obtained from plots 
such as the typical one given in Fig. 1. The rate constants and the 
other parameters obtained by graphical procedures are summarized 
in Tables I and 11. 


The plasma levels were plotted as percent of dose administered 
per milliliter of plasma against time for the several doses in the same 
dog. If those peaks were superimposable, the possibility of dose- 
dependent pharmacokinetics could be rejected. Such a typical set of 
plots is given for the intravenous studies in Fig. 2 and for the oral 
studies in Fig. 3. The 8-values. V D , ~ ' ,  and t i / ,  in the oral studies were 
obtained from the linear terminal portion of the semilogarithmic 
plasma concentration-time plots. A preliminary estimate of the 


0 0.4 0.8 1.2 1.6 
PLASMA CONCENTRATION, rncg./rnl. 


Figure 5-Linear plot of the rate of urinary excretion per 2 hr., 
AU/At, against the plasma concentrations at midpoint of the periodr 
of urine collection. The resulting points were fitted to a straight line ' 
through the origin whose slope is the renal clearance in accordance 
with AU/At = kp.UApU = k.FVopUIApu] (Eq. 11). where k, is the 
overall elimination constant, F is the drug concentration in the plasma 
cleared by the kidneys, VD,' is the apparent volume of distribution. 
and [Ap] is the drug concentration at the midpoint of urine collection. 
Data were obtained fdlowing the intravenous administration of 4 mg.1 
kg. sotald to 19.1-kg. Dog3. 


absorption rate constant, k., was obtained from feathering the 
plasma level-time data (15) in accordance with: 


(Eq. 10) 


where [ApUlO' is an initial estimate of the concentration of the drug in 
the rapidly equilibrated tissues. It is realized that the validity of this 
method of k, and [ApUIO' estimation is based on the premise of 
negligibleexcretion during the absorption phase. Since the lineextrap 
olated from the semilogarithmic plot of the terminal data that 
represented the disposition phase with the slope of 8 was con- 
siderably lower than the actual plasma level data at its maximum 
values in all three oral experiments (Fig. 3), this feathering pro- 
cedure could not yield the real k.. This phenomenon is a consequence 
of relatively rapid absorption where equilibration of drug among 
the available tissues is not readily effected during the absorption 
phase. 


Urine-The concentrations determined in the urine were mul- 
tiplied by the volumes of urine excreted, and these amounts were 
plotted cumulatively against time to obtain the total recovery of 
drug, U,. Estimates of the overall elimination rate constant, k. (i.e., 
B), were also obtained (12) from semilogarithmic plots of the 
amounts not yet excreted in the urine, ln (U, - U), versus time and 
the rate of excretion, In AU/At, uersus time (Fig. 4 and Table 11). 
The renal clearance of sotalol was determined by a plot of the rate 
of excretion, AU/At, against the plasma concentrations taken at the 
midtime of the interval of the urine collections, where A U  is the 
amount of drug excreted in the urine in the time interval, At (Fig. 5 
and Table 11). The slope of this plot, in accordance (12) with: 


In [ApUJ = - k.t + In [ApU]o' 


AUIAt = kp.uAp" = ~,FVD,Y[AP~] (Eq. 11) 


is the renal clearance, where k, is the disposition constant 8, F is the 
fraction of the drug in the body that is cleared by the kidneys, Ynpu 
is the apparent volume of distribution of the equilibrated tissue 
referenced to the concentration of unbound drug in the plasma, and 
[Ap] is the concentration of drug in the plasma at the midtime of the 
interval of urine collection. Since the k. values are known from 
other treatments of the data (Figs. 1-4) and F is the ratio of drug 
renally excreted to the dose administered, this slope also permits 
the determination of the apparent volume of distribution of the 
readily equilibrated tissues, I'D,", referenced to the plasma con- 
centration of unbound drug (Table 11). 
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Figure &Analog computerfitting of plasma (a) and urine (0) dam in accordance with a two-compartment body model (Scheme I) following 
the intravenous administration of 2 mg./kg. to 18.1-kg. Dog. I. T is the generated curve for the tissue compartment. 


Analog Computer Fitting: --The program used in 
the analog computerll fitting of the pharmacokinetic data for a 
three-compartment body model was given previously ( I  6). The initial 
conditions that represented the administered dose were fed into the 
central compartment P (plasma) for the data of the intravenous 
studies and into the GI compartment (gastrointestinal tract) for the 
data of the oral studies. The time scaling was set with a “ramp funo 
tion” in such a manner that 0.5 in. on the graph paper equaled 1 hr. 
of the total 30 hr. of data and consumed 4 sec. of machine time. 
The recorder speed for the 3- and dhr. fits was increased by a 
factor of 10 and 5, respectively, through different settings of the x- 
axis range switch on the x-y recorder1*. The range of the y-axis was 
increased 10-fold when the later portion of the plasma curves was 
fitted. 


Intravenolls Administration-The initial drug concentration in 
the central compartment was obtained from the best analog com- 
puter fit of the linear plot of the plasma concentrations against 
time in accordance with the two-compartment body model (Scheme 
I) and was considered as 100% of the dose in the plasma and as- 
sociated fluids. Instantaneous mixing of the drug in the blood was 
assumed. The other data were represented as fractions of this 100%. 
The cumulative urinary excretion was plotted in terms of percent of 
dose administered. The urinary data were plotted over 30 hr.; the 
plasma data were plotted on a 30-hr. and expanded d and 3-hr. time 
scales and over 30 hr. on a 10 times enlarged ordinate covering &lo% 
of dose administered. In this manner, an excellent fitting of the early 
as well as the later phases of the plasma level-time curves was 
possible. 


As a first approach, the twocompartment body model (Scheme 


“Model TR 48, Electronics Associates, Inc., West Long Branch, 


* *  Model 1 ZDZ. Hewlett-Packard/Moseleley Division, Pasadena, Calif. 
N. J. 


I) was assumed and the rate constants obtained from the graphical 
fit were used as first estimates for the potentiometer settings. A good 
fit was obtained with this model for the lower dosages of 1 and 2 
mg./kg., and the curves for the latter are shown in Fig. 6. At the 
high dosage level of 4 mg./kg. and in the radioactive studies where 
the assay sensitivity was greater, positive deviations of the urinary 
excretion and terminal plasma data from the best fit with time were 
observed, A typical fit of such data by the twocompartment body 
model is given in Fig. 7. 


The plateau observed in the terminal plasma data could be as- 
signed to the return of the drug from a deeper compartment. There- 
fore, to obtain a better fit in these instances, a tissue compartment T’ 
with comparatively slow equilibration rate constants, kp.T’ and 
&TI.P,  was added, and the same data were fitted according to the re- 
sultant three-compartment body model (Fig. 8). The threecompart- 
ment body model fitted the data following administration of lower 
doses equally well (Fig. 9). The rate constants obtained from the 
best fits of plasma and urine data following intravenous administra- 
tion are summarized in Table I. 
Oral Admlnish.ation-The plasma levels after oral administration 


were plotted in micrograms per milliliter as a function of time. The 
initial conditions (1.C.) given to  the analog computer were placed 
in the GI compartment. They were estimated on the presumption 
that they were equal to the initial concentrations, [ApYIOI that would 
appear in the plasma and be unbound to plasma proteins if the frac- 
tion -yAo of the dose were absorbed instantaneously. Such initial con- 
ditions, I.C., can be calculated from: 


since [ARBC]O = D[AP”]O from Eq. 2, and [Apb]O = u/(l -nl [AP”]o 
(1 1). When there is no protein binding and D = I ,  as in this case, 
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Figwe I-Analog computerfitting ofplasma (a) and urine (0) dpta fdlowing the intmwnous administration of 4 mg./kg. sotalol to 17.2-kg. Dog I 
in accordance with a two-compartment body model. The computer curve for urine does not f i t  the data points in the later time period, indicating 
a “dribbling out” of drug fmm a deeper compartment. The inset is for an expanded odinate scale. 
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Figure %Analog computerfitting of the same plasma (a) and urine (0) data as in Fig. 7 in acco&ce with a three-compartment body model. 
The addition ofthe tissue compartment, T‘, represented by the dashed line, that is in slow equilibrium with the central compartment, P, allows 
goodfitting of the terminal portion of the cumulatiw urinary excretion and the 10-fold enhanced terminal plasma curve (inset). 
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Figme 9-Analog computer fitting of the same plasma (0) and urine (0) data as in Fig. 6 in accordrurce with a threesompartment body 
model (shown in figure). The h h e d  line represents the generated curve for T’. 


Eq. 12 simplifies to: 


(Eq. 13) 


Explicit solution of this equation results in: 


[ApY]o = [ A P ] ~  = I.C. = [mcg./ml.] (Eq. 14) 
v P u  + VRBC 


The fraction absorbed, 7 A o ,  may be obtained from the ratio of 
the areas under the plasma curves of oral to intravenous administra- 
tion of the same dose in the same dog (15). It may also be estimated 
from the ratio of the cumulative amounts excreted in the urine on 
oral administration to the amounts on intravenous administration of 
equal doses in the same dog. The volumes of distributidh of the 
central compartment, Vp*, referenced to unbound drug concentra- 
tion in plasma were initially postulated to be the same as the corre- 
sponding intravenous values (Table 11) for the first estimates of the 
initial conditions, I.C. The volume of the red b l d  cells was cal- 
culated for a blood volume, Vawu., of 100 ml./kg. (17) and a hema- 
tocrit of 40% in this dog as 0.4 X VB,,~*. 


These I.C. values and the rate constants derived from the best 
fit of the data obtained from intravenous administration of 4 me/  
kg. to the same dog (Table I) were used in the first fittings of the 
three sets of oral data. The potentiometers representing k p , P  and 
k p . p  were turned to zero, and the data were first simulated accord- 
ing to a two-compartment model (Scheme I) by adjusting only the 
rate constant for absorption, k,. 


A goad fit was obtained with this model for the data of the 2-mg./ 
kg dose (Fig. 10). The tissue, T’, and the pertinent rate constants, 
& p , p  and kT’.p, were included for the 4- and 8-mg./kg. dose, and 
the fit of the oral dose of 8 mg./kg. is given in Fig. 11 as an example 


in accordance with the threecompartment body model. A lag time 
for absorption (15-45 mih.) had to be assumed to fit the first portion 
of the data, and a slight decrease in the kp,u setting was needed to 
give tlie best fits of the plasma concentrations following oral ad- 
ministration (Table I). Curves for the amounts of drug in terms of 
the arbitrary microgram per milliliter concentrations for urine and 
the tissues were generated by the computer from the best fits of the 
plasma data in accordance with the two-compartment and three- 
compartment body models. 
Since these curves were generated from drug concentrations that 


were distributed in the volume of the central compartment, VpU, they 
were all in terms of this Vp*. i.e., T/Vpu. T’/VpY. and U/Vp*, where 
T ,  T‘, and U are the amounts in the tissues and urine, respectively. 
The capacity of the VpY ia milliliters, i.e., V&), can be estimated 
when the experimentally observed amounts excreted in the urine, [I 
in micrograms, are divided by the generated urine curves, U/V;(..t) 
in micrograms per milliliter, a t  the times of urine collection and is 
related to the true VP* by: 


(Eq. 15) 7AO v;w, = VP” - U, 


If all of the drug absorbed were excreted in the urine as unchanged 
material, V p  = Vp(esr). In this case, there was no apparent differ- 
ence in the percent of the dose recovered in the urine between intra- 
venous and oral studies (Table 11). Thus, a plot of U in micrograms 
divided by V P ( ~ , O  in milliliters gave the cumulative excretion con- 
sistent with the actual data. These plots were only slightly dT the 
computer-generdted curves for urine. Small adjustments of the I.C. 
and of kp.v were sufficient. 


The adjusted initial conditions, I.C.. i.e., [ A P ~ ] o ,  were then inserted 
into Eq. 14, which was solved for the best estimates of VP* based on 
the combined fittings of plasma and urine data (Table 11). 
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Figure 10-Analog computerfitting ofplasma (0) and urine (0) data following oral odministration of 2 mg./kg. sotalol to 20.2-kg. Dog I in ac- 
cordance with the two-compartment model and addition of a GI compartment. The plasma data in micmgmms per milliliter were first fitted with 
rate constants identical to those of the 4-mg./kg. i.0. dose to the same dog. The I.C.'s were calculated according to Eq. 14 and only the k. was 
varied. Curves for U/V"p(,t) andT/Vb(ur) weregenemted by the computer. VUP(..t) was obtained by diaiding U,,; in micrograms by U/V;(,t) 
in micmgms  per milliliter. The finalfit was mode accomYng to the plot of U..p/Vb(ut) to yield the real VP in accordance with Eq. 14: 


Vp" = rAa - - VRBC 
1.c. 


A lag time for gastric emptying of 45 min. had to be assumed to fit the early portion of the plasma curue. 


Estimates of Absorption-The plasma concentrations following 
the intravenous administration of 1, 2, and 4 mg./kg. and oral 
administration of 2, 4, and 8 mg./kg. were plotted ad functions of 
time, and the area under the curves was determined by a line fol- 
lower18 connected to rhe x-y recorder of the computer. The photo- 
cell followed the plasma concentration-time curves, and the voltages 
were accumulated by an integrator. Estimates of the percent of drug 
absorbed were obtained from the ratio of the area under the plasma 
level-time curve for oral absorption to that for intravenous ad- 
ministration for the same dosages (1 5). For the 8-mg.lkg. oral dose. 
the average area under the cutves for the three intravenous studies 
corrected for the different dose was taken as 100%. 


RESULTS AND DISCUSSION 


Metpbolisln of SoCslol-The chromatography of plasma and 
urine samples containing aH-sotalol revealed spots that were 
identical to those of the parent compound. Hence, it could be con- 
cluded that there was no significant metabolism of the drug. A 
scattering of spots assignable to radioactive material was observed 
in the bile. Since this route of excretion contributed less than 1 % of 
the administered dose, it was of negligible significance. 


Protein Binding Study-No binding of sotalol to plasma proteins 
was found in the 0.3-1000.0-mcg./ml. range of drug concentrations. 
i.e., f = 0. The total drug concentrations in plasma assayed spectro- 
photofluorometrically and radiochemically were identical with the 
free diffusable drug.Thus, the rate wnstants and volumes of distribu- 
tion were directly referenced to unbound drug concentrations in the 
plasma. 


Red Blood CeU/plaema Partitioning-The partition coefficient, 
D (Eq. 3). between plasma and red blood cells was found to be 
unity (1.16 f 0.21). Equilibrium was achieved within 1 min. and 
did not change over a period of 2 hr. No drug concentration de- 
pendency of the 1 : I distribution between red blood cells and plasma 


I *  Autograf Type W B ,  Hewlett-Packard/Moseley Division. Pasa- 
dena, Calif. 
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could be detected in the range of 0.5-100.0 mcg. sotalol/ml. of 
blood. 


Fit of Data fran Intrawnous Studies-The plasma data following 
intravenous administration were fitted graphically for all experi- 
ments in accordance with a two-compartment body model (Scheme 
1). The rapid initial drop of the drug concentration could be char- 
acterized by the a-slope of the first phase of the semilogarithmic plot 
of the data with time, which was equivalent to a t i / ,  of 3.2 f 1.1 min. 
with extreme values of 1.6 and 5.5 min. and was followed by a com- 
paratively slow disposition phase with the slope 0 or k. of the termi- 
nal semilogarithmic plot that gave a 111, of 4.8 f 1.03 hr. with ex- 
treme values of 3.52 and 6.8 hr. (Table I and Figs. 1 and 2). 


The k,  values obtained from the slopes of semilogarithmic plots of 
the rate of excretion, AU/At, and the amounts of drug not yet ex- 
creted in the urine, U, - U, against time were in good agreement 
with the estimates from the plasma data (Fig. 4 and Tables I and 11). 
The microscopic rate constants derived from the graphical pro- 
cedures and from the best analog computer fits were generally in 
good agreement (Table I). Whereas the plasma data could be fitted 
to a twocompartment body model by both methods in almost all 
cases (Figs., 1, 2, 6. and lo), it proved necessary to add a slowly 
equilibrating tissue compartment to fit the later portion of the urine 
curves at the high dosage level (Figs. 7 and 8) and in the case of the 
aH-sotalol data (Table I). The slow return from this "deep" com- 
partment (12) may be held responsible for the prolonged enhance- 
ment of urinary excretion. A maximum of 5-120/, of the dose was 
estimated to be in this compartment on acute administration. 


The values for the individual rate constants were consistent 
within an animal for different doses as well as among the three ani- 
mals. Dose-independent kinetics could also be demonstrated by the 
superimposable curves, where the plasma data were plotted in 
terms of percent of dose administered per milliliter plasma as 
a function of time (Fig. 2). 


Rate Collstants and Apparent Volumes of Distribution-The drug 
distributed instantaneously after bolus injection into the space 
associated with the central compartment, i.e., Vp. The values in 
liters (Table 11) corresponded generally to the volume of the extra- 
cellular space [190-350 ml./kg. (1711. 
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Figm 11-Analog computer fitting ofplasma and urine data fdlowing oral administmtion of 8 mg./kg. sotald to Dog 1. Here, a lag time of 15 
min. was wumed to f i t  the initidplasma data. For symbols, see Fig. 10. 


The drug diffuses rapidly from the central compartment into the 
readily equilibrating tissues, T. Since kp.T is 7-10 times greater than 
kT.p, the capacity of this compartment is high. The apparent volume 
ofTcanbeestimatedby(11,12): 


referenced to the concentration of unbound drug in the plasma. 
Similarly, for the apparent volume of the deep compartment. T': 


The apparent volumes, VT,  are reasonably consistent with a total 
body water of 600-800 ml./kg. (17). The fact that the VT value ex- 
ceeded this quantity in some cases indicated that the drug may be 
trapped or bound to  the tissue, T, to some extent. It might be s p  
ulated that since sotalol is a nvitterion with a narrow pH range al- 
lowable for partitioning into fats (7), minute pH differences inside 
the cells would inhibit back-diffusion to the central compartment. 
The same phenomenon could rationalize the deeper compartment, 
T'. 


Ap-t Vdpaes of Mstrlbution and Renal ClesrPace--The 
renal clearance of sotalol (Table 11) was well within the range of a 
normal inulin clearance of 40-130 ml. for a 20-kg. dog (17). Also, 
an inulin clearance study in Dog 1 gave a value of 36 ml./min.. as 
estimated from the plasma decay curve. Thus, sotalol can be as- 
sumed to be renally excreted essentially by glomerular filtration. 


Clearance values of this magnitude & a t  the estimates of the 
apparent volumes of distribution that are based on the assumption 
of pseudosteady state (1 1) or, as it has also been called, the pseudo- 


distribution equilibrium (18). These estimated volumes can differ 
from those calculated for steady-state equilibrium in accordance 
with Eqs. 16 and 17 (13). 


If excretion is significant during the rapid distribution phase, the 
initial decay in the plasma level of drug will be due to both distribu- 
tion and excretion. Thus, the extrapolation of the @-phase from the 
semilogarithmic plots (Figs. 1-4) to zero time will estimate a value 
for the concentration of drug in the pseudoequilibrated tissues of 
distribution, [Apuh, which leads to values of VD~." (w. 7) and V D ~  
(Eq. 9)  that are greater than the total apparent volumes of distribu- 
tion of the central compartment and the rapidly equilibrating tissues 
T, which are derived from steady-state considerations (Eqs. 8. 16. 
and 17). 


The VD~. calcultited from the quotient of the renal clearance in 
milliliters per minute and k. in min.-' (from plasma data, Table I) 
for the conditions when significant excretion occurs during the P- 
phase will also be higher than the sum of the steady-state volumes 
of distribution in Eq. 8 (1 3). 


Estimates of the apparent volumes of distributiQn based upon 
these three methods are given in Table 11, and it can be Seen that the 
Voru estimates based on the pseudosteady-state assumption and 
the renal clearance/k. quotient tended to yield larger values than the 
sum of Vpu and steady-state volumes of the equilibrated tissues 
(Eq. la), even when VT (Eq. 17) was included. 


Comparison of chemical and Radioacdve Assays-The semi- 
logarithmic plots of the radioactive data in plasma showed a three- 
exponential decay and a slow terminal phase with a t i / ,  of approxi- 
mately 12 days. This is consistent with the fact that deuterium oxide 
is cleared from plasma water with a t i / ,  of 9.3 f 1.5 days (19). The 
terminal phase was, therefore, assigned to the clearance of tritiated 
water, which is a probable result of the exchange between the hydro- 
gens of water and the tritium of labeled sotalol. 
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F k ~ e  12-Semilogarithmic plots of plasma lewls in percent of dose per milliliter plasma following intmoenous administration of I (a) and 2 
(A) mg./kg. of 'Ii-sotalol, assayed by counting procedure, and4 mg./kg. (0) of sotald, assayed by spectrophorojluorometric analysis, to 20kg. 
Dog 2. The radimtioe dota were corrected for the longer retention of tritiated water by prior hathering. 


The two assay methods were comparable after the terminal por- 
tion of the labeled plasma level-time curves was "feathered" (Fig. 
12). The spectrophotofluorometric and radioactive data in plasma 
and urine could be fitted with identical rate constants in accordance 
with the threecompartment body model. The estimates for the 
apparent volumes of distribution of the central compartment, VP', 
were slightly lower for the radioactive data since the initial concen- 
trations of unbound drug in plasma, [AP']o, upon which these 
estimates are based (Eqs. 5 and 6) were slightly higher for the radio- 
active studies. 


Unchanged aH-sotalol, in the amounts of 91 and 93.6X of the 
dose, was found in the urine by radioactive assay as compared to 
90.3 f 12% (72-116Z) from the spectrophotofluorometric data 
of the other experiments. The extreme overestimates of 108 and 
116x recovery (Table 11) were obtained in earlier experiments 
where the assay methodology was not as well established. 


The fecal excretion of *H-sotalol was 0.21 and 3.37% of the total 
dose in the two radioactive experiments.The former value was due 
to a constipated dog which permitted few fecal samples. The bile 
had 0.73 % of the radioactive dose given to the biliary-cannulated 
dog. 


Oral Studies-The graphical estimates of the absorption rate 
constants by feathering of the curves were not accurate since 
equilibration of drug among the available tissues was not readily 
effected during the absorption phase (Fig. 3). The t ~ / , ' s  of absorption 
obtained from the best analog computer fits were (lag time for ab- 
sorption in parentheses) 10.9 min. (15 min.) for 8 mg./kg.. 16.7 min. 
(30 min.) for 4 mg./kg., and 10.7 min. (45 min.) for 2 mg./kg. 


Such a lag time may be indicative of an intestinal absorption. The 
differences may be explained by variable gastric motilities in the 
fasted and achlorhydric dog. 


Best fitting was achieved by applying the three-compartment 
body model, including a GI compartment, for the doses of 4 and 8 
mg./kg. (Fig. 11). The data following administration of 2 mg./kg. 
could be fitted with both two- and three-compartment body models. 
The twocompartment fit is shown in Fig. 10. 


Estimates of the percent of total dose absorbed were made from 
the total amounts excreted ih the urine. They were 87z following a 
dose of 2 mg./kg., 101.7% for 4 mg./kg., and 78.2Z for 8 mg./kg. 
The estimates from the ratio of the corresponding areas under the 
plasma level-time curves following intravenous and oral ad- 
ministration were 84.1, 83.0, and 90.5% absorption for the oral 
dosages of 2, 4, and 8 mg./kg., respectively. Hence, it Can be con- 
cluded that sotalol is rapidly and rather completely absorbed from 
the GI tract (probably from the intestine) following oral administra- 
tion of the drug in solution. 
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GLC Determination and Urinary Recovery of 
Bumetanide in Healthy Volunteers 


P. W. FEIT’, K. ROHOLT, and H. SPRENSEN 


AbsbPet 0 A GLC determination of bumetanide (3-n-butylamino- 
4-phenoxy-S-sulfamylben~ic acid), a potent “high ceiling” di- 
uretic, was developed using flash-heater methylation. A mixture of 
tetramethylammonium hydroxide and trimethylanilinium hydroxide 
was advantageously used as the methylation reagent. The flash- 
heater methylation product proved to  be methyl YN-n-butyl- 
anilino>5dimethylsulfamyl4methoxybenzote by spectroscopic 
comparison with authentic material achieved by a corresponding 
gram scale model experiment. The probable sequence of reactions 
involving methylation under simultaneous Smiles rearrangement is 
outlined. The GLC determination was found to  be accurate a t  
concentrations as low as 0.1 mcg./ml. human urine. In six healthy 
volunteers, the urinary recovery of bumetanide, the urinary ex- 
cretion of sodium, potassium, and chloride ions, and the urine 
volume were determined after oral administration of 0.5 and 1 mg. 
of the drug. A parallelism between bumetanide excretion and sal- 
uretic action over the total period of response is shown. 


Keyphmea 0 Bumetanide-urinary excretion, man, relationship 
to  saluretic action, GLC analysis after flash-heater methylation 0 
Urinary excretion, bumetanide-relationship to  saluretic action, 
man 0 Saluretic activity, bumetanide-relationship to  urinary 
excretion, man u GLC-analysis, bumetanide, after flash-heater 
methyletion 
_ _ _ _ _ _ _ _ _ ~  ~ ~~ 


Bumetanide (3-n-butylamino-4-phenoxy-5-sulfamyl- 
benzoic acid) (I, Scheme I) was recently described as a 
new “high ceiling” diuretic in the experimental animal 
( I ,  2) and in man (3, 4). In  patients suffering from con- 
gestive heart failure, bumetanide has shown a diuretic 
profile and dose response comparable to that of furose- 
mide, but at doses approximately one-fortieth of the 
latter drug (4). The aim of the present investigation was 
to develop a sensitive GLC assay for the determination 
of bumetanide in biological material. Special interests 
were to evaluate the urinary recovery after oral admin- 
istration of the drug to healthy volunteers and to obtain 
information relating the renal drug excretion with the 
diuretic-saluretic activity. 


Since functional groups of bumetanide make the drug 
unsuitable for direct GLC determination, it was neces- 
sary to find a suitable derivative. A relatively simple way 
of making derivatives of anionic compounds is by 
methylation in the injection port of the gas chromato- 
graph, using a solution of tetramethylammonium 
hydroxide or trimethylanilinium hydroxide as the 
methylation reagent. The principle of flash-heater 
methylation was first utilized in preparation of methyl 
esters of carboxylic acid ( 5 )  with the aid of tetramethyl- 
ammonium hydroxide. The advantage of using tri- 
methylanilinium hydroxide was recently shown for 
barbiturates, phenolic alkaloids, and xanthine bases (6). 


EXPERlMENTAL 


CLC Detennlwthm-lnstrwnenfs and Condiiions-The GLC 
analyses were performed using a gas chromatograph1 equipped 
with a flameionization detector and the following experimental 
conditions: column, 2 m. X 3.3-mm. o.d., stainless steel; packing, 
1.5% OV-17 silicone’ on 100-12O-mesh diatomaceous earth’; 
column temperature, 270“; injection port temperature, 370’; 
detector temperature, UW)’; carrier nitrogen flow, 30 ml./min.; and 
recorder chart speed, 0.3 cm. (0.1 in.)/min. 


Reagenfs-For the methylation reagent, two parts of an approxi- 
mately 1 M aqueous solution of trimethylanilinium hydroxide (6) 
were mixed with one part of a 10% methanolic solution of tetra- 
methylammonium hydroxide. The latter was obtained by e v a p  
orating an aqueous tetramethylammonium hydroxide solution‘ in a 
rotating evaporator and redissolving the residue in the appropriate 
amount of methanol. 


The internal reference solution consisted of 25 mcg. of 4-benzyl-3- 
,r-butylamino-~sulfamylbenzoic acid (7)/ml. in ether. 


Procedure-Urine, 5-10 ml.. was adjusted to pH 2 by addition of 1 
N hydrochloric acid. Then 200 pl. of internal reference solution and 
15 ml. of ether were added, and the mixture was shaken in a 
~ ~~ 


1 Perkin Elmer model 990. 
* A lied Science. 
8 J.p?s Chromatography Ltd.. Diatomite CQ. * Merck, Dannstadt. Germany. 
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Effect of Radiation on Activity of Antibiotics 


K. G. GUPTA*, K. K. VYAS*, and N. S. SEKHONt. 


Abstract 0 Thirteen antibiotics belonging to different groups were 
exposed to 5, 10, and 15 megarads of neutron and y-radiations, 
and their activity in comparison to nonirradiated antibiotics for 
Escherichiu cdi and Siuphyl~occus uureus was studied. With 7-ir- 
radiation, oxytetracycline at I5 megarads and penicillin G at 5 and 
10 megarads showed considerable decrease in activity. With peni- 
cillin G, the activity was somewhat restored at the 1 >megarad dose. 
Other antibiotics did not show a significant change in activity by this 
method. Neutron irradiation did not change the activity. 


Keyphreres 0 Antibiotics-effect of neutron and 7-radiation on 
activity 0 Neutron radiation-effect on activity of 13 antibiotics of 
different groups 0 r-ladiation-dect on activity of 13 antibiotics 
of different groups 


UV light is ,known to inactivate urease, papain, and 
trypsin (l) ,  although the degree of inactivation may vary 
depending upon the type of the molecule. Similarly, 
amino acids have been shown to be modified when ex- 
posed to radiation (2). Iodine compounds such as potas- 
sium iodide, potassium iodate, and iodoacetic acid have 
been shown to possess higher toxicity to bacteria when 
irradiated (3). Irradiated antibiotics have also been 
found to have changed activity against sensitive and re- 
sistant strains (4). y-Radiation with cobalt 60 does not 
bring about any chemical or biological changes in oxy- 
tetracycline Bnd chlortetracycline in the dry state or in 
organic solvents, but it inactivates them significantly 
in aqueous solutions (5).  


In the present investigation, various antibiotics were 
exposed to different doses of neutron and y-radiations 
and the activity of such treated antibiotics against Gram- 
negative and Gram-positive bacteria was studied. 


-AL 


Sruphylococcw uureus (NCTC 6571)' and Escherichiu cdli (06)' 
were maintained on nutrient agar at 4". Subculturing was done every 
month. Incubation temperatures for S. uureus and E. coli were 31 f 
1 and 36 f 1 O,  respectively. 


Antibiotics-The following antibiotics were used in this study: 
ampicillin3, bacitracin', chloramphenicols, cloxacillins, erythromy- 
cina, kanamycins. neomycin sulfatea, nisinE, oxytetracyclinea, peni- 
cillin G J, streptomycin sulfate*, spiramycin', and vancomycin7. 


Standard solutions of antibiotics were made in glass double-dis- 
tilled water. 


Irradiatioa of Antibiotics-A known quantity of each &tibiotic 
(in triplicate) was irradiated in the dry stab?. Neutron irradiation 
was done with a neutron flux of 1.28 X 10'1 neutrons cm.'/sec.; 
the duration was 12,24, and 36 min. for 5, 10, and 15 megarads, re- 
spectively. The rate of y-irradiation of the antibiotics was 0.356 
megarad/hr.; the doses given were 5,10, and 15 megarads. 


1 Obtained from P.G.I. Chandigarh. India. * Obtained from WHO international Escherichia Centre. Copenhagen. 
Denmark. 


1 Local market. 
4 Pfizer. * Bristol Laboratories. 
6 Aplin and Barrett, Ltd.. Yeovil, Somerset, England. 
I Lilly Laboratories. 
'At the Bhaba Atomic Research Centre, Bombay, India. 


Antibiotic Testing-S. aureus and E, cdi were grown in nutrient 
broth. A 24-hr.-old culture containing approximately I@ cells/ml. 
was prepared. One milliliter of this suspension was mixed with every 
15 ml. of nutrient agar and plated in 85-90-mm. diameter petri 
dishes so that the thickness of the medium in each plate was between 
3.4 and 3.6 mm. The dishes were then allowed to dry in an incubator 
at 37" for 0.5 hr. 


Disks, 6.25 mm. in diameter, were punched from Whatman No. 1 
filter paper. These disks were sterilized by dry heat at 140" for 1 hr. 


Table I-Effect of ?-Radiation on the Activity of Antibiotics 
~~ 


Activity. (in Terms of 
Radiation Zone Diameter, mm.) 


DO=, -gainst- 
Antibiotic megarads E. cdi S. aureus 


Ampicillin 


Bacitracin 


Chloramphenicol 


Cloxacillin 


Erythromycin 


Kanamycin 


Neomycin 


Nisin 


Oxytetracycline 


Penicillin G 


Streptomycin 


Spiramycin 


Vancomycin 


A 


5 
10 
15 


5 
10 
I5 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
I5 


5 
10 
I5 


5 
10 
15 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


19 
18 
18 
18 
Nil 
Nil 
Nil 
Nil 
18 
19 
19 
19 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
16 
16 
15 
16 
14 
13 
14 
14 
Nil 
Nil 
Nil 
Nil 
23 
23 
23 
Nil 
12 
Nil 
Nil 
9 


21 
21 
21 
21 
Nil 
Nil 
Nil 
Nil 
Ni I 
Nil 
Nil 
Nil 


32 
30 
30 
30 
14 
14 
14 
14 
20 
21 
21 
21 
29 
28 
28 
29 
13 
13 
12 
12 
23 
23 
23 
23 
17 
16 
16 
16 
9 
9 
8 
8 


27 
26 
26 
16 
40 
29 
30 
35 
15 
15 
14 
15 
14 
13 
13  
13 
22 
21 
21 
20 


~ ~~ ~ 


0 Strength of the disk used = 5 mcg. * Nonradiated. 
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Tuble II-Effect of Neutron Radiation on the Activity of Antibiotics 


Activity. (in Terms of 
Radiation Zone Diameter, mm.) 


DO=, --against- 
Antibiotic megarads E. coli S .  aureus 


Ampicillin 


Bacitracin 


Chloramphenicol 


Cloxacillin 


Erythromycin 


Kanamycin 


Neomycin 


Nisin 


oxytetracycline 


Penicillin G 
Streptomycin 


Spiramycin 


Vancom ycin 


4 
5 


10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
15 


5 
10 
I5 


5 
10 
15 


5 
10 
15 


- 


- 


- 


- 


- 


- 


- 


- 


- 
5 


10 
15 


5 
10 
15 


5 
10 
15 


- 


- 


20 
19 
19 
19 
Nil 
Nil 
Nil 
Nil 
19 
21 
22 
22 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
17 
16 
16 
16 
13 
13 
13 
12 
Nil 
Nil 
Nil 
Nil 
21 
21 
21 
21 


Not done 
20 
19 
19 
19 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 
Nil 


30 
30 
29 
30 
12 
12 
12 
12 
20 
21 
22 
21 
30 
30 
29 
30 
15 
15 
14 
14 
24 
24 
23 
23 
16 
I5 
15 
15 
10 
9 
9 
9 


25 
25 
25 
25 


13 
13 
13 
13 
12 
11 
11 
9 


23 
22 
22 
22 


0 Strength of the disk used = 9 mcg. * Nonradiated. 


in batches of 100 in screw-capped bottles. For preparing disks con- 
taining 5 mcg. of antibiotic each, 1 ml. of the solution containing 500 
mcg. of the antibiotic was added to each bottle of 100 disks. Because 
all of this solution was absorbed, it could be assumed that each disk 
contained approximately 5 mcg. of the antibiotic. 


Finally, four disks of each antibiotic (one nonradiated and three 
radiated at 5, 10, and 15 megarads) were placed on the medium, suit- 
ably spaced apart, in one petri dish and incubated overnight at 37”. 
For each disk the diameters of the circular areas of inhibition were 
measured. 


The above method was adopted from Cruickshank (6). This 
method is semiquantitative, but it was used because the authors have 
observed only gross changes in the antibiotic activity. Moreover, by 
testing radiated and nonradiatbd samples of each antibiotic on the 
same petri dish, the difference in zone inhibition diameter due to the 
differences in inoculum size or thickness of the medium, etc., is 
overruled. 
Results shown (Table I) &re the mean values of three replications. 


RESULTS AND DISCUSSION 


The effect of various antibiotics subjected to different radiation 
doses upon E. coli and S. aweus was studied. Results (Table I) indi- 
cate that the activity of penicillin G and oxytetracyclihe was affected 
considerably. In the case of penicillin, the activity against E. coli dis- 
appeared when it was elposed to 5- and 10-megarad doses of y-radi- 
ation but some activity reappeared when it was exposed to a dose of 
15 megarads. Similarly, in the case of S.  aureus, the activity of peni- 
cillin decreased at-5- and 10-megarad doses as compared to the con- 
trol but partially reappeared at the 15-megarad dose. In the case of 
oxytetracycline, the activity decreased against both the organisms at 
15 megarads. In all other antibiotics, the increase or decrease in 
the activity was not significant. 


When the antibiotics were irradiated with neutrons, very little 
effect or no effect upon the activity of antibiotics was obtained 
agaihst E. coli and S.  aureus except in the case of spiramycin, which 
showed decreased activity against S. aureiis when irradiated at a 
1 Smegarad dose (Table 11). 


In the case of penicillin where there was an increase in the activity 
at the 15-megarad dose as compared to 5- and 10-megarad doses, no 
explanation can be made at this time for the strange behavior. The 
results indicate that, at least for oxytetracycline and penicillin, the 
activity can be affected by irradiation of antibiotics in the dry 
state. These results differ from earlier obdrvations of Holland et al. 
( 5 ) ;  these authors reported no effect of y-radiation on the anti- 
biotics in the dry state up to a 10-megarad dose. Although cloxacil- 
lid, ampicillin, and penicillin are related antibiotics, only penicillin 
seems to be susceptible to y-radiation. Although polypeptides are 
known to be more susceptible to radiation, the polypeptide anti- 
biotics. nisin and bacitracin, did not show any change in activity 
whereas oxytetracycline was affected considerably. 
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Synthesis and Antimicrobial Properties of 
17~-Isopentyloxy-4-azada-androstane and the 
4-Methyl Derivative 


NORMAN J. DOORENBOS and WILLIAM E. SOLOMONS' 


Abstract 0 Synthesis of 17@-isopentyloxy-4-aza-5a-androstane 
was accomplished through a set of reactions involving oxidative 
opening of an A-ring a,@-unsaturated ketone, ring closure, and two 
reductions. The Williamson synthesis of ethers was employed to 
introduce the 17@-isopentyloxy group; ketal formation of the 3-0x0 
group protected the @,@-unsaturated ketone during this reaction. A 
serial dilution assay showed the title compound and the Cmethyl 
derivative to have antimicrobial activity against Gram-positive 
bacteria, yeasts, and molds. 


Keyphrases 17@-Isopentyloxy-4-aza-5~-androstane and 4-methyl 
derivative-synthesis, antimicrobial activity 0 4-Am-steroids- 
synthesis, antimicrobial activity of 17@-isopentyloxy-4-aza-5@- 
androstane and 4-methyl derivative 0 Antimicrobial activity- 
17g-isopentyloxy-4-aza-5a-androstane and 4-methyl derivative 0 
Structure-activity relationships-4-aza-steroids ( l7g-isopentyloxy- 
4-aza-5a-androstane) and antimicrobial activity 


Doorenbos and his coworkers (1-4) synthesized 
4-aza-steroids which have a wide variety of pharmaco- 
logical properties such as coronary dilatory, hypo- 
cholesterolemic, hypercholesterolemic, hypotensive, and 
antimicrobial. In certain of these compounds (e.g., 4- 
methyl-4-aza-5a-cholestane), antimicrobial activity was 
quite high, i.e., approximately 1 mcg./ml. bactericidal 
(1) against Gram-positive bacteria, yeasts, and molds. 


Previous studies indicated that 4-aza-5a-androstanes 
possessing a free 17/3-hydroxyl (2) and 4-ma-5a-preg- 
nanes possessing a free 20-hydroxy (3, 4) are devoid 
of antimicrobial activity except at  very high concen- 
trations. This showed a necessity for the lack of a hydro- 
philic group i n  this region of the molecule. Further 
explanation for the lack of activity in these molecules 
may be microbial degradation enhanced by hydroxyl 
substitution. It is commonly known that testosterone 
(17/3-hydroxyl) is inactive orally but that deactivation 
is blocked by a 17a-methyl group. This hypothesis 
was applied to 4-aza-5a-androstan- 17/3-01 by the syn- 
thesis and testing of 17a-methyl-4-aza-5ar-androstan- 
17/3-01, but this compound was also inactive in anti- 
microbial testing (1). 


Alkylation of the 20-hydroxy group in the pregnane 
series ( 5 )  produced a highly active agent, 4-aza-22a- 
oxa-5a-cholestane. To evaluate structure-activity re- 
lationships along these lines, the synthesis and anti- 
microbial properties of 17/3-isopentyloxy-4-aza-5a-an- 
drostane and the 4-methyl derivative are reported 
here. 


DlSCUSSlON 


Synthesis-Testosterone was utilized as starting material for 
the synthesis of 17~-isopentyloxy-4-aza-5~-androstane (VIII) and 
the 4-methyl derivative IX (Scheme I). The 3-ethylenedioxy deriva- 
tive I1 was prepared by the usual method (6, 7). The reaction was 


Table I-Inhibitory Concentrations (Expressed 
in Micrograms per Milliliter) 


~~ ~ 


_-_- Steroids--- 
4-Aza- 


Microorganisms VIII IX steroids 


Saccharomyces cereoisiae 12.5 12.5 12.5 
Candida albicans 12.5 50.0 50.0 
Aspergillus niger 3.12 3.12 50.0 
Staphylococcus aureus 12.5 50.0 12.5 
Bacillus cereus 1 2 . 5  12.5 25 .O 
Escherichia coli -.b -- - 
0 4-Methyl-4-aza-S~-cholestane (ND-502). b No inhibition. 


very sensitive to traces of water and acid, but the addition of an- 
hydrous potassium carbonate and a few drops of pyridine imme- 
diately berore workup improved the yield. The ketal 11 was formed 
to prevent alkylation of the @,&unsaturated ketone in the conversion 
of I1 to 111. 


The ether linkage was formed oia a base-catalyzed condensation 
of the alcohol 11 with isopentyl ptoluenesulfonate. Yields from this 
reaction were about 3Ox until large excesses of newly purchased 
and carefully protected (anhydrous storing) potassium rcm-butoxide 
and addition of dimethyl sulfoxide boosted yields to a respectable 
range. 


Hydrolysis of the ketalether 111 in an acetic acid-water medium, 
with a small amount of p-toluenesulfonic acid as a strong acid 
catalyst, produced the isopentyl ether of testosterone, IV. It was 
necessary to conduct the hydrolysis under a nitrogen atmosphere 
since air oxidation caused formation of darkcolored oils which 
were not characterized. 


Ozonolysis of 1V yielded 17/3-isopentyloxy-3,5-seco-4-norandro- 
stan-5-on-3-oic acid (V). Ethers are known to react with ozone, al- 
though at a slower rate than olefins and unsaturated ketones, to 
produce carboxylic acids. esters. and aldehydes. TLC analyses of 
reactions run with varied amounts of ozone showed that 0.4 mole 
excess of ozone per mole of steroid gave the desired product V con- 
taining a little starting material. This material was suitable for the 
subsequent ring closure. 


The keto-acidether V, when heated under nitrogen in concen- 
trated ammonium hydroxide in a pressure vessel, gave 17Iy-iso- 
pentyloxy-4-am-5-androsten-3-one (VI). This compound resisted 
attempts at recrystallization and persisted in forming gels. Ele- 
mental analyses were not obtained but the IR, NMR, and. U V  
spectra were consistent with the assigned structure. In addition, the 
next step gave a crystalline product whose structure was confirmed 
by all spectral data and accurate elemental analyses. 


The enamine-lactamether V I  was converted to the lactam-ether 
VII by low pressure catalytic hydrogenation, giving the 5 ~ p r o d u c t  
only (8). 


The final products, 1 7&isopentyloxy-4-azaa-5a-androstane (VlII) 
and 17~-isopentyloxy-4-methyl-4-aza-5a-androstane (IX), were pro- 
duced from V1I by lithium aluminum hydride reduction and the 
Eschweiler-Clarke N-methylation, respectively. 


Biologicall-A twofold serial dilution assay was used to deter- 
mine the approximate antimicrobial potency of 17/3-isopentyloxy-4- 


1Thc cell cultures used were obtained from the Department of 
Biology, University of Mississippi. For Candida albicans, Staphylococcus 
aureus, and Escherichia coli. the strains are identified by the numbers 
ATCC-1023 I ,  K-257. and APCC-4157, respectively. Sacckaromrces 
cereuisiae, Aspergillus, niger, and Bacillus cereiis cultures have been 
part of University stock cultures for many years and are typed period- 
ically by students using microscopic and biochemical methods. 
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aza-5mandrostane (VIII) and the N-methyl derivative 1X. For com- 
parison, 4-methyl-4-aza-5acholestane*, a 4-aza-steroid of known 
activity, was tested by the same procedure. 


The first tube of each series contained 100 mcg. of sample; suc- 
ceeding tubes contained 50, 25, 12.5,6.25, 3.12, 1.56, and 0.78 mcg. 
The level of activity of the compounds was determined by choosing 
the last tube in which there was no noticeable growth of the orga- 
nism. No statistical analyses were employed. To ensure that the cells 
were viable under test conditions, tubes containing no steroid were 
used as blanks. The assay was duplicated. 


The biological data are presented in Table I. The growth medium 
for the bacteria was tryptic soy broth; for the fungi, it was mycophil 
broth. 


EXPERIMENTAL' 


3-EUlylenedioxy-5-andr~en-17,9~1 ( I I b A  solution of 25 g. 
(0.086 mole) of testosterone, 55 ml. (61.35 g., I .01 I mole) of ethylene 
glycol, 1.2 g. (0.007 mole) of p-toluenesulfonic acid, and 1.5 1. of 
benzene was refluxed 5 days in a 3-1. boiling flask fitted with a Dean- 
Stark trap, condenser, and drying tube. Water was removed from the 
trap each day. After adding 10-15 g. of anhydrous potassium 
carbonate and stirring until room temperature was reached, the 
solution was divided in half. Each half was washed with three500-ml. 
portions of 4% sodium carbonate and dried over anhydrous potas- 
sium carbonate. A few drops of pyridine were added and the 


a ND-502. 
* All melting points were determined on a Thomas-Hoover capillary 


melting- oint apparatus, and the elemental analyses were obtained from 
Galbrait[ Laboratories, Knoxville, Tenn. The maximum wavelength 
of absorption in the UV spectra was determined on a Perkin- 
Elmer model 202, and the absorbance was determined on a Beckman 
model DU spectrophotometer. TheIR spectra wererecorded o n a  Perkin- 
Elmer model 137B and, unless indicated otherwise, all spectra were 
determined in KBr. Specific rotations were determined on a Perkin- 
Elmer model 141 automatic polarimeter as 2% solutions in chloro- 
form. 


Appreciation is extended to Mrs. R. L. Scttine of the Chemistry De- 
partmcnt, University of Mississip i, for the NMR spectra, which were 
rccorded with a Varian model A-%O-A spectrometer. The NMR s ectra 
sample solutions were 40 mg. of sampla/0.5 mi. of chloroform-$ with 
tetramethylsilane as  the internal reference. 


0 A 


CH, 
M 


solvent was evaporated to dryness in uacuo. The slightly yellow solid 
residue was recrystallized fromacetoneand a few drops of pyridine to 
yield 22.87 g. (79%) of  product, m.p. 180-182' [lit. (9) m.p. 182- 
183'1; IR: 3450 (OH), 1130, 1095. 1055, and 1025 (C-0 stretch- 
ing) cm.-I and absence of carbonyl absorption. 
3-Ethylenedioxy-17,9-isopentyloxy-5-androstene (111)-To a solu- 


tion of 13.98 g. (0.042 mole) of JI and 500 ml. of dry tetrahydro- 
furan, in a carefully dried 1-1. three-necked boiling flask fitted with 
dropping funnel, condenser, and drying tubes, was added 8.0 g. 
(0.071 mo1e)of potassium terr-butoxidewith refluxing under nitrogen 
over 5 hr. To this solution was added dropwise 10.2 g. (0.042 mole) 
of isopentyl p-toluenesulfonate and 8.5 ml. of dimethyl sulfoxide 
in 100 ml. of tetrahydrofuran. Refluxing was continued for an 
additional 19 hr. Addition of potassium tert-butoxide and iso- 
pentyl ptoluenesulfonate was repeated as follows: (a) 8.0 g. (0.071 
mole) potassium ten-butoxide with refluxing for 5 hr. and 6.0 g. 
(0.028 mole) isopentyl p-toluenesulfonate in 100 ml. tetrahydrofuran 
with refluxing 19 hr., and (b )  8.0 g. (0.071 mole) of  potassium terr- 
butoxide with refluxing for 17 hr. After cooling and removing the 
solvent in DCICUO, the residue was digested in refluxing benzene; the 
benzene mixture was washed with six portions of 500 ml. of water, 
dried over anhydrous potassium carbonate, and evaporated to 
dryness. Recrystallization of the solid residue from methanol and a 
few drops of pyridine gave shiny leaflets, 12.00 g. (70%), m.p. 
130-131"; IR: 1135, 1105, 1065, and 1025 (C-0 stretching) cm.-l 
and absence of hydroxyl absorption. 


And.-Calc. for CzsH420a: C, 77.56; H, 10.51. Found: C, 77.31; 
H, 10.37. 


178-Isopentyloxy-4androst~-~e (IV)-A solution of 8.3 1 8. 
(0.021 mole)of 111.0.13 g. (0.68 mmo1e)ofptoluenesulfonic acid, 2ml. 
(0.1 I 1  mole) of water, and 200 ml. of acetic acid in a 250-ml. boiling 
flask was stirred under nitrogen for I hr. at ambient temperature. 
After mixing the reaction solution with 500 ml. of ether, it was 
washed with three 1-1. portions of water, three 340-ml. portions of 
cold 4% sodium carbonate solution, and 1 1. of water. Then it was 
dried over anhydrous potassium carbonate, filtered, and evaporated 
in DUCUO to give 7.01 g. of a viscous oil which solidified. 


Purification Method A-An analytical sample was obtained by 
passing 1.63 g. of this substance through 25 g. of grade Ill neutral 
alumina in a 2-cm. column with n-hexane. Evaporation of the 
solvent and several recrystallizations from methanol gave 157 mg. of 
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white solid, m.p. 65-66"; 1R 1680, 1620 (3carbonyl and 4-double 
bond), 1135,1114, and 1095 (C-0 stretching)cm.-l. 


Anal.-Calc. for Ct,H&: C, 80.39; H, 10.68. Found: C, 80.22; 
H, 10.77 


Purificatiou Method B-Sublimation of 7.0 g. of 1V through a 
distance of 2.6 cm. at 180" (wax bath temperature) and 0.250 mm. 
gave 6.61 g. (90%) of a white solid. m.p. 63-64" and 1R identical to 
that obtained by Method A. Method B was routinely used for 
purification of this compound. 


17~Isopentyloxy-3,5-secn-4-norendrosten-c Acid (Vl- 
To a solution of 6.61 g. (0.018 mole) of IV. 50 ml. of ethyl acetate, 
and I50 ml. of glacial acetic acid was added 0.025 mole of ozone at 
ice bath temperature. After addition of 10 ml. of 30% hydrogen 
peroxide and 20 ml. of water and stirring for 16 hr., the solution was 
mixed with 600 ml. of ether. This solution was washed with four 500- 
ml. portions of water and extracted with two 300-ml. portions of 8 
sodium hydroxide. and the basic solutions were made acidic to 
litmus by addition of 47% (v/v) phosphoric acid with cooling. 
After extracting the oily precipitate of each fraction with three 250- 
ml. portions of ether, washing with four 500-ml. portions of water, 
drying over anhydrous magnesium sulfate, and filtering, the filtrate 
was evaporated in ~aciio to give a viscous oil which was not further 
purified. The IR spectrum (liquid film) gave major bands at 3500- 
3000 (carboxyl OH), 1725, 1700 @ketone and carboxyl carbonyl). 
1130, 1085, and 1040 ( C - 0  stretching) cm.-l. 


17~-1sopentyloxy4aza-5-androsten-50ne (V1)--A solution of 
the viscous oil V dissolved in 200 ml. of concentrated ammonium 
hydroxide and cooled in a dry ice-acetone bath was placed in an 
autoclave, evacuated at the water pump, sealed, and heated to 170" 
for 22 hr. After cooling, a creamy-white solid was collected, washed 
with water, and dried in vucuo at 70" for 6-8 hr., giving 3.36 g. of VI 
(51 based on the quantity of IV used), m.p. 226-227' dec.; IR: 
3190, 3050 (NH). 1690, 1675 (G-C and lactam carbonyl), 1135, 
1100, and 1090 ( C - 0  stretching) cm.-I; UV:zE'OH: 235 nm. (C 


13,600); NMR (CCI,): 6 7.77 (broad, NH), 4.75 (broad, vinyl), 
3.30 (t, CH and CHI adjacent to the ether linkage), 1.04 (s, C-19 
methyl), 0.88 (d, isopropyl group in the side chain), and 0.72 (s, C-18 
methyl). 


1 7 & I s o p e n t y l o x y 4 a - a n ~ ~ ~ n - 3 - o n e  (VII)-A mixture of 
3.36 g. (9.3 mmoles) of VI, 0.5 g. of platinum oxide, and 100 ml. of 
glacial acetic acid was hydrogenated at 46 p.s.i. and60" for 36hr.The 
UV spectrum indicated the presence of a small amount of non- 
reduced compound, so hydrogenation was continued at 74" and 46 
p.s.i. for 15 hr. (after adding an additional 0.2 g. of platinum oxide). 
After removing the catalyst, evaporating the solvent in vacuo, and 
recrystallizing the residue from acetonitrile, 2.30 g. (68 %) of white 
needles was obtained, m.p. 241-242"; IR: 3125, 3025 (NH), 1675, 
1620 (lactam carbonyl), 1135, 11 15, 11 10, and 1100 ( C - 0  stretch- 
ing) Em.-'; NMR (CCI,): 6 7.96 (broad, NH), 3.36 (t, CH and CHI 
adjacent to the ether linkage), 0.90 (d, isopropyl group in the side 
chain), 0.90 (s, C-19 methyl), and 0.72 (s, C-18 methyl). 


Anal.-Calc. for CZ3HleNO1: C, 76.40; H, 10.87; N, 3.87. Found: 
C, 76.49; H, 11.01; N, 3.78. 


17~-Isopentyloxy4a-Sa-androstrme (VII1)-A slurry of 5.0 g. 
(0.132 mole) of lithium aluminum hydride in 200 ml. of ether was 
added dropwise with magnetic stirring to a solution of 2.30 g. (6.4 
mmoles)of VII and 600 ml. of dry ether in a 1-1. three-neckedflaskfit- 
ted with a dropping funnel and condenser with drying tube. Refluxing 
was continued for 41 hr. After decomposing excesslithiurnalurninurn 
hydride with methanol and then water, adding 350 ml. of ether and 
200 ml. of water, separating the salts and water from the ether phase, 
and washing with Mo ml. of water, 500 ml. of 9y;sodium hydroxide, 


and two 5o-rnl. portions of water, the solvent was evaporated 
in DOCUO to yield 2.26 g. of a yellow oily solid. Crystallization from 
acetonitrile gave 1.34 g. (62x) of prisms, map. 68-70"; [a]: + 
25.1 O (CHCI1); 1R: 3220 (NH), 1140, I 120, 1100, and 1095 (C-0 
stretching)cm.-'andabsenceof carbonyl absorption; NMR (CDCI,): 
6 3.60 (t, CH and CHI adjacent to the ether linkage), 0.92 (s, C-19 
methyl), 0.86 (d, isopropyl group in the side chain), 0.76 (s, C-18 
methyl), and a proton under the methylene absorption which 
exchanged with &O. 


Anal.-Calc. for GlH4lNO: C, 79.48; H, 11.89; N, 4.03. Found: 
C, 79.26; H, 11.94; N, 4.23. 


1 7 8 - I s o p e n t y l o x y ~ ~ y l 4 ~ - ~ - a n d r a n e  (IX>-A solu- 
tion of 0.51 g. (1.47 mmo1es)of VllI,5ml.(0.098mole)of90~formic 
acid, and 5.0 ml. (0.063 mole) of formalin was heated for 6.5 hr. at 
90" and 12 hr. at 55'. After cooling, concentrated ammonium 
hydroxide was added dropwise until the solution turned red litmus 
blue. The mixture was cooled in an ice bath and filtered, and the 
precipitate was washed with water and dried at 70" in oucuu to give 
0.51 g. of white solid. Recrystallization from acetonitrile yielded 
0.47 g. (87%) of colorless needles, m.p. 94-95"; [a]: + 6.3" 
(CHCll); 1R: 2925, 2825, 2750, 2700 [Bohlmann bands (lo)], 
1140, 1120, 1100, and 1070 (C-0 stretching) cm.-' and absence of 
NH stretching; NMR (CDCI,): d 3.48 (1, CH and CHt adjacent to 
the ether linkage), 2.22 (s, N-methyl), 0.98 (s, C-19 methyl), 0.92 (d, 
isopropyl group of the side chain), and 0.77 (s, C-18 methyl). 


And.-Calc. for Cz4HoNO: C, 79.72; H, 11.99; N. 3.87. Found: 
C, 79.54; H, 11.93; N, 3.69. 
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Factors Affecting Release of solubility of hard gelatin capsules unless accompanied 
by a lowering of the temperature of the stomach's con- 
tents. Medicaments from Hard Gelatin Capsules 


Keyphraees 0 Drug release from hard gelatin Capsules-9kt of 
temperature and pH 0 Capsules, hard g e l a t i d e c t  of tempera- 
ture and pH on drug release 0 Dissolution, hard geldtin capsules- 
d e c t  of temperature and pH 


Sir: 


In a recent communication, it was suggested that de- 
creased absorption of encapsulated tetracycline when 
administered concurrently with antacids was due to  the 
insolubility of the gelatin capsules (1). The authors 
investigated the dissolution of tetracycline capsules at 
pH 1-9 and found that the capsules disintegrated in 
acidic media but remained intact in basic media. Al- 
though no mention was made of temperature, the study 
was apparently conducted at room temperature. Be 
cause it is not unusual to administer antacids with a 
number of encapsulated drugs, this finding gives rise to 
a number of unfavorable implications. 


An attempt was made to reproduce the authors' re- 
sults in a similar experiment in which size 0 gelatin 
capsules were filled with amaranth and added to solu- 
tions whose pH ranged from 1.2 to 9.0. Prolonged re- 
lease times were obtained at pH greater than 1.2. The 
capsules did not dissolve or disintegrate to release their 
contents; instead they swelled and the two halves of the 
capsules pulled apart. 


It was decided to do more closely controlled experi- 
ments using 250-mg. chloramphenicol capsules made 
with a gelatin band around the center'. This band pre- 
vented the halves of the Capsule from separating. For 
the drug to be released, the capsules would have to dis- 
integrate and/or dissolve. 


The capsules were added to a 600-ml. beaker contain- 
ing 300 ml. of 0.05 M phosphate buffer at varying pH. 
The solutions were stirred at 60 r.p.m. with a Plexiglas 
paddle, 4.6 X 2.6 X 0.1 cm. The time required for the 
capsules to break open was recorded at 22.5 and 37.0'. 


At body temperature, varying the pH (1.2-9.0) did 
not affect the average release time (120.7 f 6.5 sec.) of 
the capsules. However, at room temperature, pH did 
affect the release times. The average release times at pH 
1.2, 3.0, and 9.0 were 51, 38, and 320 min., respectively. 
At pH 5.0 and 7.0, the capsules remained intact after 
24 hr. 


From these data it appears that temperature is the 
major determinant in the disintegration and/or dissolu- 
tion of gelatin capsules. The temperature of the stomach 
is normally about 36". This temperature can be lowered 
by eating such things as ice cream, but the temperature 
returns to normal within 30 min. (2). It is unlikely that 
this variation in stomach temperature would frequently 
interfere with the release of encapsulated medications. 
Also, it is clear that raising the gastric pH does not, as 
the authors suggest, affect the disintegration and/or 


(1) G. R. Elliot and M. F. Amstrong, ClLn. Pharmacd. Ther., 
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Batch Production of Pharmaceutical 
Granulations in a Fluidized Bed 111 : 
Binder Dilution Effects on Granulation 


Keyphrases 0 Granulation, fluidized bed-e.ffects of binder dilu- 
tion on granule properties 0 Binder dilution effect-fluidized-bed 
granulation 


Sir: 
Previous reports (1, 2) were concerned with process 


variables in the operation of a fluid-bed spray granu- 
lator' and the effects of various binders and their con- 
centrations on the physical properties of fluidized-bed 
granulations and tablets compressed from these granu- 
lations. The present communication describes the 
effects of two aqueous dilutions of various formula 
weights of gelatin binder on the physical properties of 
fluidized-bed granulations. 


Successful granulation in a fluidized bed results pri- 
marily from a balance of material input and output 
(3, 4) which is determined by operational factors such 
as the rate of binder addition, fluidizing air tempera- 
ture, and volume and nozzle height with respect to the 
fluidized solids (1). In addition, further studies showed 
that the quantity of binder solvent used for fluidized- 
bed granulating may be equally influential. Since the 
quantity of solvent used in preparing a binder solution 
may often be arbitrary, depending upon solution vis- 
cosity, binder solubility, desired granulating cycle time, 
erc., the influence of the solvent quantity on the physical 


, .  
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GLC Determination and Urinary Recovery of 
Bumetanide in Healthy Volunteers 


P. W. FEIT’, K. ROHOLT, and H. SPRENSEN 


AbsbPet 0 A GLC determination of bumetanide (3-n-butylamino- 
4-phenoxy-S-sulfamylben~ic acid), a potent “high ceiling” di- 
uretic, was developed using flash-heater methylation. A mixture of 
tetramethylammonium hydroxide and trimethylanilinium hydroxide 
was advantageously used as the methylation reagent. The flash- 
heater methylation product proved to  be methyl YN-n-butyl- 
anilino>5dimethylsulfamyl4methoxybenzote by spectroscopic 
comparison with authentic material achieved by a corresponding 
gram scale model experiment. The probable sequence of reactions 
involving methylation under simultaneous Smiles rearrangement is 
outlined. The GLC determination was found to  be accurate a t  
concentrations as low as 0.1 mcg./ml. human urine. In six healthy 
volunteers, the urinary recovery of bumetanide, the urinary ex- 
cretion of sodium, potassium, and chloride ions, and the urine 
volume were determined after oral administration of 0.5 and 1 mg. 
of the drug. A parallelism between bumetanide excretion and sal- 
uretic action over the total period of response is shown. 


Keyphmea 0 Bumetanide-urinary excretion, man, relationship 
to  saluretic action, GLC analysis after flash-heater methylation 0 
Urinary excretion, bumetanide-relationship to  saluretic action, 
man 0 Saluretic activity, bumetanide-relationship to  urinary 
excretion, man u GLC-analysis, bumetanide, after flash-heater 
methyletion 
_ _ _ _ _ _ _ _ _ ~  ~ ~~ 


Bumetanide (3-n-butylamino-4-phenoxy-5-sulfamyl- 
benzoic acid) (I, Scheme I) was recently described as a 
new “high ceiling” diuretic in the experimental animal 
( I ,  2) and in man (3, 4). In  patients suffering from con- 
gestive heart failure, bumetanide has shown a diuretic 
profile and dose response comparable to that of furose- 
mide, but at doses approximately one-fortieth of the 
latter drug (4). The aim of the present investigation was 
to develop a sensitive GLC assay for the determination 
of bumetanide in biological material. Special interests 
were to evaluate the urinary recovery after oral admin- 
istration of the drug to healthy volunteers and to obtain 
information relating the renal drug excretion with the 
diuretic-saluretic activity. 


Since functional groups of bumetanide make the drug 
unsuitable for direct GLC determination, it was neces- 
sary to find a suitable derivative. A relatively simple way 
of making derivatives of anionic compounds is by 
methylation in the injection port of the gas chromato- 
graph, using a solution of tetramethylammonium 
hydroxide or trimethylanilinium hydroxide as the 
methylation reagent. The principle of flash-heater 
methylation was first utilized in preparation of methyl 
esters of carboxylic acid ( 5 )  with the aid of tetramethyl- 
ammonium hydroxide. The advantage of using tri- 
methylanilinium hydroxide was recently shown for 
barbiturates, phenolic alkaloids, and xanthine bases (6). 


EXPERlMENTAL 


CLC Detennlwthm-lnstrwnenfs and Condiiions-The GLC 
analyses were performed using a gas chromatograph1 equipped 
with a flameionization detector and the following experimental 
conditions: column, 2 m. X 3.3-mm. o.d., stainless steel; packing, 
1.5% OV-17 silicone’ on 100-12O-mesh diatomaceous earth’; 
column temperature, 270“; injection port temperature, 370’; 
detector temperature, UW)’; carrier nitrogen flow, 30 ml./min.; and 
recorder chart speed, 0.3 cm. (0.1 in.)/min. 


Reagenfs-For the methylation reagent, two parts of an approxi- 
mately 1 M aqueous solution of trimethylanilinium hydroxide (6) 
were mixed with one part of a 10% methanolic solution of tetra- 
methylammonium hydroxide. The latter was obtained by e v a p  
orating an aqueous tetramethylammonium hydroxide solution‘ in a 
rotating evaporator and redissolving the residue in the appropriate 
amount of methanol. 


The internal reference solution consisted of 25 mcg. of 4-benzyl-3- 
,r-butylamino-~sulfamylbenzoic acid (7)/ml. in ether. 


Procedure-Urine, 5-10 ml.. was adjusted to pH 2 by addition of 1 
N hydrochloric acid. Then 200 pl. of internal reference solution and 
15 ml. of ether were added, and the mixture was shaken in a 
~ ~~ 


1 Perkin Elmer model 990. 
* A lied Science. 
8 J.p?s Chromatography Ltd.. Diatomite CQ. * Merck, Dannstadt. Germany. 


Vd. 62, No. 3, March 1973 0 375 







* s  
B 


C 


L 


Figure 1-Gas chro- 
marogram of bumetanide 
from urine. Key: A, re- 
agent peak; B, peak 
originated by bumet- 
anide; and C, peak 
originated by the refer- 
ence compound. 


I I 
10 20 


MINUTES 


/ bumetanide II 


III Iv 
Scheme I-Sequence of reactions during fish-heater methylation of 


bumetanide 


was shaken for 2 min. After centrifugation, 1-2 pl. of the aqueous 
layer was injected into the gas chromatograph. The amount of 
bumetanide, in micrograms per milliliter of urine, was calculated 
from the formula: 


A.2 .5  
B.u bumetanide = 


where A is the peak height ratio (bumetanide/internal reference), B is 
the peak height ratio in a corresponding standard determination in 
which 2.5 mcg. of bumetanide is added to 5 ml. of blank urine, and 
u is the quantity of the urine sample in milliliters. The peak heights 
were measured from a baseline drawn with the aid of a large French 
curve. 


When the apparatus had been in disuse for some time for the 
determination of bumetanide, the peaks resulting from the first 
injections tended to be either very small or absent. This could be 
rectified by saturating the system with an injection of a concentrated 
solution of bumetanide and the reference compound in methylation 
reagent. 


SynthesLs : Methyl 3-n-&ltylamlno-5-di~y~lfamyl4phenoxy- 
benzdc Acid (11, Scheme I b A n  alkaline (sodium hydroxide) solu- 
tion of bumetanide (3-n-butylamino-4-phenoxy-S-sulfamylbenzoic 
acid) (1) was methylated with excess methyl iodide at  room tem- 
perature while stirring for 24 hr. The excess methyl iodide was 
distilled off, and 3-n-butylamino-5-dimethylsulfamyl-4-phenoxy- 
benzoic acid was precipitated from the reaction mixture by addition 
of 4 N hydrochloric acid until pH 2 (m.p. 187-188" after recrystal- 
lization from aqueous ethanol). The esterification was performed in 
methanolic hydrochloric acid by standing at room temperature for 
24 hr. and was worked up as usual to yield 11, m.p. 135-136", after 
recrystallization from acetone-benzene. 


Ana/.-Calc. for GOHIIINIOS (mol. wt. 406.49): C, 59.09; H, 
6.45; N, 6.89. Found: C, 58.92; H, 6.42; N, 6.93. 


Model Experiment: High Temperature Reaction of Bume-tanide 
with Te-tramethylammonium Hydroxide-A solution of bumetanide 
(3 g.) in tetramethylammonium hydroxide (45 ml., 10% in water) 
was introduced into a glass flask placed in an oil bath at 220-235" 
for 3 hr. while evaporating in wcuo. After heating for an additional 
15 min., the reaction flask was cooled and the reaction product was 
dissolved in a mixture of 1 N hydrochloric acid (50 ml.) and ether 
(50 ml.). The organic layer was dried (magnesium sulfate) and 
evaporated. Two grams of the resulting residue (approximately 3 g.) 
was redissqlved in ether (50 ml.) and extracted twice with 10-ml. 
portions of 1 N sodium hydroxide while ice cooling. The 
alkaline extract was immediately acidified with 1 N hydrochloric 
acid (30 m1.l The seoarated oil was reextracted with ether. 


separator for 2 min. The organic layer was washed with three 5-ml. 
portions of water and then filtered into a tapered centrifuge tube 
(10 d . 1  through a small cotton plug, previously washed with 
ether and covered with a thin layer of anhydrous sodium sulfate. 
Then 50 PI. of methylation reagent was added, and the tube 


After washing with water, drying (magnesium sulfate), and e v a p  
orating, 1.6 g. of oily material was obtained. After redissolving in 
ether, the solution was washed with diluted sodium hydrogen 
carbonate and dried (magnesium sulfate). After evaporation, oily 
methyl 3-(N-n-butylanilino)-5-dimethylsulfamyl-4-hydroxy~~~oa~~ 
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Table I-Mean Urinary Excretion in Healthy Volunteers during the. Periods of Collection following Oral Administration of 
0.5 and 1 mg. Bumetanide 


- Collection following 
-4 hr. . d 2 4  hr.-- -24 hr. 


Excretiono Controlb 0.5 mg. 1 mg. Controlb 0.5 mg. 1 mg. Controlb 0.5 mg. 1 mg. 


Bumetanide, mcg. - 166.7 404.3 - 10.0 23.2 - 176.7 427.5 
f 9 . 9  f 3 9 . 5  f 4 . 2  f 6 . 0  *8.9 *35.1 


f 1 2 . 6  f 2 3 . 7  f 2 2 . 7  f l l . 1  f l l . O  f 5 . 7  -121.6 f 3 4 . 2  f23.0 
Sodium, meq. 53.7 131.1 188.5 99.7 62.5 41.7 153.3 193.5 230.2 


Potassium, meq. 28.2 45.7 51 .o 40.0 41 .o 34.0 68.2 f 8 . 1  86.7 *11.3 85.0 
zk2.0 f 3 . 4  f 5 . 1  f 5 . 7  f 7 . 2  f 7 . 4  *6.3 


Chloride, meq. 65.0 159.0 219.7 80.2 49.2 24.7 145.2 208.2 244.3 
f 1 1 . 8  f B . 4  f18.8 &11.4 *10.7 f 3 . 4  f22.4 zt28.9 f20.0 


Volume, ml. 442.8 1469.2 2042.5 834.2 805.0 546.7 1277.0 2274.2 2589.2 
*49.5 f 9 0 . 6  f156 .2  f 9 3 . 4  f134.7 f 6 9 . 9  f113.1 +135.9 f177.9 


0 Values represent the mean f SD for six volunteers. b Mean values calculated from the day before administration. 


(111, Scheme I) was obtained. Crystallization was afforded from 
ethanol by slowly adding water. Recrystallization from ethanol- 
water yielded the analytically pure compound (0.64 8.). m.p. 75-77 '; 
NMR [lox in (CDI)lSO, tetramethylsilane]: 0.88 (m, 3H, CHaC), 
1.0-1.8 (m, 4H, CHICHI), 2.80 (s, 6H, CH,NS@), 3.55 (m, 2H, 
CHnN). 3.84 (s. 3H. CH800C), 6.5-7.4 (m, 5H, C6Ht.N), 7.91 
(d , J  = 2.2 Hz., lH,  aromatic H), 8.29 (d, J = 2.2 Hz., IH, aromatic 
H),andI0.85(broads,IH,HO)p.p.m. 


AnaL-Calc. for CzoHt~NtO$ (mol. wt. 406.49): C, 59.09; H, 
6.45; N, 6.89. Found: C, 58.83; H, 6.44; N, 6.89. 


The remaining ether solution, after sodium hydroxide extrac- 
tion, was washed with 1 N hydrochloric acid and water. Drying and 
evaporation resulted in crude methyl J-(N-n-butylanilino)-5- 
dimethylsulfamyl-4-methoxybenzoate (IV, Scheme I) (0.45 g.). 
Recrystallization from ethanol (4 ml.) yielded the analytically pure 
compound (0.19 g.), m.p. 97-98"; NMR [lox in (CDl)rSO, tetra- 
methylsilane]: 0.86 (m. 3H, CH,C), 1.0-1.9 (m, 4H, CHzCH*), 2.78 
(s. 6H, CHINSO2), 3.72 (m. 2H, CHIN), 3.75 (s, 3H, CH,O), 3.88 


lH, aromatic H). and 8.23 (d,J  = 2.2 Hz., lH, aromatic H) p.p.m. 
Anal.-Calc.forCUHrsN~OS(mol.wt.420.56):C,59.98;H,6.71; 


N, 6.66. Found: C, 59.78; H, 6.66; N, 6.54. 
Human Volunteer Studies-The study was performed at  dose 


levels of 0.5 and 1 mg. bumetanide. Scored tablets containing 1 mg. 
of bumetanide were used. 


The trial was comprised of six volunteers who were members of 
the staff and 30-44 years old. All had normal blood urea and elec- 
trolyte levels. They took a normal diet and consumed, as far as 
possible, the same volume of fluid each day. On the 1st day of trial, 
each subject emptied his bladder at 7 a.m. and the urine was dis- 
carded. On the two pretreatment days, urine was collected over the 
0-6- and 6-24-hr. periods. On the day of the test, urine was collected 
over the &I-, 1-2-, 2-4-, 4-6-,68-, and 8-24-hr. periods following 
administration of the drug. On the day following treatment, urine 
specimens were collected over a 24hr. period. 


The content of bumetanide in urine was measured using the 
GLC determination as described. Blank urine samples taken before 
administration of bumetanide were analyzed to exclude the presence 
of other drugs that might interfere with the method. The presence of 
furosemide would interfere with the analysis, because it shows a peak 
with almost the same retention time as the peak originating from 
bumetanide. Consequently, it was found that the method could be 
adapted to furosemide. 


The urinary excretion of electrolytes was determined using 
standard procedures. 


(s, 3H, CHI-), 6.7-7.5 (m, 6H, Ce.H*N), 8.01 (d, J = 2.2 Hz., 


RESULTS AND DISCUSSION 


CLC Determination-A sensitive method was necessary for meas- 
uring bumetanide in urine at  the low levels estimated to be present 
in urine. The described procedure is convenient for the determina- 
tion of the drug in urine at levels as low as 0.1 mcg./ml. The use of 
the quaternary ammonium bases for the extraction of bumetanide 
from the organic solvent phase simplified the extraction procedure. 
No time-consuming evaporation steps were necessary to achieve the 
concentration of the drug required for GLC analysis. The accuracy 


of the analysis was tested by adding known amounts of bumetanide 
(between 0.1 and 0.5 mcg./ml.) to urine samples. The recovery was 
between 90 and 105%. A chromatogram from urine containing 
0.19 mcg. bumetanide/ml. is shown in Fig. 1. A mixture of tetra- 
methylammonium hydroxide and trimethylanilinium hydroxide 
( I  :2) was used for methylation and extraction. Used alone, tri- 
methylanilinium hydroxide resulted in an additional peak in the 
chromatogram, with a peak height dependent on the surplus of the 
reagent. Tetramethylammonium hydroxide gave only one peak; but 
when the reagent was used in a concentration sufficient for extraction 
from urine samples, a very broad reagent peak disturbed the analy- 
sis. 


From a theoretical point of view, the target of the flash-heater 
methylation of bumetanide should be the carboxyl group and the 
sulfonamide nitrogen resulting in methyl 3-n-butylamin~5-dimeth- 
ylsulfamyl4phenoxybemoate (11). Compound 11 was prepared by 
synthesis and proved, by its different retention time, not to be 
identical with the flash-heater methylation product of bumetanide. 
Compound 11, however, resulted in the same retention time as the 
bumetanide derivative in question when injected together with the 
methylation reagent. This indicated that the flash-heater methylation 
of bumetanide is rather more complicated. The gram scale investiga- 
tion of the high temperature reaction of bumetanide with tetra- 
methylammonium hydroxide resulted in the formation of methyl 
3-(N-n-butylanilino)-5-dimethylsulfamyl4hydroxyben~te (111, 
Scheme I) and methyl E(N-n-butylanilino)-S-dimethylsulfamyl-4 
methoxybenzoate (IV, Scheme I). 


IR, TLC, and GLC analyses of IV, together with the 1R and TLC 
analyses of the peak collected from the GLC effluent of bumetanide 
in tetramethylammonium hydroxide, showed the derivative mea- 
sured in this GLC method to be identical with Compound IV. 
Formation of IV involves Smiles rearrangement (8) and methylation 
of the intermediate phenolic hydroxyl of 111. The probable sequence 
of reactions is outlined in Scheme 1. 


Human Volunteer Studies-The mean urinary recovery of bu- 
metanide, excretion of electrolytes, and urinary volume in six 
volunteers after oral administration of 0.5 and 1.0 mg. of the drug 
are presented in Table I. The values during 0-6, 6-24, and 0-24 
hr. after administration and control mean values are given. The 
differences for the 0-6-hr. interval are statistically significant except 
for potassium. 


The histograms in Figs. 2 and 3 depict the excretion of bumetanide 
and corresponding urinary sodium in the urine samples over a 24-hr. 
period following 0.5 and 1 mg. of drug administration, respectively. 


The present data show that the urinary excretion of bumetanide 
is rapid and attains its maximum, in the majority of cases, between I 
and 4 hr. after administration. Excretion is virtually complete after 8 
hr. Apart from two subjects receiving 1 mg. bumetanide, no drug 
was detectable in the urine after 24 hr. The total 48-hr. urinary 
excretion of bumetanide amounted to 35 and 44% for the 0.5-and 
I-mg. doses, respectively. 


After enzymatic hydrolysis of the 1-2-hr. urine samples using 
8-glucuronidase-arylsulfatase', the concentration of bumetanide 


6C. F. Boehringer GmbH., Mannheim, Germany, Catalog NO. 
15241 EGAF. 
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found did not exceed the original level. This indicates that bu- 
metanide is excreted unconjugated in human urine. 


However, the urinary excretion of bumetanide m o t  be con- 
sidered as a measure of orally absorbed drug since a Wary excretion 
of the drug cannot be excluded. Biliary excretion would make the 
results in accordance with the low dose dog assay, where an almost 
equal response to  the drug was obtained after oral and intravenous 
administration. 
The results confirm the marked saluretic and diuretic effect of 


bumetanide after oral administration of both 0.5 and 1 mg. to 
human volunteers and show clearly a parallelism between bu- 
metanide excretion and saluretic action over the total period (Figs. 2 
and 3). 


SUMMARY 


A GLC determination of bumetanide. using flash-heater methyla- 
tion by means of a mixture of tetramethylammonium hydroxide and 
ttimethylanilinium hydroxide, was developed. The flash-heater 
methylation product of bumetanide proved to be methyl 34N-n- 
butylanilino)-S-dimethylsulfamyl-4-methoxybenzoate, formed by 
methylation under simultaneous rearrangement. The GLC detet- 
mination was found to be accurate at concentrations as low as 0.1 
mcg./ml. human urine. In six healthy volunteers, the urinary excre- 
tion of sodium, potassium, and chloride, the urine volume, and the 
urinary -very of bumetanide were determined after oral ad- 
ministration of 0.5 and 1 rng. of the drug. A parallelism between 
bumetanide excretion and saluretic action over the total period of 
response is shown. 
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Influence of Solution Electrolyte Content and 
Dielectric Constant on Drug Adsorption by Kaolin 


N. A. ARMSTRONG’ and C. D. CLARKE* 


AbstrPd 0 The adsorption of benzoic acid and crystal violet on 
kaolin was investigated to  elucidate the influence of the system 
dielectric constant and the electrolyte content on this example of 
drug-adjuvant interaction. The differing results obtained with the 
two adsorbates reflect the dissimilar adsorption sites on the kaolin 
platelet and the different mechanisms involved in the uptake of 
acids and bases on clays. The experimental data presented are 
satisfactorily explained by a consideration of the effect of both the 
dielectric constant and the electrolyte concentration and valency 
on adsorbent and adsorbate characteristics. 


Key- 0 Kaolin, adsorption of benzoic acid and crystal 
violet-location of adsorption sites, influence of dielectric constant 
and electrolyte content 0 Adsorption of benzoic acid and crystal 
violet by kaolin-influence of dielectr‘ic constant and electrolyte 
content 0 Drug-adjuvant interactions-influence of dielectric 
constant and electrolyte content, drug adsorption by kaolin 0 
Dielectric constant, electrolyte content-effect on drug adsorption 
by kaolin 0 Electrolyte content, dielectric constant-effect on drug 
adsorption by kaolin 


Previous papers (1, 2) showed that the Langmuir 
adsorption isotherm represents the adsorption of ben- 
zoic acid and crystal violet on kaolin, and they dis- 
cussed the effect of environmental pH on this equilib- 


rium process. From the results obtained, the probable 
adsorption sites for acidic and basic materials on clays 
were suggested, namely that anionic materials were 
adsorbed on the edge and cationics on the cleavage 
surface of the clay. The significance of such an evident 
drug-adjuvant interaction on preservative efficiency or 
therapeutic potency was briefly discussed. The presence 
of soluble material in a suspension formulation, for 
example as active principle, flavoring, coloring, buffer- 
ing, or peptizing agents will not only influence the 
formulation’s pH but also contribute to the electrolyte 
content of the system. This increase in electrolyte 
concentration will also result in an increase in the 
dielectric constant of the system (3). Both of these 
factors influence the characteristics of the electrical 
doubIe layer of the suspended phase, this double layer 
constituting the area where adsorption and/or ion 
exchange takes place. It was, therefore, considered 
desirable to determine the effect of both the system 
dielectric constant and the electrolyte content (with 
respect to concentration and valency) on the problem of 
drug-adjuvant interaction through investigating the 
influence of these factors on the uptake of benzoic acid 
and crystal violet on kaolin. 
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Relationship of Physicochemical Properties of 
Isomeric Trifluoromethylphenols with Their Bactericidal 
Effect on Escherichiu coli 


J. C. DEARDEN' and G. R. WEEKS 


Abstract 0 The bactericidal activities of isomeric trifluoromethyl- 
phenols against Estherichiu c d i  were found to be in the order: 
m > p > 0. These activities are related to the partition coefficients 
of the compounds between polar organic phases and aqueous buffer 
and these, in turn, are related to hydrogen bonding and polar char- 
acteristics. 


Key phrases 0 Trifluoromethylphenols, isomeric-physicochemical 
properties-bactericidal effect correlation, Escherichia coli, parti- 
tion coefficients, hydrogen bonding, polar characteristics 0 Bac- 
tericidal activity, isomeric trifluoromethylphenols-relationship to 
physicochemical properties, Escherichiu coli 0 Partition coeffi- 
cients, isomeric trifluoromethylphenols-related to bactericidal 
activity 


Many studies have been made of the bactericidal 
activities of halogen-substituted phenols (e.g., 1, 2), but 
these concern only ring-halogenated compounds. In an 
investigation of the bactericidal effectiveness of phenols 
substituted with halogen in a side chain, the effects of 
the three isomeric cr,a,a-trifluoromethylphenols on 
Escherichia coli were examined, and these effects were 
related to certain physicochemical properties of the 
compounds. 


EXPERIMENTAL. 


Materials-The phenols were prepared from the corresponding 
amines by diazotization. and approximately 40 % yields were 
obtained. Purification was effected by vacuum distillation, followed 
in the cases of the o- and pisomers by repeated vacuum sublimation. 
In each case, GC of the purified material on 3% E30 methyl silicone 
gum gave only a single peak. 


The organism used was E. coli (NCIB8114). grown and counted 
on oxoid nutrient agar (pH 7.4) consisting of 0.1% Lab-Lemco, 
0.2% yeast extract, 0.5% peptone, and 0.5% sodium chloride, 
gelled with 1.5% agar. The nutrient agar was made up at six-fifths of 
these concentrations to allow for dilution by the reaction mixture. 


The buffer used for the bactericidal evaluations was Mcllvaine's 
standard buffer solution, prepared from citric acid and disodium 
hydrogen phosphate, at a total concentration of approximately 0.04 


Table I-Bactericidal and Physicochemical Properties of the 
Trifluoromethylphenols 


Property Meta- Para- Ortho- 


Percent w/vconcentration for 0.1 % 0.041 0.069 0.110 


Partition coefficient, oleyl alcohol- 525 393 294 
survival of E. co/iin 10 min. (C) 


buffer, pH 5 


buffer, pH 5 


buffer, pH 5 


Partinon coefficient, methyl oleate- 393 306 220 


Partition coefficient, cyclohexane- 1.45 1.18 2.39 


8.27 8.08 7.74 
AUOE. CC14 to 10% v/v ether in cc14 249 257 269 pKa 


(ciL-1) 
A ~ O E / ~ O H  (free) 
Dipole moment 


0.0690 
2.78 


0.0712 
3.07 


0.0742 
3.29 


M. The pH of the buffer was adjusted to 5.0, since o- and, particu- 
larly, p-trifluoromethylphenols were found to decompose to the 
corresponding hydroxybenzoic acid in aqueous solution above pH 
5.5. 


Methods-Bactericidal evaluation was by the method of viable 
counts. E. coli suspensions were prepared from the washed 24-hr. 
surface growth. The suspensions were diluted with water to give 
about 1 X 10' viable cells/ml. (viability of the initial suspensions was 
45-7573. The reaction mixture was prepared by adding 5 ml. of 
buffered phenol solution to 45 ml. of bacterial suspension. Replicate 
I-ml. aliquot samples were taken from the mixture a t  appropriate 
intervals and immediately diluted appropriately with sterile 0.9 % 
saline to prevent further bactericidal activity. One milliliter of the 
final dilution was added to 5 ml. of melted nutrient agar in roll- 
tubes. The tubes were incubated at 37' for 48 hr. and then counted. 


The pKa values were determined by automatic titration of 0.01 N 
solutions against 0.1 N sodium hydroxide solution on a potentio- 
graph' calibrated at  pH 3.99 and 9.20. It was established spectro- 
scopically that during the time taken(about 1.5 min.) for a titration, 
no detectable decomposition of the o- or pisomers occurred. 


Dipole moments were determined: in benzene solution at 25". Re- 
sults werecalculated by the method of Smith (3). 


Partition coefficients were obtained by measuring concentrations 
spectrophotometrically after thorough mixing of the two phases a t  
25", following the method of Clarke et ul. (4). The aqueous phase 
was Mcllvaine's buffer, pH 5.0, and the nonaqueous phases were 
oleyl alcohol, methyl oleate, and cyclohexane, respectively. 


IR spectra were taken' at a concentration of about 0.05 M so as to 
preclude self-association. Variable pathlength cells with KBr 
windows' were used in the determinations. Frequencies are esti- 
mated to be accurate to +2 cm.-I. 


RESULTS AND DISCUSSION 


The bactericidal and physicochemical properties of the trifluoro- 
methylphenols are given in Table I. 


The bactericidal effects of the isomers, based on a 99.9% kill in 10 
min., are in the order: m > p > 0. This is similar to the findings of 
'Pinney and Walters (2) who showed that the bactericidal effective- 
ness of the monofluorophenols against E .  coli was in the order: 
ni > p = 0. 


The bactericidal effects of the trifluoromethylphenols correlate 
well with their partition coefficients ( P )  between aqueous buffer and 
polar nonaqueous phases (Fig. 1). No such correlation is observed if 
cyclohexane is used as the nonaqueous phase, because o-trifluoro- 
methylphenol has a partition coefficient three times higher than 
would be expected from Collander's ( 5 )  rule relating, for a set of 
congeners, partition coefficients determined using various non- 
aqueous phases. A similar observation was made by Pinney and 
Walters (2) for the monofluorophenols and by Burton et al. ( I )  for a 
number of substituted phenols. The latter workers attributed the 
anomalous partition coefficients of the o-isomers to their intra- 
molecular hydrogen bonding, and they suggested that this gave rise 
to low partition coefficients in hydrogen-bonding solvents because 
of low solute-solvent interaction. 


However, it must be remembered that a partition coefficient is a 
measure of relative, not absolute, solubility. Water is more polar and 
is a better hydrogen-bonding agent than is oleyl alcohol. Since the 


1 Metrohrn E436. 
1 Usjn a Dipolmeter, type DMOI. and a Bellingham and Stanley 


a Grubb-Parsons Spectromaster. 
4 Research and Industrial Instruments Co., London, England. 


Abbe 68. refractometer. 
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Figure 1-Correlation between bactericidal effects and partition 
coegfcients of the isomeric u,a,a-tri~uoromethylphenols. Partition 
coegfcients are between aqueous buffer, pH 5, and oleyl alcohol ( O), 
methyl deate (a), ond cyclohexane (A). Partition coefiients in 
cyclohexane-buffer are shown X 100. 


effect of intramolecular hydrogen bonding is to reduce polarity and 
intermolecular hydrogen bonding, an intramolecularly hydrogen- 
bonded compound should have a higher partition coefficient than 
its pisomer in oleyl alcohol-buffer. 


Nonetheless, the present results and those of Burton et at. (1) show 
that if an &substituted phenol can form an intramolecular hydrogen 
bond, then it generally has a lower partition coefficient than has its 
pisomer in oleyl alcohol-buffer. It is suggested that this is largely 
because the'intramolecular hydrogen bond is ruptured in polar sol- 
vents, and !he compound then distributes itself according to its 
polarity and/or intermolecular hydrogen-bonding ability, which 
must be greater than those of the corresponding pisomer. Table I 
shows that, for the compounds examined here, both the dipole 
moments and hydrogen-bonding ability (as measured by the shift of 
the hydroxyl stretching frequency produced by a hydrogen-accepting 
solvent) are greater for the o-isomer than for the p-isomer. It thus 
becomes clear, as emphasized in Fig. 1, that the partition coefficient 
of an o-isomer, capable of intramolecular hydrogen bonding, is 
anomalous in inert soluent and not, as Burton et al. (1)  suggested, in 
polar solvent. 


A further confirmation of this comes from the isomeric chloro- 
phenols. o-Chlorophenol is known to participate in intramolecular 
hydrogen bonding; yet the solubility of this isomer is greater in water 
(28.5 g. 1.-' at 20") than is that of thepisomer (27.1 g. I.-' at 20"). 
It is, therefore, not surprising that Burton et al. ( I )  found the parti- 
tion coefficient (oleyl alcohol-buffer) and effectiveness against 
Pseudomonas aeruginosa of ochlorophenol to be lower than those of 
the pisomer. 


On the other hand, if an intramolecular hydrogen bond is suffi- 


' Strictly speaking, dipole moments should be determined in a hydro- 
gen-bonding solvent in which weak intramolecular hydrogen bonds 
may be assumed to beruptured. 


Table 11-Partition Coefficients of the Cresols between Certain 
Organic Phases and McIlvaine's Buffer, pH 5 


~ ~ ~~ 


Organic Phase Meta- Para- Ortho- 


Oleyl alcohol 65.1 66.5 74.4 
Methyl oleate 42.2 38.4 57.8 
Cyclohexane 0.74 0.77 1.55 


ciently strong to resist rupture in polar solvent, then the &isomer 
may have the higher biological activity. This is the case for the iso- 
meric nitrophenols. Although partition coefficients are not available, 
aqueous solubility data (o-isomer, 2.1 g. I.-' at 20"; pisomer. 15 
g. at 20") show that the intramolecular hydrogen bond is not 
ruptured in water; Fujimoto (6) showed that the o-isomer is a more 
effective bactericide against Salmonella typhosa. 


If the o-isomer cannot form an intramolecular hydrogen bond, 
then the rank order of partition coefficients should not be affected by 
choice of nonaqueous phase; Table I1 shows this to be the case with 
the isomeric cresols. In all solvent systems, ecresol has the highest 
partition coefficient; and it is significant that Burton et al. (1) 
reported thnt this isomer also has the highest bactericidal effective- 
ness of the three cresols against P. aerrrginosa. 


The pKa values of the isomeric trifluoromethylphenols parallel 
their partition coefficients, i.e., m > p > 0. This is probably fortu- 
itous, since the partition coefficients were determined using buffer at 
pH 5, when all three. isomers would be virtually completely undis- 
sociated. Furthermore, since the bactericidal activities were also 
determined at pH 5. one would not expect the observed small 
difference in pKa to be significant. However, the bactericides act on 
or in the cell, where the pH is about 7.4. Here the extent of ionization 
will be significant; and since primarily it is undissociated phenol 
which acts as bactericide, effectiveness will be a function of pKa. 
Thus, the effect of pKa in this series of compounds is to reinforce, 
at the site of action, the effect of partition in the random walk to the 
site of action. 


In conclusion, solvent systems for the determination of in uitro 
parameters of biological activity must be chosen carefully. Rytting 
et ul. (7) recently argued. from a thermodynamic standpoint, for the 
use of hydrocarbon solvents. However, this could lead to erroneous 
predictions of biological activity, as would have been the case for the 
present results. From a practical viewpoint, we prefer the use of 
polar liquids such as oleyl alcohol or octanol. 
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Prazepam Metabolism in the Rat 


JEAN-PAUL VIAU, JOYCE E. EPPS, and FREDERICK J. Di CARLO' 


Abstract Groups of rats were treated by gavage with 14C-labeled 
prazepam (10 mg./kg.), and the fate of the isotope. was determined 
by measuring the radioactivity in the blood plasma. urine, feces, and 
selected tissues. The half-life of the drug and its metabolites in the 
plasma was found to be 2.5 hr. Twenty-four hours after drug ad- 
ministration, 17.3% of the drug radioactivity was excreted in the 
urine, 33.6% was excreted in the feces, and 35.1 % was present in 
the GI tract. Fractionation of the 24-hr. urine collection showed its 
radioactivity to consist of 14.7 unconjugated compounds, 14.7% 
glucuronides, 52.0% sulfates, and 18.6 unclassified polar com- 
pounds. Unchanged prazepam was identified in the unconjugated 
fraction along with oxazepam and desalkylprazepam. The glucuro- 
nides identified were conjugates of 4'-hydroxydesalkylprazepam 
and 4'-hydroxyoxazepam. The sulfate fraction included 4'- 
hydroxydesalkylprazeparn sulfate and 4'-hydroxyoxazepam sulfate. 


Keyphrases 0 Prazepam, radiolabeled-absorption, excretion, and 
tissue distribution in rats, identification of metabolites 0 Metab- 
olism, radiolabeled prazepam-absorption, excretion, and tissue 
distribution in rats, identification of metabolites 0 Absorption- 
radiolabeled prazepam, rats Excretion-radiolabeled prazeparn, 
rats 


Consistent with the pharmacological activity of 
prazepam in animals (1, 2), the tranquilizer is effective 
in treating a variety of anxiety states in man (3-10). 
Earlier reports dealt with the metabolism of prazepam 
in man (11-13) and the dog (14, 15) and with the bio- 
transformation of prazepam by the 9000Xg fractions 
prepared from human, canine, and rodent livers (13, 
16). The present report describes prazepam metabolism 
in the rat; it covers drug absorption, excretion, and 
tissue distribution and the identification of drug metab- 
olites excreted in the urine. 


EXPERIMENTAL. 


Reference Compounds-Ring-labeled prazepam [7-chloro-l- 
(cyclopropylrnethyl) - 1,3-dihydro - 5 - phenyl - 2H - 1,4 - benzo- 
diazepin-2-0ne-S-~~C] was synthesized with a specific activity of 
1.31 mc./g.; its chemical purity and radiochemical purity were 
>99% (17). Also available were authentic samples of desalkyl- 
prazepam, 3-hydroxyprazepam, oxazepam, 4'-hydroxydesalkyl- 
prazepam. 4'-hydroxyoxazepam, 2-amino-Schlorobenzophenone, 
and 4'-hydroxy-2-amino-5chlorobenzophenone. 


Radioactivity Counting-Quantitative assays for l4C were per- 
formed using a liquid scintillation spectrometer'. The external 
standardization method was employed for quench corrections. 


Animals and Dosing-Male Wistar rats', 280 g. mean weight, 
were treated by gavage with a solution of I4C-prazeparn in poly- 
ethylene glycol 400. The dose was I0 mg./kg. body weight. The 
animals were housed in individual glass metabolic cages without 
food or water during the experiments. Four rats were used to deter- 
mine the half-life of plasma radioactivity, and six animals were 
employed for the tissue distribution, excretion, and biotransforma- 
tion studies. 


Plasma Half-Life-Blood samples were withdrawn by heart 
puncture at the following intervals after dosing: 0.5, I ,  2,4,6, and 
24 hr. The heparin-treated samples were centrifuged in a desktop 


clinical centrifuge for 20 min., and the separated plasma prepara- 
tions were assayed for 14C by scintillation spectrometry. 


Distribution of Drug Radioactivity in Tlssues--Twenty-four 
hours after drug treatment, the rats were killed and selected tissues 
were excised. The fresh tissues were pooled by type, homogenized in 
a blender' with 75% aqueous dioxane. and filtered. The residues 
were extracted twice in the same manner. Aliquots (1.0 ml.) of the 
appropriately combined extracts were counted by scintillation 
spectrometry. 


Fecal and Urinary Excretion-The fecal collections were washed 
from the cages with water and 75% dioxane. The mixtures were 
kept at 40" overnight and filtered. The residues were reextracted 
three times with 7 5 x  dioxane. Then 1.0-ml. aliquots of the com- 
bined filtrates (650 ml.) were counted by scintillation spectrometry. 
After the urine collections were combined with the vessel rinsings 
and diluted to 80 ml., aliquots (0.5 ml.) were counted for radio- 
activity. 


Fractionation of Urinary Drug Metabolites-The fractionation 
scheme is outlined in Scheme 1. It involved: (a)  extraction of un- 
conjugated urinary metabolites, (b) enzymatic hydrolysis of the 
glucuronide metabolites followed by extraction of the aglycones, 
and ( E )  enzymatic hydrolysis of the sulfate metabolites followed by 
extraction of the liberated compounds. The distribution of radio- 
activity among these fractions was determined by scintillation spec- 
trometry. To obtain the unconjugated compounds, the pH of the 
entire urine collection (80 ml.) was adjusted to 7.0 and extracted 
with five 50-ml. portions of ethyl acetate. The combined ethyl 
acetate extracts were then evaporated to approximately 1 ml. for 
TLC. 


After extracting the unconjugated metabolites, the urine was 
brought to pH 5.0-5.5 and incubated for 48 hr. at 37" with 240,000 
units of 0-glucuronidase. Then the pH was adjusted to 7.0 and the 
solution was extracted five times with 40-ml. portions of ethyl ace- 
tate to collect the aglycones. The combined organic phase was 
evaporated to about 2 ml. for TLC. Before liberating the free phe- 
nols from their sulfate conjugates, the ethyl acetate dissolved in the 
extracted urine was removed by aeration. Then the pH of the pool 
was adjusted to 6.8 with 1 N NaOH and treated with 240,000 units 
of 8-glucuronidase-aryl sulfatase. After incubating for 48 hr. at 
37". the solution was extracted five times with 100-ml. portions of 
ethyl acetate. The combined extracts were evaporated to approxi- 
mately 4 ml. for TLC. 


Chromatography-Five solvent systems were used for TLC on 
glass plates coated with silica gel G. The solvents were prepared by 
volume as follows: 206, benzene-ethyl acetate (5:l); 301, heptane- 
chloroform-ethanol (1 :3:1); 306, chloroform-ethanol-acetone 
(8:l :I);  307, chloroform-acetone (9:l); and 309, chloroform-acetic 
acid-methanol (18:l :I) .  All chromatograms were scanned with a 
radiochromatogram scanner' to locate radioactive bands, and the 
areas under the peaks were quantified with a planimeter. The cochro- 
matographic technique for the direct comparison of known and 
unknown compounds was described previously (1 5). 


Hydrolysis of Drug Metabolites and Testing of Split Products for 
Primary Amine and Phenol Groups-The metabolite under investi- 
gation was scraped from TLC plates into a 15-ml. centrifuge tube 
and extracted with 5 ml. of ethyl acetate by shaking the tube for 
30 rnin. Following evaporation to dryness, the eluted material was 
hydrolyzed in 1 ml. of 6 N HCI for 1 hr. at 100" (18). The hydrol- 
ysate was kept ice cold during partial neutralization by the addition 
of 44 mg. of sodium hydroxide (48 mg. required for neutralization). 
The acidic solution was extracted with an equal volume of ethyl 
acetate to collect the 2-amino-5chlorobenzophenones. All of the 
14C was recovered in the ethyl acetate. The extract was concentrated 
to 100 pl. for chromatography. After TLC, the Bratton-Marshall 


* Packard Tri-Carb. model 3324. 
* Marland Farms. 


* Waring. 
4 Packard model 7201. 
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Scheme I -  Plaii.for.fr~tionati,tg arid identifying pruzepam metabolites in rat urine. The unconjuga/edmetabolite fraction, aglycoiie fruction, arid 
desu!futed fruction were submitted to TLC in three solcents. The percentages refer to urinary radioactirity. 


test for primary aromatic amines (19) and the ferric ferrocyanide 
test for phenols (20) were run directly on the chromatograms. 


RESULTS 


Plasma Half-Life, Time Distribution, and Excretion of Prazepam 
Radioactivity-The mean values for plasma I4C following 14C- 
prazepam administration are presented in Fig. 1 in terms of praze- 
pam equivalents per milliliter. The data show that the tranquilizer 
was absorbed rapidly after oral administration to the rat and that 
the peak plasma level of radioactivity was attained within 30 min. 
Figure 1, plotted by the method of least squares, indicates that the 
half-life of plasma 1'C was 2.5 hr. 


Twenty-four hours after drug treatment, the tissues contained 
44.3% of the isotope (Table I). There was no unusual accumulation 
of radioactivity in any of the tissues. The fecal excretion (33.6% of 
the dose) was almost twice the urinary excretion (17.3%), and the 
total recovery of drug radioactivity was 95.2%. 


Fractionation of Labeled Urinary Compounds-Scheme I shows 
that the sulfates comprised more than half of the urinary drug 
metabolites. The other three fractions (unconjugates, glucuronides, 
and unknown polar metabolites) contained the balance in com- 
parable quantities. 


Chromatography-Table 11 lists the RJ values of all of the refer- 
ence compounds in five solvents, and it is evident that their use 
permitted the separation of each listed compound from any other. 
Solvents 301, 306, and 309 were especially valuable for the identifi- 
cation of oxazepam, 4'-hydroxyoxazepam, and 4'-hydroxydesalkyl- 
prazepam. Solvents 206 and 307 gave excellent resolutions of 2- 
amino-Schlorobenzophenonone, 2cyclopropylmethylamino-5- 
chlorobenzophenone, and 4'-hydroxy-2-amino-Schlorobenzophe- 
none. 


IdentiRcation of Labeled Unconjq~ated Compounds-As indi- 
cated in Scheme I, 14.797, of the excreted radioactivity was in the 


Table I-Tissue Distribution and Excretion of 14C after Oral 
Administration of Ring-Labeled Prazepam to Rats (10 mg./kg.) 


Percent of 1'C Dose 
Specimen Found after 24 hr. 


Brain 0.03 
Cadaver 6.98 
GI tract 35.10 
Heart 0.01 
Kidney 0.27 
Liver 1.24 
Lung 0.03 
Spleen 0.65 
Feces 33.6 
Urine 17.3 
Total recovery 95.2 


form of unconjugated compounds. TLC in Solvent 306 revealed the 
presence of five radioactive areas. Unchanged prazepam, identified 
by TLC and its hydrolytic conversion to 2-cyclopropylmethylamino- 
Schlorobenzophenone, accounted for 5 %  of the 14C in the un- 
conjugated fraction (Table 111). With the same techniques the only 
metabolites identified were oxazepam and dcsalkylprazepam, which 
accounted for 55 and 4%. respectively, of the radioactivity of the 
unconjugated fraction. Thus, prazepam, oxazepam, and desalkyl- 
prazepam accounted for 0.7, 8.1, and 0.6%. respectively, of the 
total urinary radioactivity. Unknown metabolites represented 36 % 
of the radioactivity of the unconjugated fraction. 


Identifleation of Labeled Clucuronides-This fraction contained 
14.7 % of the urinary radioactivity (Scheme I). Chromatography of 
IOo-fil. aliquots in Solvent 306 revealed the presence of five radio- 
active peaks. The major peak, comprising 61% of the radioactivity 
of this fraction, was scraped from several plates and eluted with 
ethyl acetate. Rechromatography in Solvent 309 gave rise to three 
peaks. Two of these peaks were identified tentatively as oxazepam 
and 4'-hydroxydesalkylprazepam based upon their chromatographic 
behavior when they were cochromatographed with authentic refer- 
ence compounds in Solvents 301,306, and 309 (Table 11). When the 
aglycone that migrated as oxazepam was hydrolyzed as already 
described, it yielded a labeled split product, which traveled with 
authentic 2-methylamino-5-chlorobenzophenone in cochromato- 
graphic tests conducted in several solvent systems. Additionally, 
the labeled hydrolysis product gave a positive Bratton-Marshall 
test and a negative phenol test. Hydrolysis of the aglycone that 
behaved chromatographically as 4'-hydroxydesalkylprazepam gave 
a product that migrated with synthetic 4'-hydroxy-2-amino-5- 
chlorobenzophenone in all solvent systems. Furthermore, this 
labeled hydrolysis product responded positively to Bratton-Mar- 
shall and phenol tests. 
To collect the third aglycone, the RJ 0.45 zone was scraped from 


a series of plates developed in Solvent 306 and the radioactive 
material was extracted from the gel with ethyl acetate. Upon TLC 
in Solvents 301, 306, and 309, the extracted compound gave the 


Table 11-RJ Values of Reference Compounds 


Compound 


Prazepam 
Desalkylprazepam 
Oxazepam 
4'-Hydroxyoxazepam 
4 '-Hydroxydesalkylprapam 
2-Amino-Sc hlorobenzophenone 
2-Cyclopropylmet hylamino-5- 


chlorobenzophenone 
4'-Hydroxy-2-amino-5- 


c hlorobenzophenone 


-RJ in Solvent- 
206 301 306 307 309 


0.45 - 0.88 0.60 - 
0.11 - 0.72 0.30 - 
0.04 0.70 0.55 0.15 0.65 
- 0.55 0.43 - 0.25 
- 0.68 0.50 - 0.20 


0.77 - 0.90 0.85 - 
0.95 - 0.95 0.97 - 


0.44 - 0.80 0 . 5 5  - 
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Figure 1-Concentrations of prazepam and metabolites in the blood 
plasma of rats. 


same R/ values as 4’-hydroxyoxazepam, and cochromatography did 
not resolve the urinary and synthetic preparations. Hydrolysis of 
the urinary aglycone yielded a phenolic primary aromatic amine, 
which was identified as 4’-hydroxy-2-amino-5~hlorobenzophenone 
by the test procedures already described. 


As shown in Table 111, the radiolabeled urinary glucuronide 
fraction consisted of 39% oxazepam glucuronide, 17% 4’-hydroxy- 
oxazepam glucuronide, 2 2 x  4’-hydroxydesalkylprazepam ghJCU- 
ronide, and 22 % unknown glucuronides. 


Identification of Labeled Sulfates-It can be seen from Scheme I 
that the sulfate fraction accounted for 52% of the urinary radio- 
activity. Chromatography of IOO-pl. aliquots in Solvent 306 showed 
five radioactive peaks. The major peak was scraped from several 
plates and eluted with ethyl acetate. Cochromatography of this 
unknown with 4’-hydroxydesalkylprazepam in Solvents 301, 306, 
and 309 revealed identical chromatographic behavior between the 
unknown and reference compound. Hydrolysis of the main sulfate 
metabolite followed by cochromatography with 4‘-hydroxy-2- 
amino-S-chlorobenzophenone in three solvent systems also showed 


Table III-Qualitative and Quantitative Assay of Urine Collected 
from a Group of Six Rats 24 hr. after “C-Prazepam 
Administration 


Ident iht ion 


Percent of 
Percent of Total Urinary 
Fractions Radioactivity 


Unconjugates 
5 0.7 


E E i g g r a z e p a m  4 0.6 
Oxazepam 55 8.1 
Unknowns 36 5.3 


Oxazepam 39 5.8 
4’-Hydroxyoxazepam 17 2.5 
4 ’-Hydrox ydesalk ylprazepam 22 3.2 
Unknowns 22 3.2 


~ 


14.7 
Glucuronides 


~ 


14.7 
Sulfates 


4 ‘-Hydrox yoxazepam 7 3.6 
4 ’-Hydroxydesalkylprazepam 65 33.8 


14.6 Unknowns 28 - 
52.0 


Unclassified polar compounds 
18.6 loo ~ 


Unknowns 
18.6 
100.0 


a Based u on data obtained with Solvent 306 and resolution of oxaze- 
pam from ~-hydroxydesalkylprazepam with Solvent 309. 


agreement between the hydrolyzed metabolite and authentic 4‘- 
hydroxy-2-amino-5-chlorobenmphenone. This metabolite gave 
positive phenol and Bratton-Marshall tests. 


A peak with an Rj value 0.45 was scraped from several plates 
developed in Solvent 306 and was eluted with ethyl acetate. This 
metabolite was ccchromatographed with 4’-hydroxyoxazepam in 
Solvents 301, 306. and 309. Agreement was observed between the 
unknown metabolite and authentic 4‘-hydroxyoxazepam in all 
cases. Hydrolysis of this metabolite followed by cochromatography 
with 4’-hydroxy-2-amino-Shlorobenzophenone in three solvent 
systems showed agreement between the hydrolyzed metabolite 
and the reference compound. Spraying with the phenol reagent or 
the Bratton-Marshall reagent gave positive tests in both instances. 


Table 111 summarizes these findings. 4’-Hydroxydesalkylpraze- 
pam sulfate accounted for 65% of the radioactivity of this major 
urinary fraction, whereas 4‘-hydroxyoxazepam sulfate represented 
7% of this fraction. Expressed in terms of the total urinary radio- 
activity, 4’-hydroxydesalkylprazepam sulfate accounted for 33.8 Z 
and 4‘-hydroxyoxazepam sulfate represented 3.6 Z. Unknown 
metabolites were present to the extent of 14.6% of the urinary “C. 


DISCUSSION 


Orally administered prazepam was absorbed rapidly by the rat 
and reached plasma levels that were far greater than those found in 
the dog treated with the same dose (14). While the half-time of 
prazepam metabolites in blood plasma was not determined accu- 
rately for the dog, the mean values for man (13) and rat were found 
to be very different, 67 and 2.5 hr., respectively. The urinary excre- 
tion of prazepam by the rat in 24 hr. (17Z) was more similar to 
man(l4%) than to thedog(3Z). 


Scheme I1 illustrates pathways of prazepam metabolism and 
summarizes the urinary excretion of the end-products by rats, dogs, 
and humans. Clearly, the rat showed the most complex pattern of 
prazepam biotransformation. Nine end-products in rat urine ac- 
counted for only 50% of the isotope present. By contrast, three 
metabolites represented 71 % of the drug radioactivity in human 
urine (11) and six end-products represented 90% of the drug in 
dog urine (1 5). 


In humans and dogs, prazepam undergoes aliphatic hydroxyla- 
tion and dealkylation as phase 1 reactions. There is no evidence 
that the rat employs more than one initial attack, namely, dealkyla- 
tion. All of the metabolites identified in rat urine can be derived 
from desalkylprazepam (Scheme 11). This interpretation agrees 
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Scheme 11-Prmepam biotransformation in man, dog, and rat (For clarity, rhe sequences involving 4 ‘-oxidation of prazepam and 3-hydroxy- 
pmzepam were omirted) 


with the results of prazepam metabolism in vitro. Incubating prazc- 
pam with rat liver microsomal enzymes produced desalkylprazepam 
but no 3-hydroxyprazepam even after pretreating the animals with 
prazepam (1 3) and phenobarbital (16). 


Razepam-treated rats and dogs excreted free oxazepam as well as 
oxazeparn glucuronide. Sisenwine ei al. (21) made the same observa- 
tion after administering a high oxazepam dose (40 mg./kg.) to 
rats. One possibility is that the conjugating system became satu- 
rated. However, the absence of unconjugated 4’-hydroxydesalkyl- 
prazepam and 4’-hydroxyoxazepam suggests either that oxazepam 
is a poorer substrate for glucuronyl transferase than these phenolic 
metabolites or that oxazepam glucuronide is more susceptible to 
8-glucuronidase than are the other glucuronides. 


Razepam biotransformation in the rat is further distinguished 
by aromatic hydroxylation and by conjugation with sulfate, reac- 
tions that have not yet been observed in the other species. While it is 
possible that prazepam is hydroxylated directly like diazepam (22), 
this conversion has no present experimental support because 4‘- 
hydroxyprazepam was detected neither in oiuo nor in viiro (13, 16). 
Diazepam also undergoes no aromatic hydroxylation by rat liver 
microsomes (23), although 4‘-hydroxydiazepam was found in rat 
urine (22). It appears that the ability of rat liver microsomes to 
oxidize phenyl groups is inhibited by the benzodiazepine nucleus. 
Marcucci et al. (24) showed that diazepam inhibits the oxidative 


dealkylation of 3-hydroxydiazepam to oxazepam in vitro. A review 
of the metabolism of benzodiazepines in oitro (25)  illustrates the 
emphasis placed upon the enzymology of the liver and leads one to 
consider that the aromatic hydroxylations observed in uivo but not 
in oitro may involve extrahepatic enzymes. 
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Structure Side-Effect Sorting of Drugs I: 
Extrapyramidal Syndrome 


ERIC J. LIEN' and GEDY A. GUDAUSKAS* 


Abstract 0 A computer program using PL/I language was developed 
to sort the side effects of 540 clinically useful drugs. The common 
structural features of the drugs that produce the extrapyramidal 
syndrome are: (a )  the drug contains at least one tertiary amino 
group separated by three carbon atoms from a coplanar hydro- 
phobic region, and (b )  the coplanar hydrophobic region can be a 
phenothiazine ring, its isosteres, or two benzene rings held close 
together (e.g.. trimethobenzamide and haloperidol). Other tran- 
quilizers and anticonvulsants such as diazepam and diphenyl- 
hydantoin are shown to have entirely different structural features. 


Keyphrases 0 Side effects, computer sorting of 540 drugs-ex- 
trapyramidal syndrome related to structure 0 Computer sorting of 
side effects of 540 drugs-extrapyramidal syndrome related to 
structure 0 Structure-activity relationships-features related to 
extrapyramidal side effects, result of computer sorting of 540 drugs 
0 Extrapyramidal syndrome-related to structural features, result 
of computer sorting of side effects of 540 drugs 0 Drug sorting by 
side effects-structure-activity relationships 


In recent years, numerous publications on chemical 
structure-pharmacological activity have appeared in 
various journals (1-13). However, due to several rea- 
sons, little systematic work has been done in sorting 
and correlating undesirable side effects of various drugs 
with their chemical structures. One reason is that side 
effects are usually more variable and more difficult to 
measure than the major pharmacological effect. In 
addition, when several drugs are concurrently adminis- 
tered to a patient, it is not easy to pinpoint the agent 
causing the most undesirable side effect or to detect the 
presence of drug interactions. 


Many potentially useful drugs are not used primarily 
because of the severity of their side effects, not because 


of the lack of efficacy. On the other hand, there are many 
instances of an annoying side effect promoted later to 
be an appreciated therapeutic effect, such as the de- 
velopment of oral antidiabetic drugs from the observa- 
tion of hypoglycemia in patients treated with certain 
sulfonamides. Therefore, it was considered worthwhile 
to employ a computerized program to sort the side 
effects of all clinically useful drugs and to correlate these 
effects with the chemical structure. It is believed that any 
effect of a drug, desired or undesired, direct or indirect, 
is determined by its physicochemical properties which 
are, in turn, governed by its structure. 


This report discusses the structural features of the 
drugs known to cause extrapyramidal syndrome and 
why other tranquilizers (e.g., diazepam) do not cause 
this side effect. Extrapyramidal syndrome consists of 
parkinsonian-like symptoms (e.g., tremors, rigidity, and 
salivation), akathisia (a psychosis marked by an inabil- 
ity to sit still or to remain seated), and akinesia (loss of 
the power of voluntary motion). 


METHOD 


A data bank consisting of 540 clinically useful drugs (14-17) was 
established, and each side effect is represented by a unique three- 
digit hexadecimal code. The name of the side effect associated with 
each code is stored separately in another file, the symptom file. 
The code is also the key for each record, allowing direct retrieval of 
the name. 


A program was developed', using the PL/I language (18, 19). 
which allows the data bank to be sorted by individual side effect 


1 A listing of the program is available upon request. 
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Factors Affecting Release of solubility of hard gelatin capsules unless accompanied 
by a lowering of the temperature of the stomach's con- 
tents. Medicaments from Hard Gelatin Capsules 


Keyphraees 0 Drug release from hard gelatin Capsules-9kt of 
temperature and pH 0 Capsules, hard g e l a t i d e c t  of tempera- 
ture and pH on drug release 0 Dissolution, hard geldtin capsules- 
d e c t  of temperature and pH 


Sir: 


In a recent communication, it was suggested that de- 
creased absorption of encapsulated tetracycline when 
administered concurrently with antacids was due to  the 
insolubility of the gelatin capsules (1). The authors 
investigated the dissolution of tetracycline capsules at 
pH 1-9 and found that the capsules disintegrated in 
acidic media but remained intact in basic media. Al- 
though no mention was made of temperature, the study 
was apparently conducted at room temperature. Be 
cause it is not unusual to administer antacids with a 
number of encapsulated drugs, this finding gives rise to 
a number of unfavorable implications. 


An attempt was made to reproduce the authors' re- 
sults in a similar experiment in which size 0 gelatin 
capsules were filled with amaranth and added to solu- 
tions whose pH ranged from 1.2 to 9.0. Prolonged re- 
lease times were obtained at pH greater than 1.2. The 
capsules did not dissolve or disintegrate to release their 
contents; instead they swelled and the two halves of the 
capsules pulled apart. 


It was decided to do more closely controlled experi- 
ments using 250-mg. chloramphenicol capsules made 
with a gelatin band around the center'. This band pre- 
vented the halves of the Capsule from separating. For 
the drug to be released, the capsules would have to dis- 
integrate and/or dissolve. 


The capsules were added to a 600-ml. beaker contain- 
ing 300 ml. of 0.05 M phosphate buffer at varying pH. 
The solutions were stirred at 60 r.p.m. with a Plexiglas 
paddle, 4.6 X 2.6 X 0.1 cm. The time required for the 
capsules to break open was recorded at 22.5 and 37.0'. 


At body temperature, varying the pH (1.2-9.0) did 
not affect the average release time (120.7 f 6.5 sec.) of 
the capsules. However, at room temperature, pH did 
affect the release times. The average release times at pH 
1.2, 3.0, and 9.0 were 51, 38, and 320 min., respectively. 
At pH 5.0 and 7.0, the capsules remained intact after 
24 hr. 


From these data it appears that temperature is the 
major determinant in the disintegration and/or dissolu- 
tion of gelatin capsules. The temperature of the stomach 
is normally about 36". This temperature can be lowered 
by eating such things as ice cream, but the temperature 
returns to normal within 30 min. (2). It is unlikely that 
this variation in stomach temperature would frequently 
interfere with the release of encapsulated medications. 
Also, it is clear that raising the gastric pH does not, as 
the authors suggest, affect the disintegration and/or 


(1) G. R. Elliot and M. F. Amstrong, ClLn. Pharmacd. Ther., 
13.459(1972). 


(2) J.. G. .Wagner, "Biopharmaceutics and Relevant Pharma- 
cokinectics," Drug Intelligence Publications, Hamilton, Ill., 1971, 
p. 5. 
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Batch Production of Pharmaceutical 
Granulations in a Fluidized Bed 111 : 
Binder Dilution Effects on Granulation 


Keyphrases 0 Granulation, fluidized bed-e.ffects of binder dilu- 
tion on granule properties 0 Binder dilution effect-fluidized-bed 
granulation 


Sir: 
Previous reports (1, 2) were concerned with process 


variables in the operation of a fluid-bed spray granu- 
lator' and the effects of various binders and their con- 
centrations on the physical properties of fluidized-bed 
granulations and tablets compressed from these granu- 
lations. The present communication describes the 
effects of two aqueous dilutions of various formula 
weights of gelatin binder on the physical properties of 
fluidized-bed granulations. 


Successful granulation in a fluidized bed results pri- 
marily from a balance of material input and output 
(3, 4) which is determined by operational factors such 
as the rate of binder addition, fluidizing air tempera- 
ture, and volume and nozzle height with respect to the 
fluidized solids (1). In addition, further studies showed 
that the quantity of binder solvent used for fluidized- 
bed granulating may be equally influential. Since the 
quantity of solvent used in preparing a binder solution 
may often be arbitrary, depending upon solution vis- 
cosity, binder solubility, desired granulating cycle time, 
erc., the influence of the solvent quantity on the physical 


, .  


Parke-Davis. Lot No. P16907A. 1 Glatt model WSG-IS, Fa. W. Glatt, Haltingen, West Germany. 
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Table I-Physical Properties of Fluidized-Bed Granulations Prepared from Various Formula Weights and Aqueous Dilutions 
of Gelatin Binder4 


Formula Weight- 
-2.75 W/W- -3.50% wlw- - - - - 4 . 2 5 %  wlw- 


Physical Properties 2.05 4.05 2.05 4.0s 2.05 4.05 


Average granule size, p 299 287 328 317 367 351 
Friability, Z 11.3 6.6 10.2 7.2 8 .2  6.9 
Bulk density, g./ml. 0.39 9.45 0.36 0.42 0.34 0.39 
Granule density, g./ml. 1.492 1.480 1.487 1.472 1.479 1 A71 


Flow rate, g./min. 127.5 156.8 105.9 129.6 93.5 116.5 
Interparticulate porosity, % 74.3 69.6 75.8 71.5 77.0 73.5 


4 For comparison purposes, results of the hy.aical propertic? of granulations prepared with 2.0 kg. of distilled water as the binder dilution factor 
are reprinted from Reference 2. *Aqueous df;uuon factor m lulograms. 


properties of the final granulation should be investi- 
gated. The following formulation was manufactured in 
10-kg. batches in the fluid-bed granulator: 


x wlw 
lactose USP 85.25-86.75 
starch USP 10.00 
gelatin USP 2.75-4.25 
magnesium stearate USP 0.50 
distilled water - 


Three formula concentrations (2.75, 3.50, and 4.25 z 
w/w) of gelatin binder were selected, and two aqueous 
dilution factors (2.0 and 4.0 kg. distilled water) were 
utilized in preparing the binder solution at each con- 
centration. Preparation of the binder solutions, granu- 
lation and drying procedures, and the fluid-bed spray 
granulator were extensively discussed previously (1, 2) 
along with the methods employed in determining average 
granule size, granule friability, loose bulk density, 
granule density, interparticulate porosity, and flow 
rate. 


The effects on the granulation’s physical properties 
of various formula weights of gelatin binder dissolved 
in 2.0 and 4.0 kg. of distilled water are illustrated in 
Table I. Since the effects of the formula binder weight, 
i.e., 2.75-4.25 % (w/w), on the physical properties of 
fluidized-bed granulations were discussed in a previous 
paper (2), only the effects of the quantity of water uti- 
lized in binder solution preparation are now interpreted. 
Those binder solutions prepared with 4.0 kg. of dis- 
tilled water were approximately one-half the concentra- 
tions of their respective solutions made with 2.0 kg. of 
water. Since this dilution doubles the binder solvent 
employed in the granulation operation, the lack of any 
significant influence on the average granule size implies 
that water, alone, would be a poor granulating agent 
for these particular formulations. In fact, a slight de- 
crease in the average granule size was noted on dilution 
of each of the three formula binder concentrations. 
Presumably, this may be attributed to a decrease in the 
binder solution’s tackiness or adhesiveness. 


The most significant changes in the physical prop- 
erties affected by binder dilution were found in granule 
friability and bulk density. It is obvious from the data 
presented in Table I that the granule size was most 
affected by the formula binder concentration, i.e., 2.75- 
4.25 (w/w), while granule friability was most influ- 
enced by aqueous binder dilution, i.e., 2.0-4.0 kg. water. 
This development is significant since weak granulations 
may be made less friable simply by further diluting the 
binder solution prior to its addition in the granulating 


cycle. This effect of strengthening granules may be 
somewhat correlated with previous investigations (l), 
where similar results were observed by increasing the 
penetration and wetting of the fluidized solids by the 
binder solution. 


Dilution of the binder solution with an additional 
2.0 kg. of water (4.0-kg. total) increased the bulk density 
of the granulation similarly by prolonging the exposure 
of the fluidized solids to the binder solution. This 
method of increasing granule strength and density by 
further diluting the binder system has one noted dis- 
tinction from previously reported methods (I), i.e., in- 
creasing binder solution addition rate, decreasing binary 
nozzle atomization pressure, decreasing inlet air tem- 
perature, etc. These latter process changes all resulted 
in significant increases in the average granule size; this 
particle growth was not observed when granulating 
with the less adhesive diluted binder solutions. 


The differences observed in the granule densities were 
small. Since granule density is a measure of the en- 
trapped air within the interstices of the granules, it may 
be concluded that the intraparticulate void spaces of 
the granules were unaffected by binder dilution. The 
increased flow rates of granulations manufactured from 
equal but diluted formula binder concentrations are 
associated with the decreased porosities of these more 
dense granulations. 


In summary, while binder dilution has insignificant 
effects on the average granule size and granule density 
of granulations manufactured in a fluid-bed spray 
granulator, considerable influence was observed on 
granule friability, bulk density, interparticulate porosity, 
and, thus, on flow rate. 


(1) W. L. Davies and W. T. Gloor, Jr., J.  Pharm. Sci., 60, 1869 


(2) Ibid., 61, 618(1972). 
(3) M. W. Scott, H. A. Lieberman, A. S. Rankell, and J. V. 


(4) A. S. Rankell, M. W. Scott, H. A. Lieberman, F. S. Chow. 


(1971). 


Battista, J.  Pharm. Sci., 53, 314(1964). 


and J. V. Battista, ibid., 53, 320(1964). 


WILLIAM L. DAVIES* 
Pharmaceutical Research Division 
The Norwich Pharmad CO. 
Norwich. NY 13815 


WALTER T. GLOOR, Jr. 
Creighton University 
Omaha, NB 68131 


Received May 3, 1972. 
Accepted for publication October 4, 1972. 
A To whom inquiries should be directed. 


Vd. 62, No. I ,  January 1973 0 In 








found did not exceed the original level. This indicates that bu- 
metanide is excreted unconjugated in human urine. 


However, the urinary excretion of bumetanide m o t  be con- 
sidered as a measure of orally absorbed drug since a Wary excretion 
of the drug cannot be excluded. Biliary excretion would make the 
results in accordance with the low dose dog assay, where an almost 
equal response to  the drug was obtained after oral and intravenous 
administration. 
The results confirm the marked saluretic and diuretic effect of 


bumetanide after oral administration of both 0.5 and 1 mg. to 
human volunteers and show clearly a parallelism between bu- 
metanide excretion and saluretic action over the total period (Figs. 2 
and 3). 


SUMMARY 


A GLC determination of bumetanide. using flash-heater methyla- 
tion by means of a mixture of tetramethylammonium hydroxide and 
ttimethylanilinium hydroxide, was developed. The flash-heater 
methylation product of bumetanide proved to be methyl 34N-n- 
butylanilino)-S-dimethylsulfamyl-4-methoxybenzoate, formed by 
methylation under simultaneous rearrangement. The GLC detet- 
mination was found to be accurate at concentrations as low as 0.1 
mcg./ml. human urine. In six healthy volunteers, the urinary excre- 
tion of sodium, potassium, and chloride, the urine volume, and the 
urinary -very of bumetanide were determined after oral ad- 
ministration of 0.5 and 1 rng. of the drug. A parallelism between 
bumetanide excretion and saluretic action over the total period of 
response is shown. 
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Influence of Solution Electrolyte Content and 
Dielectric Constant on Drug Adsorption by Kaolin 


N. A. ARMSTRONG’ and C. D. CLARKE* 


AbstrPd 0 The adsorption of benzoic acid and crystal violet on 
kaolin was investigated to  elucidate the influence of the system 
dielectric constant and the electrolyte content on this example of 
drug-adjuvant interaction. The differing results obtained with the 
two adsorbates reflect the dissimilar adsorption sites on the kaolin 
platelet and the different mechanisms involved in the uptake of 
acids and bases on clays. The experimental data presented are 
satisfactorily explained by a consideration of the effect of both the 
dielectric constant and the electrolyte concentration and valency 
on adsorbent and adsorbate characteristics. 


Key- 0 Kaolin, adsorption of benzoic acid and crystal 
violet-location of adsorption sites, influence of dielectric constant 
and electrolyte content 0 Adsorption of benzoic acid and crystal 
violet by kaolin-influence of dielectr‘ic constant and electrolyte 
content 0 Drug-adjuvant interactions-influence of dielectric 
constant and electrolyte content, drug adsorption by kaolin 0 
Dielectric constant, electrolyte content-effect on drug adsorption 
by kaolin 0 Electrolyte content, dielectric constant-effect on drug 
adsorption by kaolin 


Previous papers (1, 2) showed that the Langmuir 
adsorption isotherm represents the adsorption of ben- 
zoic acid and crystal violet on kaolin, and they dis- 
cussed the effect of environmental pH on this equilib- 


rium process. From the results obtained, the probable 
adsorption sites for acidic and basic materials on clays 
were suggested, namely that anionic materials were 
adsorbed on the edge and cationics on the cleavage 
surface of the clay. The significance of such an evident 
drug-adjuvant interaction on preservative efficiency or 
therapeutic potency was briefly discussed. The presence 
of soluble material in a suspension formulation, for 
example as active principle, flavoring, coloring, buffer- 
ing, or peptizing agents will not only influence the 
formulation’s pH but also contribute to the electrolyte 
content of the system. This increase in electrolyte 
concentration will also result in an increase in the 
dielectric constant of the system (3). Both of these 
factors influence the characteristics of the electrical 
doubIe layer of the suspended phase, this double layer 
constituting the area where adsorption and/or ion 
exchange takes place. It was, therefore, considered 
desirable to determine the effect of both the system 
dielectric constant and the electrolyte content (with 
respect to concentration and valency) on the problem of 
drug-adjuvant interaction through investigating the 
influence of these factors on the uptake of benzoic acid 
and crystal violet on kaolin. 
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Figure 1-Efect of electrolyte concen;ration and valency on the 
adsorption of benzoic acid on kaolin (pH 4.8). Key: 0, sodium 
chloride; 8 ,  sodium sulfate; and a, sodium citrate. 


EXPERIMENTAL 


Materials-Benzoic acid (Analar grade), crystal violet, sodium 
salts, and ethanol (reagent grade) were used without further purifi- 
cation. Light kaolin (BP quality) was dried at 100" (3 hr.), blended 
thorouely, and stored in sealed containers. The weight mean diam- 
eter of the kaolin was 3.3 pm. (sedimtntation balance), the surface 
area was 11.2 m.'g.-l (nitrogen adsorption1), and the cationex- 
change capacity was 10.3 meq./100 g. of clay (ammonium acetate 
method). 


Influenre of Electrolyte Concentration on Adsorption-Benzoic 
Acid-One hundred milliliters of a solution containing benzoic acid 
(40 mg.) in sodium chloride of strengths 0.001,0.01, and 0.1 M was 
added to flasks containing kaolin (20 g.). Duplicate determinations 
were carried out in each case. After agitation at 24 f 0.5' for 24 hr. 
and centrifugation at 10,OOOxg (2 min.), the supemate was diluted 
with 0.1 N hydrochloric acid and the bnzoic acid concentration was 
determined spectrophotometrically at 275 nm. Solutions of benzoic 
acid were shown to obey Beer's law, and it was demonstrated that 
the presence of sodium chloride did not interfere with the assay 
procedure. 


Crystal Violet-To flasks containing kaolin (2 g.) was added 100 
ml. of solution containing crystal violet (50 mg.) and 1 w/v 
disodium ethyknediaminetetratate (I) (1 ml.) in sodium chloride 
solutions of strengths O.OOl,O.Ol, and 0. I M. The sequestering agent 
was included to maintain the salts of soil cations in solution, which 
otherwise have only low Water solubility. After agitation at 24 
f 0.5" for 12 hr., a portion of the suspension was centrifuged at 
1O.ooOXg (2 min.). The supernate was then examined for dye 
concentration by speetrophotometric assay at 590 nm. It also was 
examined for magnesium content by atomicabsorptionspectroscopy, 
since it was previously shown (1) that cation exchange is the major 
mechanism for dye uptake by kaolin. Solutions of crystal violet were 
previously found to obey Beet's law, and it was also shown that the 
presence of sodium chloride and I did not interfere with the assay 
methods. 


0.01, and 0.1 M concentrations of sodium chloride, sodium sulfate, 
and sodium citrate on the uptake of benzoic acid and crystal violet 
on kaolin was investigated. The procedure followed was as de- 
scribed above. 


Inflwce of Dielectric C d t  Oll Adsorption-Solutions of the 
adsorbate were prepared in solvents of differing water-ethanol 
proportions, thus providing a range of dielectric constants from 33.6 
to 8 I .7. 


Benzolc Acid-Benzoic acid (10 mg.) was dissolved in a water- 
ethanol mixture (100 ml.), the cohcentrations of ethanol being 0,25, 
50, 75, and 95% v/v. Kaolin (20 g.) was then added; and after 
equilibration, centrifugatioo, and dilution, the benzoic acid 
concentration of the supernate was spectroscopically determined. 
Duplicate determinations and appropriate blanks were used. 


Infl~enee of FJ-OtyN Type on Adsorption-The effect of 0.001, 


I Perkin-Elmer, Shell Sorptometer, model 212D. 
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Figm 2-Wect of electrolyte concentration and valency on the 
uptake of crystal oidet on kaolin (pH 5.6). Key: 0, sodium chloride; 
8 , sodium sulfate; and a. sodium citrate. 


Crystal Violet-Crystal violet (50 mg.) and I (100 me.) were dis- 
solved in a waterethanol mixture (100 ml.), the concentrations of 
ethanol being identical to those already described. Kaolin (2 g.) was 
then added; and after equilibration and centrifugation, the super- 
nate was assayed for dye and magnesium content. Higher alcohol 
concentrations affected the determination of magnesium by atomic 
absorption spectroscopy, but this was corrected by use of a calibra- 
tion curve of atomic absorption spectroscopic readings of known 
magnesium concentrations in the presence of alcohol. 


RESULTS AND DISCUSION 


The molecular structure of kaolin, AlrSi401dOH)a is composed of 
two basic units and is well documented (4, 5). One unit is an octa- 
hedron of oxygen atoms (or hydroxyl groups) surrounding a central 
aluminum atom, which forms a continuous sheet through the shar- 
ing of oxygen atoms of identical adjacent units. The second unit is 
composed of four oxygen atoms situated at the corners of a regular 
tetrahedron, with a silicon atom in the center. The atoms at the base 
of the tetrahedra are shared by neighboring modules, and the two 
basic units are joined such that the apexes of the tetrahedron and the 
top layer of the octahedron form a common plane (6). The origin 
and nature of the electrostatic charges to which the adsorptive 
capacity of the clay has been attributed and the variation of these 
charges with pH were discussed elsewhere (2.3). It has been pointed 
out that the kaolin lamella has two distinct areas for adsorption: the 
kaolin edge surface and the larger cleavage plane surface. 


Influence of Electrolyte Concentration and Valency on Adsorp 
tion-Beprrzoic Acid-The adsorption of benzoic acid on kaolin is 
markedly influenced by the electrolyte content of the system (Fig. I),  
with sorption of the preservative decreasing with an increase in 
sodium chloride concentration. A valency increase of the electrolyte 
anion also further depresses the adsorption of benzoic acid on the 
clay. 


Chloride, fluoride, and oxalate ions are known to be adsorbed on 
the edges of kaolin particles (7-9) because of their affinity for lattice 
aluminum. Moreover, phosphate anions are stated to be edge 
adsorbed on clays (10, 11). such phosphate adsorption being pro- 
gressively reduced in systems of increasing saline concentrations (1 2). 
Citrate ions are also claimed to be edge adsorbed by clay minerals, 
the affinity of the anion for the adsorption site being greater than that 
of chloride ions, so that citrate is capable of displacing previously 
held chloride ions from the positive sites occurring on the edge of the 
kaolin platelet (1 3). 


The results discussed in a previous article (2) strongly suggest that 
the adsorption of benzoic acid on kaolin is mediated through the 
attachment of the negatively charged benzoate anion to sites of 
positivecharge occurring on theedgeof the kaolin particles. Since the 
results of other workers, as briefly reviewed here, also indicate the 
edge adsorption of other anionic species, it seems reasonable to 
assume that insystemscontaining benzoicacid andother anionogenic 
material, competition will exist between the benzoate and other 
anions present for the available adsorption sites on the clay. 
Increasing the concentration of the added salt will favor its prefer- 
ential sorption and, therefore, reduce the likelihood of vacant sites 
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Figure &Effect of electrolyte concentration and oalency on the 
liberation of magnesium from kaolin at p H  5.6. Key: 0, sodium 
chloride; 0 ,  sodium sulfate; and a, sodium citrate. 
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existing for benzoate anion wrption. The depressive effect of increas- 
ing the valency of the added anion is considered to  result from its 
increased affinity for the adsorption sites, the affinity of binding 
being citrate > sulfate > chloride. 


Crystal V i d e t A n t r a r y  to its effect upon the adsorption of 
benzoic acid, an increase in the electrolyte content of the system 
raises the amount of dye taken up by kaolin (Fig. 2). The extent of 
dye removed from solution is also further increased with an increase 
in the valency of the added salts (Fig. 2). Blaug and Gross (14) 
obtained similar results for the adsorption of methantheline bromide 
by antacids in systems of varying electrolyte conditions. 


Since it has been demonstrated that crystal violet uptake on 
kaolin is mediated through two distinct mechanisms, namely a 
cationexchange process and physical adsorption (l) ,  it is necessary 
to determine the influence of added electrolyte on each of these 
mechanisms to explain the overall increase in dye uptake. 


The distribution of ions in the electrical double layer is a function 
of the electrolyte content of the bulk solution, the diffuse counterion 
atmosphere being compressed toward the surface with increasing 
bulk electrolyte concentration. The effect of the electrolyte addition 
on the surface potential and the surface charge of the particle de- 
pends on the type of double layer. With most hydrophobic colloids. 
the double layer is created by the adsorption of potential-determin- 
ing ions when the magnitude of this potential is not aKected by the 
addition of an indifferent electrolyte, providing the presence of the 
electrolyte does not influence the activity of these potential-deter- 
mining ions. For this type of double layer, therefore, the surface 
charge of the particle increases with increasing indifferent electrolyte 
concentration, and the surface potential remains constant. 


The electrical double layer on the cleavage surfaces of kaolin is of 
a different type, since this surface has a constant charge solely 
determined by the type and degree of isomorphous replacement of 
metal cations within the lattice. The charge density of the layer 
surface is, therefore, independent of the presence of electrolytes in 
suspension (1 5). However, an increase in bulk electrolyte concentra- 
tion decreases the surface potential and the I-potential due to the 
compression of the double layer, which, in turn, favors a decrease in 
the amount of dye held by physical adsorption. This effect is small, 
since the added anions are of the same sign as the surface charge. 
On this basis, the uptake of dye should lessen with an increase in the 
bulk electrolyte concentration. 


The results shpwn in Fig. 2 indicate an overall increase in dye 
uptake with increased electrolyte content. It is considered that the 
influence of the added salts on the cation-exchange process must be 
responsible for this, the ionexchange mechanism being responsible 
for the greater part of the total amount of dye held by kaolin ( I ) .  
Increasing both electrolyte concentration and valency produces an 
increase in ion exchange, as indicated by the presence of magnesium 
ions in the suspending medium (Fig. 3). This increased exchange of 
sodium for divalent ions produces an increasingly negative charg on 
the clay, leading to  increased dye uptake. 


Sorby et al. (16) noted the increase of promazine adsorption on 
kaolin and talc from solutions of increasing sodium chloride 
concentration. These authors commented that sodium ions, as well 
as promazine, compete for the anionic sites on the kaolin surface; 


0.4 1 '\ 


0 
30 40 50 60 70 80 


DIELECTRIC CONSTANT 


Figure 4-Variation in the adsorption of benzoic acid on kadin with 
the dielectric constant of the suspension medium. 


thus the addition of large amounts of sodium ion would be expected 
to decrease the extent of promazine adsorption if ionexchange 
mechanisms were solely responsible for uptake. They concluded that 
since adsorption of the phenothiazine derivatives was actually 
increased in systems of high electrolyte concentration, ion exchange 
cannot be the only mechanism of adsorption. They suggested that 
the sodium chloride may be exerting its action through effects on the 
solubility of the promazine or on the physical properties of the 
adsorbent. This argument ignores the influence of the exchange of 
univalent sodium for counterions of higher valency 00 the imbalance 
of charge on the clay surface. 


The observed increase in uptake on kaolin of positively charged 
crystal violet from solutions of increasiag electrolyte concentration 
is, therefore, concluded to be due to the increase in the negative 
charge on the clay surface due to the exchange of divalent compen- 
sating cations on the clay surface for the added sodium ions. 


Elcect of Dielectric Constant on 4dsorption-Benzoic Acid-The 
adsorptlon of benzoic acid on kaolin shows a linear increase in u p  
take with a decrease in the dielectric constapt of the suspension 
medium (Fig. 4). 


Crystal Videt-Contrary to  what was observed for benzoic acid 
adsorption, the overall uptake of crystal violet by kaolin shows a 
linear decrease with decreasing dielectricconstant of the suspending 
medium (Fig. 5). To determine whether this was due to the efFect of 
the dielectric constant on ion exchange or physical adsorption, the 
extent of the magnesium replacement under these conditions was de- 
tewined. The ionexchange process, as indicated by the appearance 
of magnesium in the clay supernate, was markedly increased with an 
increase in the ethanol proportion (Fig. 6); that is, although the 
total uptake of dye progressively diminished in systems of lowering 
dielectric constant, the degree of ion exchange occurring increased 
under these conditions. 


The use of ethanol-water mixtures in differing proportions to 
achieve a range of solvent dielectric constants introduces many 
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the dielectric constant of the suspension medium. 
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Figure blnfluence of the dielectric constam of the suspension me- 
dium on the liberation of magnesium fmm kaolin. 


variable and confusing factors, so the role of the dielectric constant 
becomes very difficult to identify. Such water-ethanol solutions 
can influence the characteristics of both adsorbent and adsorbate. 


Influence of Water-Ethanol Mixtures on Adsorbent Character- 
istics-With a decreasing dielectric constant of the system, the 
diffuse counterion atmosphere surrounding the clay particle is conk 
pressed toward thc particle surface, thereby reducing the value of 
the ppotential and the surface potential (15). The potential reduo 
tion might be expected to diniinish the force of attraction between 
the surface and the adsorbate, leading to a decrease in the amount of 
drug held by physical adsorption. Indeed, Coulomb’s law relates the 
force of attraction between two charged surfaces, q1 and gr, separated 
by a distance, r, to the medium dielectric constant, D, by the rela- 
tionship: 


force of attraction = f$ 
A further effect on the adsorbent is the possible preferential adsorg 
tion of alcohol by the clay which may result in displacement of the 
zero point of charge (1 5). 


Furthermore, increasing concentrations of ethanol alter the 
viscosity and surface tension of the system when the inc- 
wetting of the solid by solutions of decreasing surface tension might 
favor increased sorption through enhanced adsorbent-adsorbate 
contact. 


hfluence of’ Water-Ethunol Mixtures on AdPorbate Character- 
istics-The degree of solvation of h e  ions in the system ( i , ~ . ,  their 
effeclive size) is reduced in solutions of increasing ethanol coircentra- 
tion, this effect favoring better adsorbent-adsorbate contact. 


Ionization and dissociation of the adsorbates are depressed in 
conditions of low medium dielectric constant. 


AU of these considerations are simultaneously influencing the 
adsorbent-adsorbate system; hence, pending further investigations, 
a possible valid explanation can only be tentatively proposed for the 
results obtained in this study. 


On the basis of previously discussed experimental evidence (2). 
the adsorption of benzoic acid on kaolin is considered to be medi- 
ated through the attachment of benzoate anions to the positive 
adsorption sites located on the edge of the clay particles. However, 
although dissociation of the acid to benzoate anion is depressed in 
solutions of low dielectric constant, adsorption is greatest under 
these conditions (Fig. 4). It is, therefore, to be assumed that these 
experimental results reflect the increased force of adsorbent- 
adsorbate attraction under conditions of low dielectric constant as 
expressed by Coulomb’s law, this taking dominance over the other 
aqueous ethanol effects in the system. 


The uptake of dye is more complex. involving as it does the 
mechanisms of cation exchange and physical adsorption. The total 
amount of dye taken up by the kaolin is seen to decrease with B 


deaeased medium dielectric constant (Fig. S), and this may be due 
to the suppression of dye ionization and dissociation in these solu- 
tions. However, a decrease ip dye uptake is accompanied by a 
marked increase in ion exchange, a seemingly contradictory situa- 
tion. Although ion-exchange mechanisms in aqueous systems have 
been well documented, little work appears to have been done on 
exchange in organic or mixed solvent systems, and the data available 
are often of a conflicting nature. 


It is stated (17) that smaller ions will be more tightly held to the 
exchange surface than larger ions. In solutions of increasing etha- 
nolic concentration, the ionic radius of the exchanging sodium and 
magnesium ions decrease as the ions become less hydrated. Grim 
(18) claimed that in alcohol, exchangeable cations are held in the 
order of their true (nonhydrated) ionic size; magnesium was ob- 
served to have a smaller ionic radius than sodium (19) and, therefore, 
was less likely to be replaced. The results obtained in the study m 
contrary to this observation. 


Moody and Thomas (20) observed that the use of ethanol in a 
solvent system influences the degree of selection of a cation ex- 
changer toward the available ions in the ambient solution. Wiegner 
and Jenny (21) studied ion exchange between a calcium zeolite and 
various alkali chlorides dissolved in aqueous ethanol, and they 
observed that more sodium ions passed on to the exchanger as the 
concentration of ethanol was increased. Other workers (22-24). 
using synthetic cationexchange resins (hydrogen form) in aqueous 
ethanol systems, noted an increased exchange of sodium-hydrogen 
with an increasing ethanol content of the system. 


From the results of this study and the observations of previous 
workers, it seems reasonable to suggest that the selectivity of the 
clay toward exchangeable cations in the surrounding solution is 
strongly influenced by the ethanol concentration of the system. The 
theory is advanced that with an increasing ethanol concentration, 
the kaolin shows a greater affinity for cation exchange involving 
sodium ions in preference to  those of the dye species. This would 
produce an increasing negative charge on the clay and, therefore, 
promote increased crystal vislet uptake by physical adsorption. 
However, cation exchange represents the major mechanism in dye 
uptake by kaolin; with increased exchange of solution sodium ions, 
the participation of the dye in this process is suppressed, resulting in 
the overall decrease in dye uptake in solutions of decreasing dielec- 
tric constant. 
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Determination of Total Salicylates, Phenacetin and/or 
Total N-Acetyl-paminophenol, and Caffeine in 
Biological Samples and Analgesic Formulations 


HIRA L. GURTOO’ and BARRIE M. PHILLIPS 


Abstmct 0 An analytical method was developed for the deter- 
mination of phenacetin (apparent phenacetin), total salicylate 
(aspirin, salicylic acid, and its conjugates), total N-acetyl-pamino- 
phenol (N-acetyl-paminophenol and its conjugates), and caffeine 
in biological samples. Two 1-ml. samples are required. The first 
sample, after being acid hydrolyzed (2 N HCl, 2 hr., 121”) to con- 
vert total salicylate to  free salicylic acid and total N-acetyl-p 
aminophenol to  paminophenol, is extracted with chloroform to 
remove caffeine and salicylic acid. pAminopheno1 in the aqueous 
phase is estimated by its reaction with phenol and sodium hypo- 
bromite. salicylic acid extracted from the chloroform with sodium 
bicarbonate solution is estimated by reacting it with either Folin- 
Ciocalteu reagent or ferric nitrate. The caffeine, remaining in the 
chloroform, is estimated from its absorbance at 276 nm. In the 
second sample, phenacetin is hydrolyzed (8 N HCl, 6 hr., 121 ”) to 
paminophenol (total paminophenol), which is estimated as be- 
fore. Timedependent plasma and kidney levels of caffeine, phen- 
acetin, total N-acetyl-paminophenol, and total salicylate, follow- 
ing the oral administration of a single dose (500 or 900 mg./kg. 
body weight) of aspirin-phenacetin-caffeine mixture to  rats, wexe 
determined. The method also was adapted to the analysis of aspirin- 
phenacet in4eine powders. 


Key- 0 Analgesic formulations-determination of total 
salicylates, phenacetin and/or total N-acetyl-paminophenol, and 
caffeine 0 Plasma and tissue levels-determination of total sali- 
cylates, phenacetin and/or total N-acetyl-paminophenol, and 
caffeine 0 Salicylate content, biological samples and analgesic 
formulations-determination, mixtures with phenacetin and caf- 
feine 0 Phenacetin and/or N-acetyl-paminophenol content, bio- 
logical samples and analgesic formulationsdetermination, mix- 
tures with aspirin and caffeine 0 Caffeine content, biological 
samples and analgesic formulations-determination, mixtures with 
aspirin and phenacetin 0 Aspirin-phenacetin-caffeine mixtures- 
determination of components in biological samples and analgesic 
formulations 


As a result of continuing interest in the elucidation 
of the biochemical and toxicological mechanisms 
of “analgesic abuse nephropathy,” different groups of 
researchers have employed single-entity or combination 
analgesics in their in u i m  studies. Aspirin, phenacetin, 
and caffeine, the common components of analgesic 
mixtures, and their metabolites (1-6) have been studied 


and the current consensus points to the involvement of 
analgesic mixtures rather than of any single component 
in the production of “analgesic abuse nephropathy” (7). 


In the final analysis, the availability of an analytical 
technique suitable for the analysis of caffeine and total 
amounts of salicylate and phenacetin in the tissue or 
biological fluid is more meaningful as injury to the tissue 
is related to the concentration of the injurious chemical 
in that tissue. This report describes an analytical method 
developed for the estimation of phenacetin and total 
N-acetyl-p-aminophenol (which includes N-acetyl-p- 
aminophenol and its conjugates) as paminophenol, 
total salicylates (including aspirin, salicylate, and its 
conjugates) as free salicylate, and caffeine. The major 
advantages of this method are its accuracy, its appli- 
cability to small size samples, and its feasibility for the 
analysis of aspirin, phenacetin, and caffeine in compound 
analgesic tablets and powders. 


EXPERIMENTAL 


For the GC analysis, a gas chromatograph’ was used under the 
following operating parameters: column contents, 3% OV-1 on 
Anakrom Q, 80-100; column size, 0.42 cm. X 1.83 m. (0.1 25 in. X 6 
ft.); column temperature, 160’; camer gas, helium; carrier gas flow 
rate, 33 ml./min.; detector, flame-ionization type; injection port 
and detector block temperatures, 300”; hydrogen flow rate, 3 ml./ 
min.; and air flow rate, 300 ml./min. 


Chcdcals--Sodium salicylate’, paminophenola, phenacetina, 
and caffeine‘ of analytical grade were obtained. Analytical grade di- 
chloroethylene. sodium bicarbonate, sodium hydroxide. dibasic 
potassium hydrogen phosphate, ferric chloride, and hydrochloric 
acid were used. Solvent grade ether and chloroform were 
washed successively with 1 N NaOH, 1 N HCl, and distilled water 
(three washings) before use. Double-distilled water was used for all 
purposes. 
Blologlcal Materials-The analyses were performed on rat plasma 


or rat kidney homogellate prepared by homogenizing (Potter- 


1 Varian 1200. 
* Mathwon Coleman and Bell. 
a Aldrich Chemical Co. 
4 Eastman Chemical Co.. Inc. 


Vd. 62, No. 3, March 1973 0 383 








Determination of Hydroxy Compounds by 
4-Dime thy laminopyridine-Ca talyzed Acetyla tion 


KENNETH A. CONNORS' and KENNETH S. ALBERT 


A b t n e t  0 4Dimethylamlnopyridine is an effective catalyst of 
analytical acylations by acetic anhydride, having a specific catalytic 
activity about lo4 times greater than that of pyridine. The con- 
ventional titrimetric determination of hydroxy groups is carried 
out with Mimethylaminopyridine as the catalyst and pyridine as 
the solvent. Typical reaction times for primary and secondary 
alcohols are 5-10 min. a t  54-70'. 


Keyphnses 0 Hydroxy compounds-determination by Mimethyl- 
aminopyridinecatalyzed acetylation, compared to pyridine catal- 
ysis 0 Alcohols4dimethylaminopyridinecatalyzed acetylation, 
titrimetric determination, compared to pyridine catalysis 0 4- 
Dimethylaminopyridine-as a catalyst of acylations by acetic 
anhydride, titrimetric determination of hydroxy compounds 


Scheme 1 


IW€I + CHjCON +o - CHjCOOR + 
Scheme II  


article describes the application of 4-dimethylamino- 
pyridine (I) to the determination of hydroxy com- 
pounds by reaction with acetic anhydride. 


Pyridine-catalyzed acetylation (1) and phthalation 
(2) are standard methods for the determination of hy- 
droxy compounds and other acylable substances. The 
mechanism involves nucleophilic catalysis with the in- 
termediate formation of the acylpyridinium ion (3), 
as shown in Schemes I and I1 for the reaction of an 
alcohol with acetic anhydride. 


Although pyridine is an effective catalyst in such 
acylations, typical reaction times are 0.5-1 hr. at reflux 
temperature. Schenk e l  al. (4) compared several tertiary 
amines as catalysts in the acetylation of cyclohexanol; 
they found that triethylenediamine is about 50 times 
more effective than pyridine. Because of the greater 
base strength of this saturated amine, it was necessary 
to modify the classical titrimetric finish (4). Triethylene- 
diamine is also a better catalyst than is pyridine in the 
acylation of alcohols with the acid chloride of the 2,4- 
dinitrophenylhydrazone of pyruvic acid (5 ) .  Imidazole 
catalyzes acylations by pyromellitic dianhydride (6). 
Analytical acylations were thoroughly reviewed by 
Mehlenbacher (7) and Schenk (8). 


Recently, Steglich and Hofle (9) reported that 4- 
dimethylaminopyridine is superior to pyridine as a 
catalyst for some synthetic acylations. The present 


Table I-Analytical Results of 4-Dimethylaminopyridine- 
Catalyzed Acetylation of Hydroxy Compounds 


Reaction Percent 
Sample Amount0 Temper- Ti?, -Recovery-- 


Compound I, mg. . ature mm. Mean* SD 


n-Ropy1 alcohol SO 54 20 100.1 0 . 2  
Isopropyl alcohol 50 54 20 100.1 0.4 
Benzyl alcohol 50 54" 20 100.4 0 . 6  
n-Butyl alcohol 100 54" 10 99.0 0.5 
Phenol 100 54 O 10 101.2 0 . 3  
Cinnamyl alcohol 100 54" 10 98.1 0.4 
Isobutyl alcohol I 0 0  70 5 100.6 0.4 
Ethylene glycolc 100 70 O 5 99.2 0.2 
pMethoxyphenold 100 70" 10 99.4 - 


EXPERIMENTAL 


Materlalr4Dimethylaminopyridine1 was used directly. 
Reagents-Acetic Anhydride Solution-Ten milliliters of reagent 


grade acetic anhydride was mixed with 40 ml. of reagent grade 
pyridine. This reagent should be prepared fresh daily. 


Catalyst Solurion-Two grams of 4dimethylaminopyridine was 
dissolved in enough pyridine to make 100 ml. Each Sml. aliquot 
of this solution contained 100 mg. of I. 


Procedure-A 2-3-meq. sample of a hydroxy compound con- 
tained in 1.0 ml. of pyridine solution was pipeted into a 5O-ml. 
conical flask. Five milliliters of the catalyst solution, followed by 2.0 
ml. of the acetic anhydride solution, was added, and the solution 
was well mixed. The stoppered flask was maintained at  the selected 
temperature for an appropriate time (see Table I and Results and 
Discussion). Then 25 ml. of water was added to the flask and the 
contents were brought to room temperature. If the mixture was not 
homogeneous, 5 ml. of n-butyl alcohol was added. Three drops of 
1 phenolphthalein solution was added, and the solution was 
titrated to the pink color with standard 0.5 N sodium hydroxide. 
A blank determination, omitting only the sample, was carried out 
in exactly the same way. 


The milliequivalents of hydroxy compound contained in the 
sample taken for assay is given by N ( v b  - V.), where Va and V. 
are the volumes (in milliliters) of sodium hydroxide solution of 
normality N required to titrate the blank and sample, respectively. 


RESULTS AND DISCUSSION 


Figure 1 shows the time course for acetylation of isopropyl alcohol 
in a pyridine-acetic anhydride mixture at different concentrations 
of I. A profound catalysis of this esterification by I clearly occurs. 
In the development of the analytical procedure, pyridine has been 
retained as the solvent, although it makes little contribution to the 
overall catalysis. 


An estimate of the relative catalytic efticiencies of I and pyri- 
dine (11) was obtained as follows. It is anticipated that the rate 
for acylation in a I-pyridinoacetic anhydride mixture will be given 


D = (k~[l] + ~ I I ( ~ ~ ~ ) ( R O H ~ ( C H ~ C O ~ O ]  (Eq. I )  


u = (kc' + krr'XROH~(CHaC0hOl (Eq. 2) 


D = k,bm(ROHX(CHaCOhO] (Eq. 3) 


by Eqs. 1-3: 


0 Amount of I in the 8-ml. reaction volume. * Mean of three deter- 
minations except as noted. c Both hydroxy groups acetylated. * Two 
determinations. 


1 Aldrich Chemical Co. A sample of 1 recrystallized from Skellysolve 
A gave the same results. It has been found convenient to refer to I as 
DMAP. 
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Figure 1-Time course for acetylation of isopropyl alcohd by acetic 
anhydride at 54" and varying I concentration. The sdvent was acetic 
anhydride-pyridine (1:4 vlo). Compound I concentrations (slowest 
to fastest reactions) were: zero, 4.65 X lWa,  und 4.48 X 10-1 M. 


From the titrimetric data, the apparent second-order rate con- 
stant, kobr could be obtained. The plots showed some deviations 
from strict second-order kinetics, but for the present purpose it 
was possible to obtain these estimates: for reaction with isopropyl 
alcohol at 54", ~ I I  = 3.6 X 10-a M-* set.-' and kr = 7 X lb*  
M-1 =.-I. Therefore, I is about 2 X 10' times more effective than 
is pyridine as a catalyst in this reaction,This rate enhancement may 
be a consequence of stabilization of the acylpyridinium ion, or 
rather of the transition state leading to it, as shown in Scheme 111. 


Table I lists analytical results for the I-catalyzed acetylation of 
various hydroxy compounds. The accuracy and precision of the 
method are comparable with those of other acylation procedures. 
Given a sample compound, the analyst has available for manipula- 
tion three experimental variables: I concentration, temperature, and 
reaction time. Sufficient variation in these quantities is represented 
in Table I for the analyst to select appropriate conditions to suit his 
or her requirements. The attempted determination of tert-butyl 
alcohol (100 mg. I, 70") gave 2 6 z  acetylation in a 75-min. reaction 
time. 


0 n 


Scheme I l l  


A yellow color in the presence of high I concentrations limits the 
accuracy of the visual end-point detection. In the procedure as de- 
scribed, it appears that 100 mg. of I in the 8-ml. assay volume is 
about the maximum practical amount. Higher concentrations of I 
give increasingly erratic results, which are associated with deiinite 
consumption of reagent even in the blank solution. Possibly this 
very powerful catalyst is promoting C-acylation of acetic anhydride 
in a Perkin-type reaction. 
The 4dimethylaminopyridine-catalyzed method given here ap- 


pears to be the most reactive of available anhydride acylation 
methods utilizing nucleophilic catalysis. Extension of 4-dimethyl- 
aminopyridine catalysis to other acylating agents, types of samples, 
and finish methods should be analytically fruitful. 
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Structure Side-Effect Sorting of Drugs I: 
Extrapyramidal Syndrome 


ERIC J. LIEN' and GEDY A. GUDAUSKAS* 


Abstract 0 A computer program using PL/I language was developed 
to sort the side effects of 540 clinically useful drugs. The common 
structural features of the drugs that produce the extrapyramidal 
syndrome are: (a )  the drug contains at least one tertiary amino 
group separated by three carbon atoms from a coplanar hydro- 
phobic region, and (b )  the coplanar hydrophobic region can be a 
phenothiazine ring, its isosteres, or two benzene rings held close 
together (e.g.. trimethobenzamide and haloperidol). Other tran- 
quilizers and anticonvulsants such as diazepam and diphenyl- 
hydantoin are shown to have entirely different structural features. 


Keyphrases 0 Side effects, computer sorting of 540 drugs-ex- 
trapyramidal syndrome related to structure 0 Computer sorting of 
side effects of 540 drugs-extrapyramidal syndrome related to 
structure 0 Structure-activity relationships-features related to 
extrapyramidal side effects, result of computer sorting of 540 drugs 
0 Extrapyramidal syndrome-related to structural features, result 
of computer sorting of side effects of 540 drugs 0 Drug sorting by 
side effects-structure-activity relationships 


In recent years, numerous publications on chemical 
structure-pharmacological activity have appeared in 
various journals (1-13). However, due to several rea- 
sons, little systematic work has been done in sorting 
and correlating undesirable side effects of various drugs 
with their chemical structures. One reason is that side 
effects are usually more variable and more difficult to 
measure than the major pharmacological effect. In 
addition, when several drugs are concurrently adminis- 
tered to a patient, it is not easy to pinpoint the agent 
causing the most undesirable side effect or to detect the 
presence of drug interactions. 


Many potentially useful drugs are not used primarily 
because of the severity of their side effects, not because 


of the lack of efficacy. On the other hand, there are many 
instances of an annoying side effect promoted later to 
be an appreciated therapeutic effect, such as the de- 
velopment of oral antidiabetic drugs from the observa- 
tion of hypoglycemia in patients treated with certain 
sulfonamides. Therefore, it was considered worthwhile 
to employ a computerized program to sort the side 
effects of all clinically useful drugs and to correlate these 
effects with the chemical structure. It is believed that any 
effect of a drug, desired or undesired, direct or indirect, 
is determined by its physicochemical properties which 
are, in turn, governed by its structure. 


This report discusses the structural features of the 
drugs known to cause extrapyramidal syndrome and 
why other tranquilizers (e.g., diazepam) do not cause 
this side effect. Extrapyramidal syndrome consists of 
parkinsonian-like symptoms (e.g., tremors, rigidity, and 
salivation), akathisia (a psychosis marked by an inabil- 
ity to sit still or to remain seated), and akinesia (loss of 
the power of voluntary motion). 


METHOD 


A data bank consisting of 540 clinically useful drugs (14-17) was 
established, and each side effect is represented by a unique three- 
digit hexadecimal code. The name of the side effect associated with 
each code is stored separately in another file, the symptom file. 
The code is also the key for each record, allowing direct retrieval of 
the name. 


A program was developed', using the PL/I language (18, 19). 
which allows the data bank to be sorted by individual side effect 


1 A listing of the program is available upon request. 


Vol. 62, No. 4, Aprif 1973 0 645 







OHUGI=nRUG**l FXTRACT ORUG 


7 H M F  AND LOAD 


HA6 THE ' I R I T C  A SFCQ'IP 
LAST CODE Ill10 F I L E 1  
DCEll  URlTTEl 


ATTACII  5JQT AS 
A l l  A S Y I I C l l n ~ l W J S  


REAU HCCORD 
SY:lPTO:l F I  LC 


n p  A T I N  


HA6 THE ' I R I T C  A SFCQ'IP 
LAST CODE Ill10 F I L E 1  
DCEll  URlTTEl 


ATTACII  5JQT AS 
A l l  A S Y I I C l l n ~ l W J S  


REAU HCCORD 
SY:lPTO:l F I  LC 


nornrr ,n, ,  
I I , ,,. I 


LOAO l l lT0  ARRAY 
I l O L O l  I lG SYEIPT011 


2ASEIl 011 C O L L A T I I I G  I l l l T l A T E  COUrCHECh 


DRUG FILE-a sequential input file, with each record organized 
as follows: NAME, CODE 1, CODE 2, CODE 3, . . ., CODE n, 
where NAME is the name of the drug, and CODE n represents a 
three-digit hexadecimal code for each side effect associated with 
the drug. 


SYMPTOM FILE-a sequential input file, with each record organ- 
ized as follows: CODE n, SYMPTOM-ID, WORD, where 
CODE n is the three-digit hexadecimal code for the symptom, 
SYMPTOM-ID is the name of the symptom, and WORD is a 
binary string of length 20 categorizing the symptom by anatomical 
region. 


FILE 1, FILE 2, FILE 3, FILE 4-sequential input and output 
files used by the sort routine. 


FILE I organization: CODE n, DRUG #; CODE n is the 
three-digit hexadecimal number code, and DRUG # is the 
relative position of the drug in the drug bank. 
FILE 2 s o r t e d  output of FILE 1. 
FILE 3-a sequential input file which is organized: SYMPTOM 
-ID, BINARY (504); BINARY (DRUG #) = '1' if the drug 
#eth drug has the side effect, otherwise it is = to '0'. 
FILE 4-sorted output of FILE 3 alphabetically. 


Scheme I- Flow cliarr of sorting program 


and lists the drugs that have been reported to cause it. The program 
consists of three steps (Scheme 1): 


1. A procedure that creates records in a new file comprised of 
the code followed by the sequence number of the drug. For example, 
if the side effect code is 123 and it is associated with drug A, the 
50th drug, the record will be "12350." This is done for the entire 
data bank, the output being stored on a temporary data set. 


2. A link with the IBM Sorting Program, through the facilities of 
PL/I, that initiates sorting of the temporary data set based on the 
first three characters ofeach record. Output of 12301, 12338, 12345, 
and 12350 would then indicate that drugs 01,38,45, and 50 have the 
side effect corresponding to code 123. 


3. A procedure that examines the output of the sort routine, 
retrieving the name of the side effect from the symptom bank based 


I n 
chlqrpromazine carphenarine 


III 
piperacetazine 


on the code and retrieving the names of the drugs based on their 
sequence number. The printout would have the following format: 
"THE FOLLOWING DRUGS HAVE THE SIDE EFFECT O F  
XYZ: A, B, C, D, E." 


RESULTS AND DISCUSSION 


By sorting the data bank of 540 drugs, the following striking 
common features were found for the drugs that produce the extra- 
pyramidal syndrome: 


1. A phenothiazine derivative with a tertiary amino group which 
is separated from the ring by three carbon atoms [chlorpromazine (I), 
promazine, trifluoperazine, Ruphenazine, mesoridazine, thioridazine, 
thiopropazate, acetophenazine, carphenazine (II) ,  piperacetazine 
(111). err.]. (In the structures illustrated here, the hydrogens on the 
carbon atoms are not shown.) 


2. Isosteres of phenothiazine, such as chlorprothixene (IV), 
doxepin (V), and thiothixine, cause the same type of side effect 


3. Two compounds, trimethobenzamide (VI) and haloperidol 
(VII), are structurally quite different from phenothiazines and yet 
produce the extrapyramidal syndrome. By making Corey-Pauling- 
Kaltun (CPK) molecular models, it was noticed that these molecules 
could assume many different conformations, ranging from a more or 
less linear to a phenothiazine-like shape. When these molecules as- 
sumed the phenothiazine-like conformation, the tertiary amino 
group occupied the apex of a triangle, with two benzene rings oc- 
cupying the baseline. 


Since the pKa value of a tertiary amino group is approximately 
10-11, it would be protonated under a physiological condition. 
If one assumes that the phenothiazine-like conformation is necessary 
for production of the extrapyramidal syndrome, then it appears that 
the protonated tertiary amino group would bind to a negatively 
charged site on the receptor while the coplanar ring system would 
occupy a Rat nonpolar region by hydrophobic interactions. 


The distance between the tertiary amino group and the ring sys- 
tem of three carbon atoms appears to  be very critical. It is known 
that phenothiazines with a two-carbon side chain show antiparkin- 
sonian and antihistamine effects (20). 


Since the drugs were not administered on an equimolar basis, no 
attempt was made to correlate the frequency of occurrence or the 


( 16-19). 


1 
' 2  


t "> 
Iv v 


chlorprothixcnc dorepin 
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1 


H 
VI 


trimethobenzamide 


vn 
haloperidol 


VIII M 
diazepam diphenylhydantoin 


degree of severity of the extrapyramidal syndrome with the struc- 
ture. However, it is generally known that extrapyramidal efFects are 
most commonly associated with the piperarine derivatives (21). 


In clinical applications, it is known that tranquilizers like diaze- 
pam do not give extrapyramidal effects. Comparison of the CPK 
model of diazepam with those of phenothiazines revealed significant 
ditTerences. An X-ray crystallographic study (22) showed that the 
phenyl group in diazepam (VIII) made an angle of 124’ with the 
chlorophenyl ring. In the same study it was found that diphenyl- 
hydantoin (IX), a potent anticonvulsant, exhibited very similar 
structural features with diazepam, which is a tranquilizer and a 
muscle relaxant and is also used in treating emergency cases of 
status epilepticus (23). The two phenyl groups of diphenylhydantoin 
lie at angles of 114 and 1 13’ to the hydantoin ring and at an angle of 
90” to each other. These are, of course, quite different from the 


phenotbiazines where the two benzene rings are essentially co- 
planar. Furthermore, neither of these two an t iconvuht  drugs 
possesses a tertiary amino group. 


REFERENCES 


( I )  M. Gordon, P. N. Craig, and C. L. Zirkle, Adorn. Chem. 


(2) C.  Hansch and E. J. Lien, Biochem. Pharmucd., 17, 709 


(3) G. H. Hamor and E. J. Lien, Farmaco, Ed. Sci., 24, 704 


(4) E. J. Lien, M. P. Golden, and M. Hussain, J. Med. Chem., 


(5) E. J. Lien, ibid., 13, 1189(1970). 
(6) C. Hansch and E. J. Lien, ibid., 14,653(1971). 
(7) C. Hansch and K. N. Von Kaulla, Biochem. Pharmacol., 19, 


(8) W. R. Glave and C. Hansch, J. Pharm. Sci., 61, 589(1972). 
(9) J. A. Osiranga, J. Med. Chem., 12,349(1969). 


Ser., 45, 140(1964). 


(1%8). 


( 1 969). 


13, 623(1970). 


21 93( 1970). 


(10) A. Cammarata and S.  J. Yau, ibid., 13,93(1970). 
(11) E. Kutter. A. Hen, H. J. Teschemacher, and R. Hess, ibid.. 


(12) P. S. Portoghese and D. A. Williams, ibid., 12,839(1%9). 
(13) Ibid.. 13,626(1970). 
(14) W. C. Cutting, “Handbook of Pharmacology,” 4th ed., 


Meredith, New York, N. Y., 1969. 
(15) “The Pharmacological Basis of Therapeutics,” 4th ed., 


L. S. Goodman and A. Gilman. Eds., Macmillan, New York, N. Y., 
1970. 


(16) L. Meyler and A. Herxheimer, “Side Effects of Drugs,” 
vol. VI, Excerpta Medica Foundation, Amsterdam, The Nether- 
lands, 1968. 


(17) “AMA Drug Evaluations, 1971,” 1st ed., American Medical 
Association, Chicago, Ill., 1971. 


(18) IBM Systems Reference Library, IBM System/360 Operating 
System PL/I (F) Language Reference Manual, IBM Corp., Tech- 
nical Publications Department, White Plains, N. Y. 


(19) Ibid., Programmer’s Guide. 
(20) C. 0. Wilson, 0. Gisvold, and R. E. Doerge, “Textbook of 


Organic Medicinal and Pharmaceutical Chemistry,” 6th ed., 
Lippincott, Philadelphia, Pa., 1971, p. 431. 


(21) T. M. Peery and F. N. Miller, “Pathology,” 2nd ed., Little, 
Brown, Boston, Mass., 1971, p. 253. 


(22) A. Camerman and N. Camerman, Science, 168, 1457(1970). 
(23) H. Gastaut, R. Naquet, R. Poire, and C. A. Tassinari. 


13, 801(1970). 


Epilepsia, 6, 167( 1965). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received September 14, 1972, from the School of Pharmacy, 
Unioersity of Southern California, Uniwrsiry Park, Los Angeles, CA 
90007 


Accepted for publication November 2, 1972. 
The authors gratefully acknowledge the financial support from 


the National Science Foundation (URP-GY-8952) and from 
Abbott Laboratories. They also thank Dr. Robert F. Maronde of 
the School of Medicine, University of Southern California, for 
helpful discussions. 


* NSF-URP, Summer 1971. 
A To whom inquiries should be directed. 


Vol. 62, No. 4, April 1973 0 647 








Orthokinetic Coagulation in 
Pharmaceutical Suspensions 


Keyphraees 0 Suspensions, pharmaceutical-orthokinetic coagula- 
tion due to sedimentation and laminar shear 0 Coagulation 
(orthokinetic), suspensions-based on sedimentation and laminar 
shear 


Sir: 
The classical theory of perikinetic coagulation of 


lyophobic colloids was developed by Smoluchowski 
(1) for spherical uniformly sized particles undergoing 
diffusion as a result of Brownian motion. Attempts to 
apply the Smoluchowski theory to pharmaceutical sus- 
pensions are of limited success for the following reasons. 


Particle Size-In pharmaceutical suspensions, most 
of the particles are of dimensions greater than the 
upper limit for lyophobic colloids, which is usually put 
at 0.5-pm. diameter (2). The basic equations derived by 
Smoluchowski for the coagulation rate of particles in 
these systems (3) have no term for particle size, but it 
was previously reported (4) that a 1.1-pm. diameter 
polystyrene latex has a slower maximum coagulation 
rate than one of 0.7-pm., whose rate was also slower 
than the Smoluchowski theory. Such deviations from 
theory were explained by Higuchi et al. ( 5 )  in terms of 
hydrodynamic effects. From the Smoluchowski theory, 
it may be calculated that the 2.5z (w/v) suspensions 
of the drug griseofulvin, described earlier (6), would 
have a coagulation time (i.e., time to reduce the original 
particle concentration by one-half) of 6 sec. if the 
particles were 1.0 pm. in diameter and of I 0 0  min. if 
they were 10 pm. in diameter. In the latter case the 
particles would be subject to rapid sedimentation and 
to only relatively little Brownian motion. It has been 
shown (7) that for griseofulvin suspensions, Brownian 
motion is theoretically a greater source of displacement 
than sedimentation up to a diameter of 1.7 pm. Above 
this figure the reverse applies. 


Polydispersity-The Smoluchowski theory was ex- 
tended by Miiller (8) to allow for polydispersity. This 
theory was shown by Matthews and Rhodes (9) to 
apply qualitatively to particles in the size range of 
0.5-2.0 pm. 


Dimensional Anisofropy-Muller (10) also extended 
the Smoluchowski theory to allow for nonspherical 
particles. He showed that these should coagulate more 
rapidly than spherical ones and this was confirmed by 
Wiegener and Marshall (1 1). 


Nature of the Interface-Many powdered drugs that 
are formulated as aqueous suspensions are truly 
hydrophobic and must be wetted prior to dispersion. 
The use of amphipathic adjuvants for this purpose is 
likely to effect steric stabilization of the particles (12, 
13). 


The question of whether or not drug particles may be 
flocculated or coagulated in an analogous way to 
lyophobic colloids to prevent impaction on storage was 
discussed extensively in the literature (6, 13-18). 
Because of the previously mentioned differences between 


lyophobic colloids and drug suspensions, it can be mis- 
leading to apply criteria derived from colloid chemistry 
to differentiate between aggregation mechanisms in 
coarse systems. For example, coagulation in a lyophobic 
colloid produces a compact sediment whereas floccula- 
tion yields a porous compressible structure. However, 
when a suspension of highly dispersed drug particles is 
allowed to sediment, a compact structure usually i s  
produced. An evaluation of such a suspension on the 
basis of criteria taken from colloid chemistry would 
suggest that it had coagulated. A state of a high degree 
of dispersiorl or peptization is, however, the exact 
opposite of coagulation in true colloids. When the 
forces causing particle dispersion in a suspension are 
removed, coagulation occurs, Since Brownian motion 
cannot be considered as the main cause of coagulation 
in the case of pharmaceutical suspensions, it has been 
tentatively suggested (1 3) that differential sedimentation 
rates could cause the necessary particle collisions. 
Theories of orthokinetic coagulation, where the causa- 
tive agent is systematic movements within the system 
(e.g., sedimentation) were formulated by von Smolu- 
chowski (I), Tuorila (19), and Muller (10). Hiestand 
(20), in his comprehensive review of coarse suspensions, 
differentiated between the effects of sedimentation on 
peptized and aggregated systems and described cases 
in the literature where agitation was shown to accel- 
erate flocculation. As far as is known, however, no 
attempt has been made to interpret aggregation pro- 
cesses in pharmaceutical systems using these early 
theories (1, 10, 19). This is the purpose of the present 
communication. Two types of orthokinetic coagulation 
that could occur in pharmaceutical suspensions will be 
considered. 


Coagulation Due to Sedimentation-Whereas the 
theory for perikinetic coagulation was formulated for 
a monodispersed suspension, coagulation due to 
sedimentation can only occur if the system is polydis- 
persed. Muller (10) considered a large spherical particle 
of radius R sedimenting under gravity with a speed V, 
in a rapidly coagulating colloid containing, at time 
to, No spherical particles of radius r. Brownian motion 
of the large particle and sedimentation of the small 
ones are initially ignored. He derived the following 
equation to express the number of small particles, dN, 
that coagulate with the large one in time dt: 


sinh c !!! = 4sNoDx-  dt C 


where D is the diffusion constant of the small particles 
and x is the collision radius of the large and small 
particles = r + R. The value of C is defined by the 
equation: 


Since the rate at which the small particles would be 
expected to coagulate with large ones is given according 
to the Smoluchowski theory by the equation: 


(i-N = 4rNoDx dt 


the probability of coagulation when one of the particles 
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Tpbk I-Dependence of the Value of the Miiller Constant C 
on the Radii of the Coagulating Particles in a Suspension of 
Fine-Particle Griseofulvin 


0 .5  10 0.05 
1.0 10 0.1 
5.0 10 0 . 5  
8.0 10 0 . 8  
9 .0  10 0 . 9  
0.5 5 0.1 
1.0 5 0 . 2  
2.0 5 0 . 4  
4 .0  5 0.8 
4 . 5  5 0 . 9  
0 . 5  2.5 0 . 2  
1.0 2 . 5  0 . 4  
1.5 2 . 5  0 . 6  
2 .0  2.5 0 . 8  
2.25 2 .5  0 . 9  


lo-" 2.4 X 10-6 
10-1' 3.6 X lo-' 
10-1' 7 .7  x lo-* 
10-1' 1.46 x lo-' 
10-1' 1.10 x. lo-' 


6.25 X 3.6 X 10-' 
6.25 X 1O-l' 4 .5  X lW4 
6.25 x 10-l' 4.25 x 
6.25 X 10-14  1.46 X 10-* 
6.25 X 1 0 - 1 4  1.10 X 10-1 


3.90 X 4.25 X 10-' 
3.90 X 1 . 1 3  X 10-* 
3.90 X 10-l' 1.46 X 10-' 
3.90 x 10-16 1.10 x lo-' 


3.90 x 10-16 4 .5  x 10-4 


0.107 
1 . 6 0 1  


342.4 
649.3 
493.6 


0. loo 
1.25 


11.81 
40.57 
30.57 
0.078 
0.737 
1.959 
2.53 
1.910 


Data taken from MUer (LO). 


is sedimenting with a speed of V ,  is increased by the 
factor sinh C/C. 


When the ratio of the radii r / R  is not very small, the 
Brownian motion of the large particle and sedimenta- 
tion of the small ones have to be considered by the 
modified equation for the diffusion constant: 


(Eq. 4) 


V, is replaced by the relative sedimentation velocity, P, 
in Eq. 2 and the modified Stokes' law: 


where p is the difference in density between the dis- 
persed and continuous phases. The other.symbols have 
their usual meanings. 


By combining Eqs. 2, 4, and 5 ,  Muller (10) derived 
the following expression for the value of C: 


4rpgR' C - -  3kT 


where: 


and : 
r a== i i  (Eq. 8) 


Muller showed that for the sedimentation effect to be 
significant, the sedimenting particle should be larger 
than : 


( 4 . 9 )  


and the particles that are caught by the falling one 
should be larger than: 


It is now possible to consider the application of the 
Muller theory to the tine-particle griseofulvin sus- 


T a b  II-Relationship between the Miiller Constant 
C and sinh C/Co 


sinh C sinh C - - 
c C c c 


0 1 2 1.81 
0 . 2  1.006 3 3.84 
0 . 4  1.027 5 14.83 
0 . 6  1.066 7 78.4 
0.8 1.110 9 450 
1 1.175 10 1100 


a Data taken from Milller (10). 


pensions described earlier (21). Using a value for p of 
0.445 g./ml., the critical values for r and R are 0.77 and 
1.85 pm., respectively. Measurement of the particle 
size of the drug by means of the Coulter counter (22) 
showed that most of the particles were between 0.5- 
and 10.0-pm. equivalent spherical radius. Therefore, 
values of C were calculated using values of R of 2.5, 5 ,  
and 10 pm. and of r within the range of 0.5-9.0 pm. 
The results are shown in Table I. The dependence of the 
ratio (sinh C/C) upon C is shown in Table 11. When C = 
2.1, the speed of coagulation is doubled; when C > 5 ,  
the sedimentation effect is so great that coagulation 
due to Brownian diffusion can be ignored. An inspec- 
tion of Table I shows that for large particle radii, R 
of 10 and 5 pm., very pronounced effects due to sedi- 
mentation can be expected. Even for particles of R = 
2.5 pm., an approximate twofold increase in coagu- 
lation rate can be expected for r values of about 1.5 
pm. and above. 


Similar calculations can be performed for other 
drugs and for different vehicles; for example, the 
suspension of fine-particle griseofulvin in 70 glycerol 
described earlier by Matthews and Rhodes (7) has a 
phase density difference of 0.272 g./ml., very similar 
to that of a suspension of hydrocortisone in water. 
For such systems the critical radii increase to r = 0.88 
pm. and R = 2.11 pm. and a similar sedimentation 
effect would only be experienced with larger particles. 


The use of a slow speed centrifuge was advocated by 
Jones (23) as a means of accelerating physical changes 
in suspensions. The Muller theory provides a possible 
method of quantizing the effect of centrifuging on 
particle coagulation since the centrifugal force can be 
substituted for g in Eqs. 6, 9, and 10. However, it is 
important to bear in mind that centrifuging may also 
cause the breakup of the loose coagulum at the base 
of the container, causing an impaction which may not 
occur under ,conditions of normal gravity. 


Coagulation Due to Laminar Shear-The von Smolu- 
chowski (1)-Tuorila (19) theory of laminar shear 
coagulation was conveniently summarized by Overbeek 
(24) and was used to interpret the flocculation of a@- 
tated suspensions of ferric oxide by Reich and Vold 
(25). The equation derived was: 


where J is the probability of collision due to motion 
in a laminar flow field of shear gradient du/&, I is the 
probability of collision due to Brownian motion, 7 is 
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the viscosity of the medium, and R is the particle 
radius. Since the effect of laminar shear is independent 
of the particle density, the conclusions of Reich and 
Vold are also applicable to pharmaceutical suspensions. 
They calculated that for a shear gradient of 100 sec.-l, 
J / I  is for 0.1-pm. diameter particles, 10 for 1.0-pm. 
diameter, and lo4 for 10-pm. diameter. This shows 
again that, at around a diameter of 1 pm., orthokinetic 
effects assume a greater importance in comparison with 
peri kinetic. 


Discussion-To produce a pharmaceutical suspension 
that will sediment to give an open-structured redis- 
persible coagulum, two processes are necessary: (a) 
particle collisions in the suspension, and (b) controlled 
particle adhesion on contact. 


This communication has indicated that, in the absence 
of Brownian motion, sedimentation and shear effects 
can cause the former and the magnitude of the latter 
can be estimated by calculating energy of interaction 
curves (1 3). 


Coagulation could be produced in a pharmaceutical 
suspension by the application of controlled shear, but 
care would be necessary since shear can also reverse 
the process and cause a breakdown in the structure. 
The formulator must design the suspension so that 
shear forces induced by shaking the container achieve 
this purpose. The sedimentation effect is inherent in the 
nature of the system, provided that there is a density 
difference between the phases and the suspension is 
polydispersed. Most pharmaceutical suspensions con- 
taining finely milled powders may be expected to have 
a proportion of particles in the region where Brownian 
motion is operative, and this proportion can be signifi- 
cant if calculated by number. Brownian coagulation 
eventually produces aggregates which are large enough 
to take part in sedimentation coagulation. 
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Cornpendial Dissolution Tests : Merits of 
Sequential over Standard Inspection Plans 


Keyphrases 0 Dissolution tests, compendial-statistical analysis, 
proposed sequential analysis inspection of dosage units 0 Sequential 
analysis inspection-application in dissolution testing 0 Inspection 
of tablet and capsule lots-sequential analysis plan for dissolution 
rate testing 0 Sampling of tablet and capsule lots-sequential 
analysis inspection plan. 


Sir: 


Dissolution ,rate tests for tablets and capsules are 
destructive tests, so any acceptance inspection plan 
for this property that is included in a compendia1 
monograph must be based on the results of the com- 
plete analysis of one or more randomly selected samples. 
All sampling inspection plans carry two inherent risks 
because the quality of the chosen sample or samples 
may not truly reflect the absolute quality of the lot. 
The first risk is that a lot whose absolute quality is 
acceptable will have to be rejected. This risk, designated 
a, has its greatest influence on the economics of produc- 
tion. The second risk is that a lot whose absolute 
quality is unacceptable will pass inspection. This risk, 
designated /3, has its greatest effect on the therapeutic 
effectiveness of the lot and, hence, on the consumer. 


This communication is concerned with computing 
the values of a! and fl that are inherent in the dissolution 
tests in USP XVIII (1) and N F  XI11 (2) and with pro- 
posing the adoption of an alternative test based on a 
sequential analysis plan (3). No attempt is made to  
address the equally important question concerning the 
meaningfulness, in terms of the bioavailability, of the 
presently defined criterion of good and bad dissolution 
behavior which is based on the time it takes for 60% 
of the drug to dissolve from its dosage form. Regardless 
of what criteria may be laid down to ensure bioavail- 
ability, it is essential that the inspection plan used is one 
that carries values of risks a and 0 that are consistent 
with production economy and therapeutic effectiveness. 
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Determination of Total Salicylates, Phenacetin and/or 
Total N-Acetyl-paminophenol, and Caffeine in 
Biological Samples and Analgesic Formulations 


HIRA L. GURTOO’ and BARRIE M. PHILLIPS 


Abstmct 0 An analytical method was developed for the deter- 
mination of phenacetin (apparent phenacetin), total salicylate 
(aspirin, salicylic acid, and its conjugates), total N-acetyl-pamino- 
phenol (N-acetyl-paminophenol and its conjugates), and caffeine 
in biological samples. Two 1-ml. samples are required. The first 
sample, after being acid hydrolyzed (2 N HCl, 2 hr., 121”) to con- 
vert total salicylate to  free salicylic acid and total N-acetyl-p 
aminophenol to  paminophenol, is extracted with chloroform to 
remove caffeine and salicylic acid. pAminopheno1 in the aqueous 
phase is estimated by its reaction with phenol and sodium hypo- 
bromite. salicylic acid extracted from the chloroform with sodium 
bicarbonate solution is estimated by reacting it with either Folin- 
Ciocalteu reagent or ferric nitrate. The caffeine, remaining in the 
chloroform, is estimated from its absorbance at 276 nm. In the 
second sample, phenacetin is hydrolyzed (8 N HCl, 6 hr., 121 ”) to 
paminophenol (total paminophenol), which is estimated as be- 
fore. Timedependent plasma and kidney levels of caffeine, phen- 
acetin, total N-acetyl-paminophenol, and total salicylate, follow- 
ing the oral administration of a single dose (500 or 900 mg./kg. 
body weight) of aspirin-phenacetin-caffeine mixture to  rats, wexe 
determined. The method also was adapted to the analysis of aspirin- 
phenacet in4eine powders. 


Key- 0 Analgesic formulations-determination of total 
salicylates, phenacetin and/or total N-acetyl-paminophenol, and 
caffeine 0 Plasma and tissue levels-determination of total sali- 
cylates, phenacetin and/or total N-acetyl-paminophenol, and 
caffeine 0 Salicylate content, biological samples and analgesic 
formulations-determination, mixtures with phenacetin and caf- 
feine 0 Phenacetin and/or N-acetyl-paminophenol content, bio- 
logical samples and analgesic formulationsdetermination, mix- 
tures with aspirin and caffeine 0 Caffeine content, biological 
samples and analgesic formulations-determination, mixtures with 
aspirin and phenacetin 0 Aspirin-phenacetin-caffeine mixtures- 
determination of components in biological samples and analgesic 
formulations 


As a result of continuing interest in the elucidation 
of the biochemical and toxicological mechanisms 
of “analgesic abuse nephropathy,” different groups of 
researchers have employed single-entity or combination 
analgesics in their in u i m  studies. Aspirin, phenacetin, 
and caffeine, the common components of analgesic 
mixtures, and their metabolites (1-6) have been studied 


and the current consensus points to the involvement of 
analgesic mixtures rather than of any single component 
in the production of “analgesic abuse nephropathy” (7). 


In the final analysis, the availability of an analytical 
technique suitable for the analysis of caffeine and total 
amounts of salicylate and phenacetin in the tissue or 
biological fluid is more meaningful as injury to the tissue 
is related to the concentration of the injurious chemical 
in that tissue. This report describes an analytical method 
developed for the estimation of phenacetin and total 
N-acetyl-p-aminophenol (which includes N-acetyl-p- 
aminophenol and its conjugates) as paminophenol, 
total salicylates (including aspirin, salicylate, and its 
conjugates) as free salicylate, and caffeine. The major 
advantages of this method are its accuracy, its appli- 
cability to small size samples, and its feasibility for the 
analysis of aspirin, phenacetin, and caffeine in compound 
analgesic tablets and powders. 


EXPERIMENTAL 


For the GC analysis, a gas chromatograph’ was used under the 
following operating parameters: column contents, 3% OV-1 on 
Anakrom Q, 80-100; column size, 0.42 cm. X 1.83 m. (0.1 25 in. X 6 
ft.); column temperature, 160’; camer gas, helium; carrier gas flow 
rate, 33 ml./min.; detector, flame-ionization type; injection port 
and detector block temperatures, 300”; hydrogen flow rate, 3 ml./ 
min.; and air flow rate, 300 ml./min. 


Chcdcals--Sodium salicylate’, paminophenola, phenacetina, 
and caffeine‘ of analytical grade were obtained. Analytical grade di- 
chloroethylene. sodium bicarbonate, sodium hydroxide. dibasic 
potassium hydrogen phosphate, ferric chloride, and hydrochloric 
acid were used. Solvent grade ether and chloroform were 
washed successively with 1 N NaOH, 1 N HCl, and distilled water 
(three washings) before use. Double-distilled water was used for all 
purposes. 
Blologlcal Materials-The analyses were performed on rat plasma 


or rat kidney homogellate prepared by homogenizing (Potter- 


1 Varian 1200. 
* Mathwon Coleman and Bell. 
a Aldrich Chemical Co. 
4 Eastman Chemical Co.. Inc. 
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Table I-Computer-Generated Algebraic Formulas for Calibration 
Curves of Salicylic Acid, pAminophenol, and Caffeine 


concen- 
tration 


I I"' 


4 
0 4 8 12 


I 1 
0 4 8 12 


MINUTES 


Figure 1-GC analysis of plasma samples from control and aspirin- 
phenacetin-caffeine-treated rafs. The chromatograms were run for 
40 min., and no significant differences were obserwd between :he 
control and :he treated groups beyond 12 min. Key: I ,  caffeine in 
chloroform: 2, chloroform extract ofplasma from rats that received up 
to 900 mg. aspirin-phenacetin-caffeine/kg. (Rot Study I l l ) ;  and 3, 
chloroform exrract ofplasma from conirolgroup of ra:s. 


Elvehjem homogenizers) rat kidneys in water or 0.1 N HCI (1 g. 
wet weight/2 nil. liquid). 


Analytical Method-Under suitable conditions of acid hydrolysis 
of biological samples containing aspirin, phenacetin, and caffeine 


m e ,  
me./ml. Quation for 


Material Plasma W b r a h o n  W e  re 


saiicylicacidb 0 .04 .52  Y = 1.435 X +0.016 1.OOO 
Salicy!icacid" 0.0-1.50 Y = 0.337 x +0.006 1.003 
pAnunophenol 0.04.20 Y = 9.355 X -0.061 1.036 
Caffeine 0.04 .60  Y = 0.711 X f0.00 1.001 


a Regression correlation coefficient. The final color reaction was 
developed with Folin-Ciocalteu rea ent (9). eThe final color reac- 
tion was developed with femc nitrate 80) .  


and/or metabolites, aspirin and its metabolic products are converted 
to free salicylic acid; phenacetin, N-acetyl-paminophenol, and its 
metabolic products are converted to paminophenol. However, 
caffeine and its metabolites (demethylation and oxidation products) 
are not likely to undergo any change under these conditions. This 
knowledge, coupled with the information about the differing solu- 
bility of paminophenol, salicylic acid, and caffeine in chloroform 
and ether under acidic conditions, made it possible to develop the 
analytical technique described here. 


When the acid-hydrolyzed sample is shaken with chloroform and 
the phases are separated, paminophenol is retained in the salt form 
in the aqueous phase while caffeine and free salicylic acid are ex- 
tracted into the chloroform layer. Salicylic acid is subsequently 
removed with sodium bicarbonate solution; the caffeine remaining in 
the chloroform layer, after being thoroughly washed with sodium 
bicarbonate and ether, is estimated from its spectrophotometric 
absorption at 276 nm. 


The hydrolysis iscarried out for 2 hr. in 2 N hydrochloric acid in an 
autoclave at 121 under a pressure of 6.8 kg. (15 lb.)/in.*. To 1 ml. 
of kidney homogenate or plasma in a SO-ml. centrifuge tube is 
added 0.67 mL of concentrated (12 N) hydrochloric acid, and the 
volume is adjusted to 4 ml. with distilled water. After autoclaviog 
and cooling, the mixture is shaken (for 5 min. on an automatic 
shaker) with chloroform (15 ml.); the phases are separated by cen- 
trifugation ( 5  min.) and analyzed as follows for paminophenol, 
salicylic acid, and caffeine. 


Detenniaation of Total N-Acetyl-paminophend-To 2 ml. of the 
aqueous phase, transferred into ti 50-ml. centrifuge tube, are added 
water (2 ml.), potassium hydrogen phosphate(3 g.),and ether(3Oml.) 
in that order. The mixture is shaken and either centrifuged or 
allowed to  stand for 20 min. (with stopper on to minimize evapora- 
tion of ether). Then 25 ml. of the top layer (ether phase) is trans- 
ferred to another SO-ml. centrifuge tube containing 5 rnl. of 0.01 N 
hydrochloric acid; this mixture is shaken and centrifuged, the ether 
layer is aspirated, and 3 ml. of the aqueous phase is transferred to  a 
test tube to which is added 1 phenol (1 ml.) and 1 N sodium 
hypobromite solution ( I  ml.). The solution is mixed well and al- 
lowed to stand for 20 min., and its absorbance at 620 nm. is read. 
This method of analysis is similar to that described by Brodie and 
Axelrod (8). 
Determination of Total Salicylate (Free Salicylic Add)-The 


initial extraction with chloroform yields caffeine and salicylic acid 
in the chloroform phase. Ten milliliters of the chloroform phase is 
transferred to a 50-ml. centrifuge tube, and 5 ml. of 1 pl. sodium bi- 
carbonate is added. The mixture is shaken and then centrifuged, 
and this chloroform phase is saved for the analysis of caffeine. The 
aqueous phase (sodium bicarbonate solution) is used for the anal- 
ysis of salicylate as follows. 


An aliquot, 3.5 ml., of the sodium bicarbonate solution is trans- 
ferred to  a SO-ml. centrifuge tube containing 0.70 ml. concentrated 
hydrochloric acid, and the mixture is extracted as described below 
with ethylene dichloride. 


After the addition of ethylene dichloride (30 ml.), the mixture is 
shaken for 5 min. Then it is allowed to settle and the aqueous layer is 
aspirated. Twenty-five milliliters of the ethylene dichloride phase is 
transferred to another 50-ml. centrifuge tube containing 10 ml. of 
1% sodium bicarbonate or water. If sodium bicarbonate is used, 
the mixture is shaken and centrifuged as before. Then 3 ml. of the 
aqueous phase is transferred to a test tube, and 1 ml. of Folin- 
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TpMe II-Recoverie~~ of Salicylic Acid, pAminophenol, or Caffeine Added Individually t o  Rat Plasma 


W i c y l i c  Acids pAminophenoP - M e i n @  
Milligrams Added Percent Recovered MiUigmms Added Percent Recovered MiUigrams Added Percent R e c o d  


1 0.052 95.91 0.0165 90.91 0.120 98.91 


3 0.156 93.87 0.049 92.06 0.360 98.44 


6 0.416 96.87 0.132 98.89 


2 0.104 92.00 0.0330 93.30 0.240 106.62 


4 0.208 92.46 0.066 m.m 0.480 97.11 
93.83 0.600 102.12 5 0.312 94.31 0.099 


- 0.198 102.72 - - 7 
8 
Mean f SEc 94.58 94.50 100.62 


f O  .74 11.69 11.71 


- - - - 96.65 0.165 96.69 0.520 - 


0 Calibration curves prepared with aqueous solutions. Averages of at least four determinations. SE = standard deviation/fi. where n is the 
number of deterrmna tions. 


Table. III-Recoveries of Salicylic Acid, pAminopheno1, and Caffeine Added as Mixtures to  Rat Plasma or Kidney Homogenate 


Sample c___s811 'cylic Acid' pAminopheno1' - '---caffeine------ 
Number Milligrams Added Percent Recovered Milligrams Added Percent Recovered MiU~grams Added Percent Recovered 


1 0.1w 
2 0.1w 
3 0.52 
4 0.060 
5 0.156 
6 0.113 
7 0.180 
a 0.42 


9 0.0385 
3 0.048 


105.93 0.132 
4 0.124 
3 0.0495 


100.00 0.054 
2 0.048 


108.26 0.100 


100.40 


92.50 
98.71 
96.36 


113.15 


4 


4 
2 


0.072 4 
0.384 101.5 
0.60 99.0 
0.060 
0.180 
0.060 9 


0.384 102.3 
0.60 104.3 


9 


3 


0 Averages of four determinations. Recoveries obtained from kidney homogenate. Determinations not carried out. 


Table IV-Recoveries of Phenacetin as p-Aminophenol from 
Water, Rat Plasma, or Kidney Homogenate 


Table V-Efkct of Phenacetin and Salicylate on the 
Analysis of Caffeine in Rat Plasma 


P Phenacetin 
Phemxtin Aminophenol Equivalent Percent 


Added, mg. Obtained, mg. Recovered, mg. Recovery' 


P h d n  
Present, Caffeine salicylate Absorbanceo 


mg. Present,mg. Present,mg. a t  276 nm. 


0.oU)o 0.0195 0.03249 108.31 
0.06oO 0.0398 0.06615 110.25 


0.1976 0.1107 0.18510 93.77 
0.09oO 0.0535 o.oaau 98.70 


0.4200 0.2570 0.42590 101.41 


a Average of four determination& 


Ciocalteu reagent and 1 ml. of 1.5 N sodium hydroxide are added 
in that order. The mixture is mixed well and the absorbance is read 
at 670 nm. after allowing it to stand for 5 min. (9). In the other 
method, 0.25 ml. of 1% ferric nitrate is added to  the water and 
ethylene dichloride mixture, which is subsequently shaken and 
centrifuged. The concentration of salicylic acid is calculated from 
the absorbance of the colored aqueous phase at 540 nm. (10). 


Deteahatiaa of Caffdne-The 10 mi. of chloroform phase 
saved from the first extraction is washed (by shaking and centrifug- 
ing) twice with sodium bicarbonate solution, first with 30 ml. of 
5 %  solution and then with 30 ml. of 1% solution. The latter is 
aspirated and 7 ml. of the chloroform phase is transferred to a S m l .  
centrifuge tube, evaporated to near dryness (0.1 ml.), and cooled; 
then 4 mL of 2 N HCI solution and 30 ml. of ether are added in that 
order. The mixture is shaken and centrifuged, the ether phase is 
aspirated, and 2.5 ml. of the aqueous phase is transferred to another 
%ml. centrifuge tube to which 10 ml. of chloroform is added. 
The mixture is shaken and centrifuged, the aqueous phase is as- 
pirated, and the chloroform phase is read in a spectrophotometer at 
276 nm. against chloroform. 


Dctennhatlon 01 F'benacetin (Apparent P b m a d w n e  milli- 
liter of plasma or homogenized kidney tissue is hydrolyzed in the 
presence of 8 N HCI (4 ml. 12 N acid, 1 ml. sample, 1 ml. water) by 


6 Apparent p h e d n  obtained 89 dflerence. In addition to phen- 
acetin, this should include N-acetyl-p-armnophenol lucuronide and 
phenetidin present in the biologwl sample as a result of biotransforma- 
tion. 


0.152 0.600 O.Oo0 0.448 i 0.013b 
O.Oo0 0.600 0.420 0.452 f 0.004 
O.Oo0 0.600 O.Oo0 0.443 f 0.003 
0.152 O.Oo0 O.Oo0 0.016 f O.Oo0 


O.Oo0 O.Oo0 O.Oo0 0.017 f O.Oo0 
O.Oo0 O.Oo0 0.420 0.018 f 0.000 


Average of three detaminations. Mean f SE. 


autoclaving for 6 hr. at 121 under a pressure of 6.8 kg. (IS lb.)/in.*. 
This results in the conversion of phenacetin, N-acetyl-pamino- 
phenol, and its conjugates to  paminophenol (total paminophenol), 
which is determined by the method already described except that 
the volume of acid hydrolysate is adjusted to 10 ml. and extracted 
with chloroform (30-35 ml.), and 2.50 ml. of the aqueous phase 
(top layer) is transferred to a 50-ml. centrifuge tube containing potas- 
sium hydrogen phosphate (4-5 g.) and water (1.5 ml.). Phenacetin 
in the sample is obtained by subtracting the absolute amount of 
total N-acetyl-paminophenol (determined earlier) from the abso- 
lute amount of total paminophenol (obtained after 6 hr. of hy- 
drolysis); the resulting difference is multiplied by a factor, mol. wt. 
phenacetin/mol. wt. paminophenol, that includes the contribution 
due to the higher molecular weight of phenacetin. 


Anolysia of Aspirin-Phem~&WW Powders-Three sam- 
ples of such powders of unknown composition were obtain@ and 
analyzed by the methods described for biological samples. How- 
ever, for each type of analysis, separate calibration curves using 
aqueous solutions were set up. One hundred milligrams of each 
powder was dissolved in chloroform (100 ml.), and 1 mL of the 
solution after removal of the solvent was hydrolyzed for 2 or 6 hr. 
under the conditions already described. The hydrolyzed solutions 
were analyzed for salicylate, paminophenol, and caffeine. As pro- 


8 Phannacy Research and Development Laboratories, Miles Lab-' 
oratories, Inc.. Elkhart, Ind. 
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Table VI-Plasma and Kidney Levels in Male Rats following Oral Administration of a 
Single WO-mg./kg. Dose of Aspirin-Phenacetin-Caf€eine Powder 


-Plasma Levels, mg./l., Mean f SIP- --Kidney Tissue Levels, mcg./g., Mean f SE- 
Homa Total Salicylate Total APAP Meine Total Salicylate Total APAP Caffeine 


0.50 
1 .OO 
1 .50 
2.00 
4.00 


24.00 
8.00 


237 f 12 2 5 f l  45 f 4 
%*;n % * t i  36% 8 


229 f 23 4 0 f 3  41 f 7 
206f 15 25 f 3 32 f 5 


285 f 15 35 f 1 49 f a 


194 f 9 2 2 f  1 38 f 6 
140 f 21 11 f 2 29f 11 


56 f 0 28 o 50f 11 
65 f 0 32 f 0 54* 10 
88 f 0 37 f 0 85 f 10 
40320 38f0 48f 1 1  
35 f 0 28fO 69 f 16 


12 f 0 21 f 0 38 f 11 
33 f 0 26 f 0 71 f a 


0 Time of sacrifice after the administration of aspirin-phenacetin-caffeine. Each ~ o u p  comprised of nine rats; most of the values reported are the 
means for nine rats. APAP denotes N-acctyl-p-ammophenol. 


Table VII-Kidney Levels of Total N-Acetyl-paminophenol 
and Phenacetin following Acute Oral Doses of 
Aspirin-Phenacetiffeine Powder 


500 mg./kg., Mean 


Total Phen- 
A P W ,  acetin, 


Hours mcg./e. mcg./e. 


-* SEa- 


1 .OO 2 7 f 1  9 f 4  
1.50 3 3 f 3  1 1 f 4  


2 9 f 2  5 f 3  4 .00 
8 .OO 


2.00 3 2 f i  a f 2  
- - 


900 mg./kg., Mean 


Total APAP, Phenacetin, 
mce./e. mcg./g. 


-f SEa- 


3a f 3 26 f 3 
52 f 3 46 f 3 
4 4 f 2  11 f 4 
6 4 f  23 2 6 f  20 
2 9 f  2 1 . 5 f  1 . 5  


Each group had three rats. APAP denotes N-acetyl-paminophenol. 


videdbythesupplier, the percentage composition of all three powders 
was 42:42: 16 of aspirin-phenacetinmeine. 


Rat Experiments-Three studies were undertaken in which rats 
were employed. 


Study I-In Study Ia, male rats' weighing 110-150 g. were used. 
Rats were allowed to  acclimatize to  the laboratory environment 
until they reached the desired weight (1 week) and then they were 
assigned at random to different groups, nine animals in each group. 
Aspirin-phenacetindeine (42:42: 16) powder, prepared as a 
fine suspension in distilled water containing 0.5% sodium carboxy- 
methylcellulose and 0.4% polysorbate 80 at a constant volume of 
10 ml./kg. and at a dose level of 500 mg./kg. body weight in a single 
dose, was administered orally to all animals in each group. At 
each specified time interval following the administration of aspirin- 
phenacetin-caffeine, a group of rats was anesthetized; blood was 
obtained by cardiac puncture (opened thorax) and both kidneys 
were removed prior to the sacrifice of the animaL Plasma was sepa- 
rated from blood and stored frozen for future use; in the same way, 
kidneys were stored frozen after being homogenized in 0.1 N HCI 
(1 g./2 ml.). Plasma and kidney samples were analyzed for total 
N-acetyl-paminophenol, total salicylate, and caffeine at  a later date. 


In Study Ib, male rats of similar weights were used and a similar 
protocol (three animals in a group) was followed; however, only 
the kidneys were removed and their phenacetin content was esti- 
mated at a later date. 


Study 11-Protocol was similar to the one described for Study I 
(three animals in a group). However, the rats, which were of a differ- 
ent weight range (220-260 s.), received 900 mg. aspirin-phenacetin- 
caffeine/kg. In addition, phenacetin was determined in both kidney 
and plasma samples. 


Study Ill-Atiout 60 ml. of plasma was obtained from control and 
experimental groups of male and female rats that had received an 
aspirin-phenacetin-caffeine mixture (42:42: 16) at twice daily oral 
doses up to 450 mg./kg. 5 days a week for 1 month. The 1-ml. 
plasma samples were extracted as described for the estimation of caf- 
feine. The final chloroform extracts from these samples were pooled 
separately for control and experimental groups. The volumes of 
these pooled samples were reduced to about I ml. by evaporation in 


Charles River COBS-CD Strain. All animals were maintained in an 
animal care facility fully accredited by the American Association of 
Laboratory Animal Care. 


a water bath, and 2 4 .  samples were analyzed by GC for the detec- 
tion of caffeine and/or its metabolites. 


RESULTS A N D  DISCUSION 


Calibration curves for the estimation of salicylate, paminophenol, 
and caffeine in 1-ml. aliquots of rat plasma are described in Table I. 


Comparison of extraction between water and plasma showed that 
about 95% of salicylic acid and paminophenol is extracted from 
plasma and quantitative extraction is possible for caffeine. Results 
of these studies are summarized in Table 11. The determinations of 
either salicylic acid or paminophenol or caffeine were not inter- 
fered with when these chemicals were present either singly or as 
mixtures. From inspection of the results (Table Ill), it is apparent 
that the determinations of salicylic acid, paminophenol, and caf- 
feine are consistent with the percent recoveries described here. 
Almost identical results were obtained for similar determinations 
from kidney homogenates. 


After absorption of aspirin-phenacetin4eineantaining anal- 
gesics, the major chemical species and metabolites in plasma and 
tissues are likely to  be: (a) aspirin, salicylic acid, and its conjugates 
(salicyluric acid and salicylic acid glucuronides); (b) phenacetin, 
N-acetyl-paminophenol, and its conjugates(conjugates of glucuronic 
acid and sulfate); and (c)  caffeine and its metabolites (oxidation and 
demethylation products). Under the hydrolytic conditions described 
earlier, aspirin, phenacetin, and their major metabolites are con- 
verted to free salicylic acid and paminophenol. If this acid-hydro- 
lyzed mixture is shaken with chloroform and phases are separated, 
the paminophenol salt is retained in the aqueous phase, whereas 
caffeine and salicylic acid are isolated in the lower chloroform phase. 
Caffeine is soluble in chloroform, but the solubility characteristics 
(slightly soluble) of salicylic acid in chloroform (1  1) made it obliga- 
tory to  estimate the percent isolation of salicylic acid into the 
chloroform phase over the analytical concentration range. It was 
found that, on the average, over a wide concentration range (Table 
I), 95.4 f 2% of salicylic acid8 was extracted. Autcclaving for 2 hr. 
in acidic medium, which is a reported method for the hydrolysis of 
N-acetyl-paminophenol and conjugated paminophenol in bio- 
logical samples to paminophenol (8). was found to be as good a 
method for the hydrolysis of aspirin and salicylic acid cofiugates t o  
free salicylic acid in biological samples as that described by Bedford 
er al. (5). This concentration of hydrochloric acid (2 N) and the 
duration of hydrolysis (2 hr.) were found to hydrolyze only about 
5 % of phenacetin. However, phenacetin was quantitatively hydro- 
lyzed to paminophenol under more intense conditions: autoclaving 
for 6 hr. in the presence of 8 N hydrochloric acid (Table IV). The 
presence of salicylic acid or caffeine did not interfere with the analy- 
sis of phenacetin. Although both salicylic acid and phenacetin have 
significant absorption at 276 nm., neither is carried over into the 
final chloroform extract which is used for the estimation of caffeine. 
Effects of both salicylic acid and phenacetin on the estimation of 
caffeine were studied, and the results are summarized in Table V. 


GC analyses were performed to resolve the question of whether 
the absorbance at 276 nm. of the final chloroform extract of bio- 
logical sample obtained from animals that had received aspirin, 
phenacetin, and caffeine was due only to  the presence of intact 
caffeine or included some contributions from its metabolites. The 


8 Mean f SE. 
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TpMe Vm-Plasma and Kidney Levels of Total salicylate, Total N-Acetyl-paminophenol, Phenacetin, 
and caffeine following Acute Oral Administration of 900 mg./kg. Aspirin-Phenacetin-CafTeine Powder 


-Total salicylate, Mean f SP- --caffeine, Mean f SE-Total APAP, Mean f SE-Phenacetin, Mean f SE- 
Plasma, Kidney, Plasma, Kidney, Plasma, Kidney, Plasma, Kidney, 


Time0 W.ll. w./e .  mg.ll. me./e. mg./l. mce./g. mg./l. mcs./g. 


a0 min. 217 f 11 6 5 f 1 3  1 9 f 4  3 6 f  16 2 2 f  1 3 0 f 1  39 f 6 31 f 0 
40 min. 2 7 0 f 9  79 f 6 47 f 4 55 f 2 2 9 f l  36 f 0 36 f 5 34f5 
1 .OO hr. 244 f 12 6 0 * 5  39*20 25f18 3 4 f 3  38 f 3 3 0 f 7  26 f 3 
1.50hr. 2 7 l f 3 4  1 3 6 f 2 2  42=t10 6 2 f 7  38 f 3 52 f 4 45 f 28 46 f 31 


4 4 f 2  2 4 f 1 3  1 2 f 4  2.00 hr. 2 5 6 f  23 1 3 9 f  20 51 f 4 7 0 * 2 2  2 8 f 2  
4.00 hr. 281 f 80 193 f 53 41 f 31 89 f 25 33 f 10 64 f 23 
8.00 hr. 301 f 41 118 f 11 83 f 8 73 f 7 


24.00 hr. 278 * 29 8 1 f 1 1  6 8 f 1 8  3 4 f 1 1  3 7 f S  4 6 f 4  6 f 2  6 * 2  


- - - - - - 


~ -~ ~ -~ ~ ~~ ~ ~ ~~ ~ ~ ~ ~ 


Time of sacrih after the administration of aspiriihenacetin-caffeine. Each group comptised of threc rats and the values reported represent 
the mean for the group. APAP denotes N-acetyl-paminophenol. 


Table IX-Analysis of Aspirin-Phenacetin-CafTeine Powderso 


Powder Ingredient 


A Phenacetin 
Aspirin 
caffeine 


Total 
B Phenacetin p p e  


Total 
C 


Percent Percent 
Present Found 


42 45.25 
42 42.48 
16 15.70 


103.43 
42 42.59 
42 43.42 
16 15.49 


101.50 
PhenaCain 42 42.44 


42 43.97 ppe  16 14.83 
Total 100.64 


~~ 


Onemilligram samples were analyzed. 


results are illustrated in Fig. 1. Inspection reveals that the only addi- 
tional peak in samples from treated rats not present in samples from 
the control group is that of caffeine. Thus, it seems that the method 
described is specific for the analysis of caffeine; however, if any 
metabolites are present in the final extract, their concentration must 
be negligible. 


The biological usefulness of this technique is evident from the 
studies conducted in rats. The results of Studies Ia, Ib, and I1 are 
summarized in Tables VI-VIII, respectively. Inspection of Table 
VII reveals that within 4 hr. after the oral administration of a 500- 
mg. aspirin-phenacetinXafTeine mixture/kg., phenacetin disappears 
as a result of its conversion to N-acetyl-paminophenol, which is in 
conformity with the other reported observations (7). However, at 
higher dose levels of aspirin-phenacetinxaffeine (900 mg./kg.), 
higher levels of phenacetin are found in the kidney over a longer 
time following drug administration. Earlier reports (1)  also demon- 
strated the presence of unchanged plienacetin in the dog kidney. 
Table VllI summarizes the results obtained at various time intervals 
following the oral administration of 900 mg./kg. aspirin-phenacetin- 
caffeine in a single dose to  rats. The disappearance of the compo- 
nents of the aspirin-phenacetin-xfehe mixture from plasma and 
kidney occurs at a much slower rate a t  this dose level. The phenace- 
tin concentration at 24 hr. was nedieible, although significant con- 
centrations of total salicylate, total N-acetyl-paminophenol, and 
caffeine were found in plasma and kidney. 


It should be noted that: (a) the gentisic acid formed from salicylic 
acid (about 1 of the dose) and 2-hydroxyphenacetin, constituting 
about 1 of the phenacetin dose (4), will not be estimated by the 
procedure described; and (b) the phenacetin concentration calcu- 
lated from the difference between total paminophenol (obtained 
after 6 hr. of hydrolysis) and total N-acetyl-paminophenol (after 
2 hr. Qf hydrolysis) represents only an apparent d u e ,  because it 
might include the minor metabolite, pphenetidin (1) and unexcreted 
N-acetyl-paminophenol glucuronide, the ether linkage of which 


might be resistant to 2-hr. hydrolysis. However, observations’ 
indicated that N-acetyl-paminophenol glucuronide, if present, is 
completely hydrolyzed to paminophenol under the conditions de- 
scribed for the hydrolysis of phenacetin. 


Since the method was designed to estimate caffeine, total salicy- 
late, and total paminophenol, it can be employed for the analysis of 
aspirin-phenacetin-caffeine formulations. The results of the analyses 
of three such powders are summarized in Table IX. In comparison 
to  currently employed column and GC techniques for the estimation 
of the percentage composition of aspirin-phenacetindeine 
formulations (12), the solvent extraction method is simple and re- 
quires no equipment other than a spectrophotomter. 
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An ticonvulsant Activity of Subs ti tuted 
Benzo y lp yridines 


M. P. BREEN*, E. M. BOJANOWSKI*, R. J. CIPOLLE*, 
W. J. DUNN, 111, E. FRANK, and J. E. GEARIEN. 


Abstract A series of substituted benzoylpyridines was prepared 
and evaluated for their ability to prevent convulsions induced by 
electroshock. Results of regression analysis indicate that electron- 
releasing substituents enhance anticonvulsant activity in this series. 
A log Po of 2.66 was found, which is near the average value of 2 
found for 16 series of hypnotics. 


Keyphrases IJ Benzoylpyridines, substituted-synthesized as poten- 
tial anticonvulsants, structure-activity relationships [I Anticonvul- 
sants, potential-synthesis of series of substituted benzoylpyridines, 
structureactivity correlations Structure-activity relationships- 
series of substituted benzoylpyridines, synthesized as potential anti- 
convulsants Partition coefficients-series of substituted benzoyl- 
pyridines, synthesized as potential anticonvulsants 


The ability of 4-benzoylpyridine (I) to protect mice 
from convulsions induced by electroshock prompted 
the synthesis and study of a series of benzoylpyridines 
in which the phenyl group was replaced by a variety of 
alkyl groups (1). While these compounds still possessed 
anticonvulsant activity, they were less potent than 4- 
benzoylpyridine ( I ) .  In the hope of obtaining more 
potent compounds, a series of substituted benzoyl- 
pyridines was prepared and examined for anticonvul- 
sant activity. The physical constants ahd analytical 
data for the compounds from the Grignard reaction 
are reported in Table I. 4-Nitrobenzoylpyridine was 
prepared following the procedure of Bryans (2). To 
gain additional information for structure-activity 
relationships, the results of the biological evaluation 
were subjected to regression analysis. For this purpose, 
the previously reported compound, 4-benzoylpyridine, 
was included in the analysis (1). 


EXPERIMENTAL' 


Melting points were determined in capillary tubes and are un- 
corrected. The structures of the compounds were confirmed by 
their IR and proton magnetic resonance (PMR) spectra. I-Octanol- 
water partition coefficients were determined according to published 
procedures (3) and are the averages of at least three determinations. 
For some of the compounds, it was necessary that log P be esti- 
mated. This was done by taking advantage of the additive-constitu- 
tive nature of log P (3). The T values used in the estimations were 
from the phenoxyacetic acid system (4), with the exception of that 
for the 4-rcw-butyl group which was taken from the benzene system 
(4). The anticonvulsant activities were determined according to 
Turner (5) and are reported as pC, where C is the concentration 
(in moles per kilogram) required to protect 50% of the mice from 
electroshock. Regression analyses were carried out using a non- 
weighted multiple linear regression program and a computerz. 


Substituted Benzoylpyridines-To a stirred suspension of 0.10 
mole magnesium turnings was added dropwise, with stirring, a solu- 


1 Analyses for carbon, hydrogen. and chlorine were performed by 
Micro-Tech Laboratories, Skokie, 111. Analyses for nitrogen were per- 
formed with a Coleman automatic nitrogen analyzer. 


8 IBM 3101155. 


tion of 0.10 mole of substituted bromobenzene in 50 ml. of an- 
hydrous ether. I t  was sometimes necessary to add a crystal of iodine 
to initiate the reaction. After the addition was completed. the re- 
sulting mixture was heated at reflux temperature for 1.5 hr. and 
then cooled to room temperature. A solution of 5.2 g. (0.05 mole) 
of 4cyanopyridine in 100 ml. of anhydrous ether was added d r o p  
wise with constant stirring over 1 hr. The reaction mixture was 
heated at reflux temperature for 24 hr. and then treated with 200 
ml. of 10% hydrochloric acid. The aqueous layer was separated, 
and the ether layer was washed three times with 50-ml. portions of 
25 hydrochloric acid. 


These washings were added to the aqueous layer, and the com- 
bined aqueous phase was made alkaline (pH 8 )  with 40% sodium 
hydroxide solution. This alkaline mixture was cooled to room 
temperature and extracted six times with ether. The ether extracts 
were combined and dried (sodium sulfate). The amino-ketone was 
obtained by evaporation of the ether; if solid, it was purified by 
recrystallization or, if liquid, it was purified by distillation (Table I). 


4-Isonicotinylben~ulfon~mide-To 107.2 g. (0.92 mole) of 
chlorosulfonic acid, cooled to 10-15'. was added 26.7 g. (0.16 mole) 
of 4-benzylpyridine in small portions with constant stirring. After 
the addition was complete, the reaction mixture was allowed to 
warm to room temperature and was then heated to 70' for 30 min. 
It was cooled to room temperature and then poured slowly, with 
stirring, into 600 g. ice in 100 ml. water. The mixture was kept at 0" 
for 3 hr., during which time a white precipitate formed. This pre- 
cipitate was filtered, dried, and used without further purification. 


T$e crude product (34.8 g., 0.13 mole) was treated with 75 ml. 
of ammonium hydroxide solution (28 %). After the vigorous exo- 
thermic reaction had subsided, the orange mixture was heated over 
a steam bath for 45 min. At the end of this time, the mixture was 
cooled to room temperature and 6 N hydrochloric acid was added 
dropwise with constant stirring. At pH 7 5 ,  a precipitate formed. 
The flask was placed in an ice bath, and more hydrochloric acid 
was added with constant stirring until a pH of 4 was obtained. The 
mixture was kept at 0' for 2 hr., and the solid precipitate was re- 
moved by filtration. Following recrystallization from water-isopro- 
pyl alcohol (1 : I), 23.2 g. ( 7 2 z )  of a slightly tan solid, m.p. 148- 
151 O, wasobtained. 


This sulfonamide (4.7 g., 0.019 mole) was treated with potassium 
permanganate (8.0 g., 0.05 mole) in 200 ml. of water. The reactants 
were thoroughly mixed and then heated at reflux temperature for 
1.5 hr. At this time, an additional 8 g. (0.05 mole) of potassium 
permanganate was added and heating was continued for 30 min. 
A final 2-g. (0.012-mole) portion of potassium permanganate was 
added, and the mixture was heated at  reflux temperature for a final 
60 min. The mixture was then cooled to room temperature, de- 
colorized with 3-4 drops of alcohol, and filtered. The brown filter 
cake was digested with 300 ml. of ethanol on a steam bath, cooled 
to room temperature, and filtered. The alcoholic filtrate was then 
concentrated under vacuum. A gray crystalline product formed and 
was recrystallized from ethanol, giving 1.6 g. (32.1 %) of white 
needles, m.p. 185-187". The initial aqueous filtrate was made neu- 
tral with 6 N hydrochloric acid and was concentrated to 50 ml. 
This slightly yellow solution was then placed in an ice bath, and 
further quantities of 6 N hydrochloric acid were added until a 
precipitate began to appear at pH -5. The beaker was scratched 
with a glass rod and placed in the freezer for 60 min. At this time 


I 11: R = alkyl 
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TaMe 1-4-(Substituted benzoyl) Pyridines 


Boiling Point 
or Crystallization -Analysis, %- 


R Melting Point Yield, Solventa Formula calc. Found 


4-F 


ZCF, 


2-OH 


81-84" 


116-1 17" 


76-77 O 


67 A CitBFNO C 71.64 71.69 
H 3.98 4.09 
N 6.97 7.00 


40 A CirHeClFfiO C 54.26 54.58 
H 3.13 3.41 


4.69 N 4.87 
44 B CiBoNO, C 72.36 72.41 


H 4.52 4.41 
N 7.04 7.02 


2-OCHa *HCI 215-2180b 60 A CirHizC1NOI C 62.53 62.46 
H 4.81 4.87 
CI 14.23 14.35 
N 5.61 5.70 


4-OCHa 118-120"" 64 A CiaHiiNOI C 73.24 73.36 
H 5.16 5.21 


4-CHa 


2-CHj 


N 6.57 6.81 
93-95" 51 A Ci aHii NO C 79.19 79.05 


H 5.58 5.58 
N 7.11 7.25 


1 13-1 15y0.07) 65 CirHiiNO C 79.19 78.92 
H 5.58 5.87 
N 7.11 7.24 


2,S(CHa)r * HCI 176-178"' 54 A Ci 4Hi 4CI NO C 67.88 67.62 
H 5.66 5.75 
CI 14.34 14.19 
N 5.66 5.66  


62-64' 44 A Ci8HiiNO C 80.33 80.32 
H 7.11 7.25 
N 5.86 5.97 


44CHa)a-C 


a A = ethanol. and B = 2-propanol. b Isolated as the hydrochloride. c H. Marxer, Helo. Chem. Acfa. 52. 262(1969). reportcd a melting point O f  
118-122". 


the mixture was filtered and the solid was air dried for 3 hr. and 
then recrystallized from ethanol to yield an additional 1.5 g. (total 
yield 61.7%)ofwhiteneedles, m.p. 184-187.5". 


Anal.--Calc. for CiiHIoNIOaS: C, 54.96; H, 3.82; N, 10.69. 
Found: C, 54.60; H, 3.51; N, 10.42. 


RESULTS AND DISCUSSION 


Attempts to correlate the anticonvulsant activity of the sub- 
stituted benzoylpyridines with various physicochemical parameters 
are summarized in Eqs. 1-3: 


pC = 2.84(&0.49) + 0.15(+0.20) log P 
n = 1 3 s  = 0.26r = 0.46 (Eq. 1) 


pC = 2.17(&0.79) + 0.80(&0.68) log P - 0.14(+0.14)(l0g P)* 
n = 13 s = 0.22 r = 0.69 (Eq. 2) 


pC = 2.37(&0.64) - 0.35(*0.28)~ + 0.77(f0.54) log P 
-0.14( f 0.1 I)(log P)' 


n = I3 s = 0.18 r = 0.84 log PO = 2.66(2.16 to 4.22) (Eq. 3) 


In these equations, n is the number of compounds used to  derive 
each equation, s is the standard deviation of the regression, and r 
is the correlation coefficient. The reduction in variance that results 
from addition of the Hammett u constant to Eq. 2 is significant at 
the 95% level of confidence; Fl,8 = 7.932, Fl.p,o,o, = 5.117. Al- 
though the correlation of Eq. 3 is not exceedingly sharp, the "un- 
explained" variance is small (0.27) and is probably due mainly to 
experimental error. The values in parentheses are 95% confidence 
intervals on the coefficients that they follow. For the derivatives 
of this study, there is no interrelationship between the independent 
variables (r* for correlation of log P with u is 0.102). The negative 
coefficient with the u term indicates that electron-releasing sub- 
stituents enhance anticonvulsant activity in the series. The series con- 
tains only three compounds with negative u groups. More deriv- 
atives with electron-donating groups, as measured by u, and lip@ 
philic groups, as measured by 7 ,  balanced so as to give a log P near 


the log Po of 2.66 found for this series, should be made. An example 
is the 4-isopropoxy compound with u = -0.45 and log P estimated 
to be 2.74. Its activity, calculated from Eq. 3, is 3.60. The most inter- 
esting parameter determined from this analysis is the log PO = 2.66. 
This is very near the average value of 2.00 found for optimum lipo- 
philicity for 16 sets of hypnotics (6). I t  has also been found that log 
Po = 2.30 gives optimum concentration of benzeneboronic acids in 


Table 11-Anticonvulsant Activity of 
C(Substituted benzoyl) Pyridines 


0 


---pC- 
calc. 


R log P u' Obs. (Eq. 1) (ApC) 


1 4-F 2. 13' 0.06 3.51 3.34 0.17 
2 3-CFI 3 . 0 9  0.47 3.43 3.22 0.21 
3 2-OCHa 1 .8Sd 0.12 3.41 3.26 0.15 
4 2-CH3 2.82' 0.29 3.41 3.29 0.12 
5 H  1 .9lId 0.00 3.39 3.33 0.06 
6 4-OCHa 1.94' -0.21 3.27 3.42 0.15 
7 2,5-(CHa)z 3.33' 0.22 3.25 3.25 0.00 
8 4-CI 2.6Id 0.23 3.24 3.32 0.08 
9 4-CH3 2.51d -0.17 3.19 3.45 0.26 


I I  4 - N a  I .7Sd 0.78 3.01 3.00 0.07 
12 2-OH 2. 14d 1.22 2.70 2.93 0.23 
13 4-SOzNH2 0.57d 0.57 2.56 2.57 0.01 
14 4-OH 1.37d -0.37 Inactive 3.29 - 


0 G. B. Barlin and D. D. Perrin, Quarf. Reo.. 20.75(1966). log P = 


log P CsHC(=O)Ct.HaN + X - C P ~  = 1.98 + 1.07 = 3.05. d Zxperi- 
mental value. this laboratory. = 106 P = log P G,HK(==O)CsHaN + 


- 


10 4-(CHj)aC 3 . W  -0.20 3.17 3.22 0.05 


log P GHsC(=O)CsH4N + ~ 4 . y  = 1.98 + 0.15 = 2.13. C l O  P = 


ri.cijt = 1.98 + 0.84 2.82. I log P = log P CsHsC(=O)CsHaN + 
*?-ci i t  + K S . ( : H )  1.98 + 0.84 + 0.51 = 3.33. slog P = log P 
CdHsC(=O)Ct.HaN + T I . C ( C I I ~ ) :  1.98 -t 1.98 = 3.96. 
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mouse brain (6), and optimum anesthetic potency to mice (7) of 
a series of 26 ethers administered in vapor phase was associated 
with log Po = 2.35. Our result is consistent with these observations. 


The inactivity of the 4-hydroxy derivative is difficult to explain on 
the basis of lipophilicity and the electronic nature of the OH group. 
Its predicted activity according to Eq. 3 is 3.29. Since the compound 
showed no activity, it must not be accessible to the CNS. This 
could be due to metabolism but further work would be necessary 
to substantiate this. 
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Topical Mosquito Repellents VI: Sulfonamides and 
Quinoline-4-carboxylic Acid Derivatives 


F. GUALTIERI*, P. TSAKOTELLISt, W. SKINNER’, H. JOHNSON, 
D. SKIDMORES, and H. MAIBACH$ 


Abstract 0 Certain sulfonamides derived from butanesulfonic acid 
are repellent to female Acdrs uegypri mosquitoes. Exploration of 
the structureactivity relations revealed that the boiling point is 
the most important factor controlling duration of activity as topical 
repellents. Quinoline-4-carboxylic acid derivatives were explored 
for their repellency, and amides were found less active than were 
esters, primarily due to their low volatility. 


Keyphrases 0 Mosquito repellents, topical-synthesis, evaluation 
of butane sulfonamides and quinoline-4carboxylic acid derivatives 
0 Repellents, mosquito, topical-synthesis, evaluation of butane 
sulfonamides and quinoline-4-carboxylic acid derivatives 0 Quino- 
line-4-carboxylic acid derivatives-synthesis, evaluated as topical 
mosquito repellents 0 Sulfonamides, butane-synthesis. evaluated 
as topical mosquito repellents 0 Volatility, quinoline-4-carboxylic 
acid derivatives-relationship to mosquito repellency 


In 1967, Pervomaisky et al. (1) reported that certain 
butane sulfonamides were effective mosquito repellents. 
The most active of these was reported to be the hexa- 
methyleneimino derivative. This compound and several 
other analogs were synthesized in the present study for 
evaluation as topical repellents for Aedes aegypti mos- 
quitoes (Table I). The syntheses were straightforward, 
utilizing n-butanesulfonyl chloride in benzene with an 
excess of the amine. The products were purified by 
vacuum distillation. 


All derivatives were evaluated topically on human 
subjects as previously described (2). None of the analogs 
of Compound 1 improved on its activity as a mosquito 
repellent, although Compounds 3 and 4 had similar 
activities. As in compounds previously studied as repel- 
lents, duration of repellency in a series is a function of 
the boiling point of the compounds. In this series, maxi- 


mum duration seems to be achieved with boiling points 
of 120-130”/0.5 rnm. whereas N,N-diethyl-rn-tolu- 
arnide, which lasts longer, boils a t  lOOo/0.5 mm. 


Another interesting lead to mosquito repellents was 
reported in 1968 (3, 4). These investigators found that 
certain cinchoninic acid esters were highly repellent. 
These compounds were evaluated in the present study 
and several arnide analogs were synthesized (Table 11). 
None of the amides exhibited any  degree of repellency, 
probably due to the fact that volatility is reduced too 
much going from the esters to the arnides. 


Four of the sulfonamides were evaluated on cloth 
by the U. S. Department of Agriculture (Table 111). 
The superiority of Compound 1 in these tests over di- 
methyl phthalate is interesting. 


EXPERIMENTAL 


n-Butyl Sulfonamides-A solution of n-butanesulfonyl chloride 
(0.03 mole) in anhydrous benzene was slowly added to a solution 
of the amine (0.06 mole) in anhydrous benzene with cooling and 
stirring. The solution was then heated to reflux for I hr. and, after 
cooling, the benzene solution was washed with water and dried with 
sodium sulfate. The oil remaining after evaporation of the solvent 
was distilled through a short Vigreux column. 


Quinoline4carboxylic Acid Pyrrolidine Amide-Quinoline-4- 
carboxylic acid chloride (0.1 mole) (7) was added in small portions 
to a solution of 0.25 mole of pyrrolidine in anhydrous benzene. 
After I hr. at room temperature, the mixture was heated to reflux 
for 1 hr. and then cooled, and the benzene solution was washed 
with water. After drying with sodium sulfate and evaporation of the 
solvent, the oil was distilled irr ~iucuo. 


Biological Evaluation: Cloth Tests-Fifty milligrams of the test 
material is placed in a 2-dram vial to which 0.75 ml. of acetone or 
other solvent is added. When the chemical is thoroughly dissolved, 
a 50-cm.9 ( 5  X 10-cm.) piece of muslin bandage is rolled, placed in 
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Optimizing Dermatological Formulations of Retinoic Acid 


DAVID A. SCHLICHTING’, WILLIAM M. WOODING, and MlCHAEL BROWN 


Abstract 0 Formulations of retinoic acid for the topical treatment 
of ichthyosiform and seborrheic dermatoses were developed. They 
were evaluated for their skin irritation potential on rabbits, as a 
measure of pharmacological “activity,” by studying erythema and 
scab-formation times. Different types of vehicles and varying con- 
centrations of retinoic acid were studied. It was found that relatively 
high concentrations of retinoic acid ( 0 . 1 4 2 ~ )  were necessary in 
lipophilic vehicles (in which retinoic acid is relatively insoluble) to 
achieve a desirable irritation level. Such formulations should be use- 
ful for treating ichthyosiform dermatoses. Conversely, it was found 
that relatively low concentrations of retinoic acid (O.OOl-O.OSO~) 
were preferable in hydrophilic vehicles (in which retinoic acid is rela- 
tively soluble) to achieve a desirable irritation level. Such formula- 
tions should be useful for treating seborrheic derrnatoses. 


Keyphrases 0 Retinoic acid-development of topical formulations 
for treatment of ichthyosiform and seborrheic dermatoses 0 Topical 
formulations, retinoic acid-developed for treatment of ichthy- 
osiform and seborrheic dermatoses 0 Dermatology-retinoic acid 
formulations developed for treatment of ichthyosiform and sebor- 
rheic dermatoses 0 Ichthyosis, treatmentdevelopment of retinoic 
acid formulations 0 Seborrhea, treatment-development of ret- 
inoic acid formulations 


The application of vitamin A acid or retinoic acid 
to therapy of topical diseases was first reported by Stutt- 
gen in 1962 (1). He observed irritation in which vaso- 
dilation and slight perivascular infiltration were seen 
and in which keratolysis of the epidermis occurred with 
no observable effects on the dermis. He reported some 
success in treating ichthyosis vulgaris, senile hyperkera- 
tosis, and acanthosis, using lipophilic ointments con- 
taining O.I-l.O% retinoic acid. He observed minimal 
pharmacological activity without irritation in ichthyo- 
sis, using an ointment containing 0.01 % retinoic acid. 
He found neither activity nor irritation using a 0.01 
alcoholic solution. 


Subsequently, much new information has been added. 
Possible effectiveness in Darier’s disease (2, 3), kerato- 
acanthomas (4), acne (2,5-8), psoriasis (2,9), congenital 
ichthyosiform erythroderma (2, lo), zosteriform keratosis 
(1 l), lamellar ichthyosis(l2), and wound healing (13) has 
been reported. Of special interest are the reports on the 
treatment of seborrheic conditions such as acne, in 
which hydrophilic vehicles are preferred, and of ichthyo- 
siform conditions, in which hydrophobic vehicles are pre- 
ferred. 


From the early reports that discuss vehicles and reti- 
noic acid concentration in relation to irritation, it was 
hypothesized that irritation is probably directly related 
to retinoic acid activity and that a desirable “activity” 
level would be mild erythema with little or no scab 
formation. Thus, screening of vehicles and evaluation 
of concentration effects could be determined effectively 
in animal skin irritation tests. Ichthyosiform dermatoses 
can best be treated with lipophilic vehicles that partially 
occlude the area, render the skin more pliable, and offer 
physical protection. The skin barrier is not intact due 


to the disease; to prevent rapid penetration and to 
achieve a sustained local effect, retinoic acid should be 
relatively insoluble in the vehicle. However, seborrheic 
dermatoses (especially acne) can best be treated with 
hydrophilic vehicles that tend to remove excess sebum, 
impart a desirable drying effect, and enhance retinoic 
acid absorption. This can be accomplished using a 
vehicle that penetrates well and also dissolves retinoic 
acid well. Thus, two different types of vehicle are re- 
quired for broad clinical evaluation. 
As a result of these considerations, a series of experi- 


ments was planned. The objectives were: (a) to deter- 
mine the purity and stability of retinoic acid and its 
solubility in various materials that could be used in 
dermatological formulations; (b) to choose the materials 
in which the retinoic acid showed greater solubility for 
possible use as hydrophilic vehicles and those in which 
it showed lesser solubility for use as hydrophobic vehi- 
cles; (c )  to formulate o/w and w/o test vehicles; and (d) to 
carry out a pharmacological screening study to assist in 
selecting optimal formulations containing sufficient 
retinoic acid to produce a desirable, mild irritation 
without undesirable edema and scab formation. The 
solvents and the formulations used are identified below. 


EXPERIMENTAL 


Cbemicsls--All of the commercially available isomers of retinoic 
acid were investigated, and all-rranm9inoic acid’ was chosen for 
these studies. This is the most readily available form and has been 
used in some reported clinical studies. Of course, the activity of phys- 
ical forms of all-trans-retinoic acid other than that used and of 
ofher isomers and combinations of isomers may be different than 
that chosen, so these results will not necessarily be representative of 
all forms. 


The purity of all-frurirretinoic acid was verified by U V .  IR, dif- 
ferential scanning calorimetry, TLC, and column chromatography, 
and good evidence of at least 95 


Sherman (14) demonstrated unusually good stability for an all- 
trans-retinoic acid solution in petroleum ether subjected to U V  light. 
The sclution also showed good stability in various other organic 
solvents when stored in the dark at room temperature for up to 3 
months. These results have been verified in the authors’ laboratory 
for some solvents and for the formulations reported here. 


SdubWty-Retinoic acid solubility in potential ointment vehicles 
was determined. and it was found that higher molecular weight 
liquid alkanols and polyethylene glycol ethers of these alkanok were 
relatively good solvents, but that fatty esters, cholesterol esters, and 
hydrocarbons were relatively poor. Representative room tempera- 
ture solubilities (percent w/w) are as follows: lauryl alcohol’, 2.5; 
2-octano1, 1.8; ethoxylated lauryl alcohola, 1.5; polyethylene glycol 
400, 0.5; almond oil, 0.2; isopropanol, isopropyl myristate. and 
acetylated cholesterols4,0.2; and mineral oil, 0.008. A supersaturated 
solution (0.04 at room temperature) was obtained by incorporating 
retinoic acid in liquid petrolatum at 58”. 


Formulation-Using this solubility information, an o/w cream 
(Formula A) in which retinoic acid is relatively soluble was formu- 


purity was obtained. 


1 Eastman Kodak Co. 
* Loral 5. Du Pont. 
a Brij 30, Atlas. 
4 Acetulan, American Cholesterol Products, Inc. 
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Table I-Identitication of Formulas 


T m t -  
ment 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 


17 
18 
19 


-nt Retmoic Acid 


0.2Ooo 
0. uww) 
0.2Ooo 
0.2000 
0.u)Oo 
0.0500 
0.0100 
0.0500 
0.2Ooo 
0.0100 
0.0500 
0.uww) 
0.0100 
0.0500 
0.2Ooo 
0.0500 


O.oo00 
0.0001 
0.0010 


Desctiption of Vehicle 


Formula Ba (wlo, e r a l  o!l) 
Formula P (w/o. m d  od 
Formula Co (w/o, almond oi$ 
Formula cb (wlo, almond oil) 
Formula A (o/w, lauryl alcohol) 
Formula A (o/w, lauryl alcohol) 
Formula A (o/w, lauryl alcohol) 
Mineral oil 
Mineral oil 
Almond oil 
Almond oil 
Almond oil 
Lauryl alcohol 
Lauryl alcohol 
Lauryl alcohol 
Formula D (o/w, hexadecyl 


Formula A (o/w, lauryl alcohol) 
Formula A (o/w, lauryl alcohol) 
Formula A (o/w, lauryl alcohol) 


alcohol) ‘“I 
6 Doy Data 


a Retinoic acid incorporated cold. b Retinoic acid incorporated hot. 


lated. It contained the following ingredients (percent w/w): lauryl 
alcohol, 2; ethoxylated lauryl alcohol, 3; propylene glycol, 5; 
stearyl alcohol, 4; ethoxylated stearic acid‘. 3; glyceryl monostear- 
ate, 4; silicone 500 CST6, 2; and water 4s. The first three ingre- 
dients, based upon the solubility data, apparently contributed most of 
the solubility characteristics of the cream. For the w/o ointment 
(Formula B), in which retinoic acid is relatively insoluble, coldcream 
USP XVII containing spermaceti, white wax, mineral oil, sodium 
borate, and water were used. None of these ingredients appeared to 
contribute appreciably to retinoic acid solubility. A w/o cold cream 
formula, substituting almond oil for mineral oil, was also prepared 
(Formula C). The ointments were milled so that retinoic acid a y s -  
tals were reduced to a mean size of about 50 p. An alternate o/w 
cream (Formula D), similar to Formula A but containing 5 %  hexa- 
decyl alcohols’ instead of lauryl alcohol and ethoxylated lauryl 
alcohol, was also evaluated. The chemical and physical stabilities of 
these formulations were determined to be adequate for testing pur- 
poses. The formulas are identified in Table l. 
Plmrmacologlcd !bedng-Preliminary work indicated that the 


albino rabbit would be an acceptable model. For Experiment 1, 
New Zealand White male rabbits were selected and were equili- 
brated with plastic collars. It was planned to evaluate 16 formulations 
(Table I), and 16 rabbits were randomly selected for testing from a 
larger group. The experimental design was a Youden “square,” 
having six rows and 16 columns, with rows representing positions on 
each animal’s back and columns representing individual rabbits. A 
unique subset of six of the 16 formulations was to be tested on the 
six sites on each rabbit’s back. This Youden square design has the 
characteristic that every formulation is tested an equal number of 
times (six), and every formulation appears together with every other 
one an equal number of times (twice). The subsequent statistical 
analysis of the data, described below, ensured that treatment means 
would be adjusted to isolate the influences of position (if any) and 
animal differences, so that treatments could be compared in an un- 
biased fashion. 


The dorsal-lateral hair was removed from the backs of the 16 
animals by careful clipping on the day before the test began. Tattoos 
were applied to designate test areas on each back. A template pro- 
viding six 3.8 x 7.6-cm. (1.5 X 3.0-in.) sites, with 3.8 cm. (1.5 in.) 
or more between each, was used to locate the six positions. On the 1st 
day of test, a 1OO-mg. quantity of test ointment or liquid was applied 
to each site, using a smooth polyethylene spatula to distribute the test 
material uniformly. The order of treating the 16 sites on each 
rabbit’s back was randomized, and for each subsequent application, 
new randomizationswere used. Treatments 1-16 were used (Table J). 


6 Myrj 52, Atlas. * Dow. 
7 Enjay. 


1 
9 D q  Data 


Figure I-Tukey multiple-comparison :em for all :wo-treatment 
erylhema comparisons of the first 16 treatmenls listed in Table I.  
Mean scores are arranged in rank order. LSDO. ,~  dues are plotted 
on the same scale. 


The six sites on each back were treated daily for 10 days. Prior to 
each daily application, each treated area was carefully observed, 
again in a random order and with the observer having no knowledge 
of the identity of the formulation used at each site. One observer 
scored each site for erythema each day in this way, using a scale of 
1-12 (1 = “no erythema,” 12 = “maximum erythema1 response”). 
Edema was scored similarly and separately by the same observer. 


t I - LSD 0.05 - 
Figure I-Tukey mulliple-comparison tests for all two-treatmen: 
scab formation rime comparisons of the first 16 treatments listed in 
TaMe I .  Mean scores are arranged in rank order. LSDO.~:, oalues are 
plotted on :he same scale. 
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TaMe 11-Mean Erythema Scores for Formula A 
(o/w, Lauryl Alcohol) 


Table III-Significance Levels (Tukey Tests) 
for Erythema Scores in Table I1 


Retinoic Acid Formula. A 
Treat- -Concentration- I Meansa Concentrations -Significance Level (p  < 0.10+ 
ment z p.p.m. Day 3 Day6 Day9 Compared, p.p.m. Day 3 h Y 6  Day 9 


n.s. n.s. n.s. 
<0.01 <0.01 n.s 


17 O.oo00 0 1.81 1.88 1.84 (OH1)  


<0.01 <0.01 <0.05 
18 O.ooO1 1 1.91 1.84 1.78 ( O H l O )  


<0.01 n.s. 
19 0.0010 10 2.56 2.31 2.00 (Q-000) 


<0.05 
co.01 <0.01 <0.01 


7 0.0100 100 3.06 2.75 2.63 ( I H W  


a Lowest score (1) = no erythema and highest score (5) = mild ery- ~ ~ O H l O o )  n.s <0.05 <o. 10 
(1)+100) 


thema. 


Eschar formation was checked daily for 10 days and recorded so 
that scabbing formation time could be determined by adopting the 
convention that there was scab if it was observed in two successive 
days, in which case the elapsed time to formation was taken as that 
on the first of the 2 days. Independent statistical analyses of the ery- 
thema scores obtained on Days 3 , 6 ,  and 9 were done. These three 
intervals were specified a priori. Edema scores did not appear to con- 
tribute much information and were not analyzed. Figure 1 shows 
the results of the comparison of means of erythema score data using 
computed least-significant difference values' for all treatments on 
Days 6 and 9. Figure 2 shows the results of the comparison of means 
of scabbing time data using computed least-significant difference 
values for all treatments. 


Experiment 2 was done in a similar manner, but the design pro- 
vided for the use of all treatments on each animal. In this experi- 
ment, four concentrations of Formula A were studied (0, 1 ,  10, and 
100 p.p.m.), and only four sites were wed on each rabbit. Since the 
erythema1 scores were expected to occur predominantly a t  the low 
end of the original 12-point scale and the observer was sufficiently 
experienced to score smaller differences, the precision of the meas- 
urement was increased by a faurfold expansion of (he lower portion 
of the scale used previously (between 1 and 5). Edema and scabbing 
time were not considered important to this experiment and were 
not reported. The same observer scored the results in both experi- 
ments. A 4 X 4 Latin square design was used with all four levels of 
retinoic acid applied to each animal. The Latin square was repli- 
cated once; therefore, eight animals were used. The formulas, Treat- 
ments 7, 17, 18, and 19, are reported in Table 1. The mean erythema 
scores are reported in Table 11. Tukey HSD tests fot all possible com- 
binations are reported in Table 111. 


RESULTS AND DISCUSSION 


The data from Experiment 1 were analyzed after replacing missing 
values by least squares (there were four missing values). Then a re- 
sidual analysis was done to check the effectiveness of the randomiza- 
tions and to test the adherence of the data to the assumptions under- 
lying the analysis. Treatment means adjusted for block effects were 
then computed, and an independent analysis of variance was done 
on the data from each of the 3 days chosen for analysis. There was a 
significant effect ( p  < 0.05) for treatments on Day 3 and a highly 
significant effect ( p  < 0.01) on Days 6 and 9. Scab formation time 
data were analyzed similarly, showing a highly significant effect for 
treatments ( p  < 0.001) and a significant effect for positions ( p  < 
0.05). 


Tukey multiple-comparison tests were done on all two-treatment 
comparisons for erythema for Days 6 and 9 and are shown in 
Fig. I .  The means of erythema scores are arranged in rank order, 
with the Tukey least-significant difference ( p  = 0.05) plotted alang- 
side them on the same scale. 


These comparisons show that Treatments 13, 14, and 15 were 
highest of all treatments on the irritation scale for Experiment 1 .  
Since they contained very different quantities of retinoic acid but 
used lauryl alcohol exclusively as the vehicle, the data suggest that 
the alcohol contributed strongly to the irritation observed. In view 
of the literature, however, it was believed that retinoic acid itself is 
an irritant; therefore, it was hypothesized that a strong irritating ef- 
fect of lauryl alcohol was masking differences in irritation due to 


Tukey HSD test. 


retinoic acid concentration. The results of Experiment 2 tended to 
verify this hypothesis. 


The poor solvents that were tested (mineral oil and almond oil) 
either as retinoic acid suspensions or as ointments containing 0.2- 
0.01 % retinoic acid appeared piedominantly at the low end of the 
irritation scale, as desired. 


As mentioned. the edema scores were not sufficiently sensitive 
to give much additional information and are not reported. 


Figure 2 presents the means of scabbing times arranged in rank 
order, with the slowest scabbing time being highest in the order, 
and the Tukey least-significant difference plotted alongside them on 
the same scale. These results reinforce the observation that the poor 
solvents gave low erythema scores. 


A Spearman Rank Correlation test, done to investigate the rela- 
tionship between erythema scores and scab formation time on each 
of the 3 days, showed rank correlation coefficients of -0.85 and 
-0.79 for Days 6 and 9, respectively, significant at p < 0.01 in 
both cases. These results show that either response is a reasonably 
good predictor of the other. 


Experiment 2 was designed to investigate the dose-response effect 
of retinoic acid at  lower concentrations (0, 1, 10, and 100 p.p.m.) 
in Formula A. Residual analyses were carried out, and conventional 
analyses of variance for Latin squares were done separately for Days 
3,6, and 9 for erythema scores only. Neither edema scores nor scab- 
bing time observations were useful measurements at these low irrita- 
tion levels. The effect of concentration was strongly significant in 
altcases-uiz., on Days 3 and 6 (p  < 0.001) and on D a y  9 ( p  < 0.01). 
The mean erythema scores are reported in Table 11. Following the 
ANOVA's, Tukey leazt-significant difference tests were done for all 
pairs of concentrations for each of the 3 days. The results are 
shown in Table 111. The table indicates that the concentrations 
chosen were on an effective portion of the doseresponse curve and 
that a significant difference could be found in comparing all possible 
combinations except the lowest (O.OOOl), which was not different 
from zero. 


By assuming that irritation does reflect retinoic acid activity, then 
the choice of the vehicle and the availability of retinoic acid in that 
vehicle must be optimized for the intended drug use. 


It was concluded that, when extending these results to human 
clinical work, it would be advisable to treat ichthyosiform derma- 
toses with w/o emulsions in which retinoic acid is relatively insolu- 
ble and preferably at concentrations of 0.10% or more. For treat- 
ing acneiform or seborrheic dermatoses, the preferable form would 
be o/w emulsions in which the solubility of retinoic acid is relatively 
high and preferably at concentrations of 0.05 
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Alterations in Absorption of Dicumarol by 
Various Excipient Materials 


M. J. AKERS*, J. L. LACH*, and L. J. FISCHERtA 


Abstrpct 0 A plasma level study was conducted in dogs to determine 
the effects of various excipient materials on the absorption of dicu- 
marol. Thedrug wascombined with the excipients by an equilibration 
process and administered orally. Plasma concentrations of dicumarol 
after administration with excipients were compared to control levels 
produced by the drug given alone. Significant differences in the 
plasma levels of dicumarol were observed with six of the 10 excipi- 
ents used in the study. Significantly higher plasma levels (up to 16OX 
of control values) were observed when dicumarol was administered 
with magnesium oxide or hydroxide. This effect may be due to che- 
late formation because the magnesium chelate of dicumarol pro- 
duced higher plasma levels of dicumarol than the drug admhis- 
tered alone. Dicumarol administration with talc, colloidal mag- 
nesium aluminum silicate, aluminum hydroxide, or starch resulted 
in significantly lower plasma levels of the drug. It is suggested that 
these types of interactions may be an explanation for ditrerences in 
the bioavailability of dicumarol from different dosage formulations. 


Keypbtslws 0 Dicumarol absorption--effect of various excipients 
on plasma levels, dogs 0 Absorption, dicumarol4ect of various 
excipients on plasma levels, dogs 0 piasma levels, dicumaroceffect 
of various excipients, dogs 0 Excipient effectdicumarol absorp- 
tion, plasma levels, dogs 0 Bioavailability, dicumarol4ect of 
various excipients on plasma levels, dogs 0 Magnesium oxide, 
hydroxide excipients-etTect on dicumarol absorption, dogs 


Substantial evidence is available to show that the ab- 
sorption characteristics and, ultimately, the therapeutic 
performance of a drug can be significantly altered by 
changes in the materials and methods used in its formu- 
lation. Wagner (1) recently provided a review of studies 
involving the determination of generic equivalency or 
inequivalency of different commercial brands of a single 
drug. Ten of the 12 drugs studied showed significant dif- 
ferences in the bioavailability of drug when two or more 
commercial brands of the same drug were compared. 


Lach and his coworkers (2 -4 ,  through diffuse reflec- 
tance spectroscopic studies, demonstrated that some ad- 
juvants used in product formulation interact with cer- 
tain drugs to form complexes. These combinations ex- 
hibited markedly different diffuse reflectance spectro- 
scopic characteristics compared to those of the drug 
alone. The oral anticoagulant dicumarol was shown to 
interact with various organic and inorganic formula- 


tion materials, and it was suggested that these types of 
interactions may alter the bioavailability of the drug (3). 
Dicumarol has been shown to be poorly absorbed (9, 
and its bioavailability may be particularly susceptible to 
formulation changes. Losinski (6) reported that formu- 
lation changes involving the addition or reduction of in- 
ert fillers in tablets of dicumarol resulted in significant 
therapeutic variations. 


The purpose of this study was to investigate whether 
the absorption of dicumarol could be altered by adminis- 
tration of the drug in combination with various formula- 
tion materials. The characteristics of its absorption and 
elimination, coupled with a pharmacological response 
dependent on plasma concentration, permitted the use 
of dicumarol to show that drug-excipient interactions 
may be an explanation for differences in therapeutic 
efficacy among different dosage formulations. 


EXPEUIMENTAL 


Mntedals--Dicumaroll was recrystallized from dioxane (m.p. 
288-289'). Other materials used were: magnesium oxide, heavy'; 
magnesium hydroxide, reagent grade'; magnesium stearate USP; 
dibasic calcium phosphate NF, hydrous'; aluminum hydroxide 
powder'; colloidal magnesium aluminum silicate'; silicic acid'; 
starch USP; talc USP; polyvinylpyrrolidonee; and polysorbate 80'. 


Elemental analysisof the magnesium chelate of sodium dicumarok 
showed it to have the form (dkumarol-Na4Mg. A method for the 
preparation of the chelate was wported previously (4). 


Animak-Eight healthy mongrel dogs of either sex, weighing 
10-21 kg.. were utilized in the study. The animals were housed in 
stainless steel cages and fed dog chow' between 8 a.m. and noon 
daily, unless specified otherwise. 


DiamrarocExcipieat M1.tmekDicumarol was mixed with an 
excipient in two different weight to weight ratios-6 dicumarol:94 
excipient and 1 dicumarol: 1 excipient. Dicumarol was dissolved in 
chloroform to make a solution Containing 0.3 g. in 50 ml. An appro- 


1 K and K Laboratories. 
3 Mallinckrodt. 
8 Matheson, Coleman and Bell. 
4 Vccgum. d a r .  Vanderbdt. 
'Fisher. - 
8 Antara Chemicals. 
7 Tween 80, Atlas. 
I A gift from Dr. L. Bighlcy. CoUege of Pharmacy, Univenity of Iowa. * Purina. 
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Effects of 
Adjuvant 


Anti histamine-Epinephrine 
Arthritis in Rats 


Combinations on 


EDWARD J. BARBIERI, G. VICTOR ROSSI, and RAYMOND F. ORZECHOWSKI’ 


Abstract 0 Three antihistaminic agents-diphenhydramine, doxyl- 
amine, and methapyrilene-alone and in combination with epi- 
nephrine, were examined for their effectiveness against adjuvant 
arthritis in Wistar-Lewis inbred rats. Simultaneous administration 
of diphenhydramine (75 mg./kg. p.0.) and epinephrine (0.4 mg./kg. 
s.c.) reduced adjuvant-injected and contralateral noninjected hind- 
paw volumes during a 21-day dosing period as compared to saline- 
treated controls; however, considerable toxicity was evident at 
these doses. Protective activity was minimal or absent when lower 
dosage combinations, which produced no overt evidence of toxicity, 
were employed. Doxylamine and methapyrilene combinations with 
epinephrine were effective only against the primary response to 
adjuvant administration, i.e., early swelling of the injected paw. 
The individual agents were largely ineffective against adjuvant 
disease in rats. Sustained protective activity could be achieved only 
with dosage combinations that elicited toxic manifestations; thus, 
the potential utility of antihistamine-epinephrine combinations 
appears limited. 


Keyphrases 0 Antihistamine-epinephrine combinations-effect on 
adjuvant arthritis, rats Diphenhydramine with epinephrine- 
effect on adjuvant arthritis, rats 0 Doxylamine with epinephrine- 
effect on adjuvant arthritis, rats IJ Methapyrilene with epineph- 
rine-effect on adjuvant arthritis, rats IJ Arthritis. adjuvant- 
effect of antihistamineepinephrine combinations, rats 


Adjuvant arthritis in rats is a widely investigated 
animal model of chronic inflammation. This experi- 
mental disorder, induced by the injection of Freund’s 
complete adjuvant or of mycobacteria suspended in 
oil, is considered to be an example of delayed hyper- 
sensitivity reactions against antigen(s) associated with 
the peptide-glycolipids of the wax D fraction of myco- 
bacteria (1). The disease cannot be transferred by serum 
from a sensitized animal, but transmission aiu lymphoid 
cells has been achieved (2). Certain manifestations of 
adjuvant-induced arthritis resemble those of clinical 
disorders such as rheumatoid arthritis, ankylosing 
spondylitis, and Reiter’s disease (3-6). Immunosup- 
pressants and several other classes of drugs (7-9) have 
been employed to modify this inflammatory process. 


Histamine has been implicated as one mediator of 
the early stages of allergic and inflammatory reactions 
(10). Experimental evidence exists that histamine an- 
tagonism can alter the development of adjuvant ar- 
thritis. Pelczarska (1  1) reported that hypostamine, a 
histidine decarboxylase inhibitor, reduced the inflam- 
mation and edema associated with the developing 
disease. Perrine and Takesue (12) and Walz et al. (9) 
demonstrated a similar effect with chlorpheniramine. 
In a series of publications, Henson and coworkers 
(13-1 5 )  examined the inflammatory suppressive effect 
of a combination of epinephrine and propiomazine, 
a phenothiazine derivative with antihistaminic and 
other “protective” properties (16). Henson and his 
associates postulated that epinephrine might enhance 
the anti-inflammatory activity of propiomazine by in- 


creasing lymphoid cell susceptibility to the actions of 
the latter drug. An inhibitory effect was demonstrated 
on the development of adjuvant arthritis (13), the Arthus 
reaction (14), and experimental allergic encephalo- 
myelitis (1  5),  and the suggestion was made that similar 
drug combinations might offer an alternative approach 
to treatment with toxic immunosuppressants. 


The purpose of this study was to examine the effects 
of three antihistaminic agents-diphenhydramine, 
doxylamine, and methapyrilene-alone and in combina- 
tion with epinephrine, on adjuvant arthritis in rats. 


EXPERIMENTAL 


Male Wistar-Lewis inbred rats’, weighing initially between 100 
and 130 g., were used throughout this study. Food and water were 
supplied ad libitum. The animals were assigned randomly to treat- 
ment groups. Adjuvant arthritis was produced by a single subcu- 
taneous injection (Bgauge needle) of 0.3 mg. of Mycobocterium 
butyricum:, suspended in 0.06 ml. of light mineral oil NF, into a 
foot pad of the left hind paw. Normal control animals were in- 
jected with an identical volume of mineral oil vehicle. 


Hind-paw volumes were determined plethysmographically by a 
modified method of Van Arman et al. (17). A mercury well was 
connected to a pressure transducers, and output from the transducer 
was led to a polygraph‘ equipped with a low-level d.c. preamplifiers. 
Throughout the study the instrument was calibrated repeatedly by 
the addition and withdrawal of a known volume of mercury. For 
measurement of hind-paw volumes, the hind limbs were immersed 
up to the hairline in the mercury pool. Determinations of paw 
volumes were made at  regularly spaced intervals throughout each 
experiment; body weights were recorded daily. 
The following drugs were studied: diphenhydramine hydro- 


chloride’, doxylamine succinate’, methapyrilene hydrochloride, 
and epinephrine bitartrate. Phenylbutazone’ was included as a 
positive control. Doses of all compounds are expressed as the base. 
Antihistaminic agents were dissolved in purified water; phenyl- 
butazone was suspended with 2.5z (w/v) tragacanth with the aid 
of a blenderlo. Wine (0.9% NaCI). prepared with 0.15% sodium 
metabisulfite as a catecholamine antioxidant, was used as the solvent 
for epinephrine bitartrate. 


Volumes administered were 10 ml./kg. orally and 2 ml./kg. 
subcutaneously. In each animal the oral dosing immediately pre- 
ceded subcutaneous injection. Drugs were administered once daily 
for 21 consecutive days, beginning 1 day before adjuvant injection, 
with the exception of phenylbutazone in the methapyrilene-epineph- 
rine study, in which the dosage schedule was reduced to 15 days. 
Normal control (mineral oil injected) and adjuvant control animals 
received 10 ml./kg. oral doses of water and 2 ml./kg. subcutaneous 
injections of saline-metabisulfite solution daily for the specified 
duration of each drug treatment schedule. 


Six series of experiments were performed, four with diphenhy- 
dramine and epinephrine in various combinations and two with 


~~~~ 


1 Obtained from Charles River Laboratories. 
f Difco Laboratories, Detroit, Mich. 
4 Grass model 7B. 
4 Donated by Parke-Davis & Co.. Detroit, Mich. 
7 Donated by Merrell-National Laboratqries. Cincinnati, Ohio. 
6 Donated by Eli Lill & Co.. Indianapolis. Ind,. 
9 Donated by Ciba Pgarmaceutical Co., Summit, Ir;. J. 


‘0 Waring. 


Statham Model P23BC. 0-5 cm. Hg. 
Model 7P1B. 
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Taw I-Effect of Diphenhydramine and Epinephrine on Paw Edema and Body Weight Gain in Adjuvant Arthritic Rats 


Body M~mber 
Weight Surviving 


Hind-Paw Volume, ml.. . Increase, a t D a ~ 2 6  
Dose, --Injected (Left) Paw - -Noninjected (Right) Paw- g., Number 


Treatment mg./kg. Day4 Day 11 Day 18 Day 26 Day 1 1  Day 18 Day 26 Day 18 Tested 


Diphenhydramine 75 1.48 * 1.93 2.78 3.46 1.43 2.16 2.65 31.5 11/14 
Diphenhydramine 75 + epinephrine 0 . 4  1 . 3 1 d  1.64d 2.24b 3.15 1.24d 1.6Sb 2.2W 38.0 7/14 
Diphenhydramne 37.5 1.63 2.07 2.87 3.65 1.56 2.29 3 .OO 28.4 8/15 
Diphenhydramine 37.5 + epinephrine 0 . 4  1.3gd 1 . 9 0  2.70 3.57 1.340 2.01 2.38 51.2 9/14 
Epinephrine 0 . 4  1.54 2.00 2.79 3.75 1.47 2.20 3.07 38.9 12/14 
Phenylbutazone 50 1.50 1 . 7 8  2.0Sd 2.94d 1.41 1.67d 2.33b 5 5 . 0  12/12 
Normal control 1.21d 1.4Y 1 . 4 9  1 . 5 3 d  1.38c 1.4Id 1.4gd 83.9 14/14 
Adjuvant control 1.57. 2.00 2.91 3.66 1.55 2.15 2.83 42.0 14/14 


(1.4- (1.7- (1.9- (2.3- (1.3- (1.4- (1.9- (13- 
1.9) 2.4) 4.2) 4.6) 2.0) 2.7) 3.5) 77) 


All values represent means of the number of rats survivin to Day 26. Differs from adjuvant control a lp  < 0.05. Differs from adjuvant control 
atp < 0.01. d Differs from adjuvant control atp < 0.001. ' &an (range in parentheses). 


Table II--Effect of Diphenhydramine and Epinephrine on Paw Edema and Body Weight Gain in Adjuvant Arthritic Rats 


Number 
Surviving 


Hind-Paw Volume, ml.0 - Body Weight a t  Day 18 
Dose, -Injected (Left) Paw- Noninjected (Right) Paw Increase, g., Number 


Treatment mg./kg. Day 4 Day 11 Day 18 Day 11 Day18 Day 18 Tested 


Diphenhydramine 75 


Diphenhydramine 75 
+ epinephrine 0 . 4  1.66* 1.890 2.93b 1 .  32d 2. 15b 49.3 1 1 / 1 1  


+ epine hrine 0 . 2  1.64d 1.95b 3 . 3 3  1 .37d 2.50 54.1 11 /11  


+ epinephrine 0.05 1.79 2.03 3.47 1 .3Sd 2.64 42.2 12/12 
Adjuvant control 1.93. 2.17 3.63 1.63 2.89 42.5 11 /11  


Di phenh y gamine 75 


Di phenh y 8amine 75 
+ epine hrine 0.1 1.68d 1.97 3.20 1 .37d 2.32 55.4 13/13 


(1.6- (1.8- (2.8- (1.4- (1.5- (24- 
2.3) 2.6) 4 .7)  2.1) 4 .0)  72) 


~~ ~~~ ~ 


All values re resent means of the number of rats surviving to Day 18. Differs from adjuvant control at p < 0.05. Differs from adjuvant control 
atp < 0.01. d Diiers from adjuvant control atp < 0.001. Mean (rangein parenthesesl. 


either doxylamine-epinephrine or methapyrilene-epinephrine. 
The selection of doses was based upon preliminary dose-range 
studies, wherein the drugs were administered from 1 to 4 days. 
In these studies, the minimum symptomatic doses were approxi- 
mated for each of the three antihistamines, alone and in combina- 
tion with epinephrine (0.4 mg./kg.). Henson and Brunson (13) 
stated that repeated administration of epinephrine, at a dose of 
0.5 mg./kg. s.c., produced about a 50% incidence of mortality. 
In the present experiments, epinephrine was employed at  doses 
ranging from 0.05 to 0.4 mg./kg. 


All paw volumes and body weight data represent mean values 
derived from the number of rats surviving at the termination of 
the experimental period. Statistical significances of differences be- 
tween drug-treated and adjuvant control animals were determined 
by an analysis of variance. 


RESULTS 


Development and Course of Adjuvant DIaeeeeSubcutaneous 
injection of adjuvant produced swelling of the injected hind paw 
within 24 hr. This initial inflammatory reaction (primary re- 
sponse) usually reached a peak at Day 4 and became stabilized 
at Days 7-11. Thereafter, a rapid and marked further increase 
in swelling developed. Progression of the disease was followed 
to Day 26. at which time hind-paw volumes had increased 110- 
280% above normal paw volumes prior to adjuvant injection. 
Swelling of the contralateral noninjected limbs and nodules on the 
ears and tail appeared in approximately 90% of the animals be- 
tween Days 7 and l l  and increased progressively in severity to 
Day 26. Paw volumes of the noninjected hind limbs ranged from 
60 to 235% above normal. Enlargement of both noninjected and 
injected paws, which occurred from Day 7 and thereafter, was 
designated as the secondary response and constituted the dissemi- 


nated disease. In rats with adjuvant disease, the gain in body weight 
was significantly diminished in comparison to normal control 
animals. 


Mpbenhydramlne in Adjuvant Msease-Table I contains a 
summary of results obtained with diphenhydramine administered 
alone and in conjunction with epinephrine. The hind-paw and 
body weight gain values represent data pooled from two replicate 
experiments. 


A combination of diphenhydramine (75 mg./kg. p.0.) and epi- 
nephrine (0.4 mg./kg. s.c.) significantly reduced noninjected and in- 
jected paw volumes during the 21-day period of dosing as compared 
to saline-treated adjuvant control animals. On Day 26, injected 
paw volumes of drug-treated animals were not significantly dif- 
ferent from controls. A lower dose of diphenhydramine (375 mg./ 
kg.), in combination with epinephrine, was active only against the 
primary response. The apparent effectiveness of these treatments 
was tempered by the observed toxicity. 


Additional studies were performed to determine whether protec- 
tive activity could be obtained at essentially nontoxic doses of the 
drug combination. Epinephrine, at doses ranging from 0.05 to 
0.4 mg./kg., was administered in conjunction with diphenhydramine 
at doses of 75 mg.fkg. (Table 11) and 18.8 mg./kg. (Table 111). 
Mortality did not occur in either of these I8-day studies, in contrast 
to the previous 26-day experiments (Table I). 


The duration of protective activity of epinephrine with diphen- 
hydramine, 75 mg./kg. (Table II), was related to the dose of epineph- 
rine. The regimen of diphenhydramine, 75 mg./kg., with epineph- 
rine, 0.4 mg./kg., was effective throughout the 18-day experi- 
mental period. Doses of 0.2 and 0.1 mg./kg. of epinephrine in con- 
junction with 75 mg./kg. of diphenhydramine reduced paw volumes 
only to Day 1 1  ; the lowest dose of epinephrine (0.05 mg./kg.) in 
combination with 75 mg./kg. of diphenhydramine was largely in- 
effective. With the exception of a statistically significant decrease 
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Table IJI--Effect of Diphenhydramine and Epinephrine on Paw Edema and Body Weight Gain in Adjuvant Arthritic Rats 


Number 
Survlvlng 


Hind-Paw Volume, mLa--- - Bodyweight a t  Day 18 
Dose, -Injected (Left) Paw-- Noninjected (Right) Paw Increase, g., Number 


Treatment mg./kg. Day 4 Day 11 Day 18 Day 11 Day 18 Day 18 Tested 


Diphenhydramine 18.8 1.64b 2.28 3.52 1.56 2.42 54.7 11/11 


Diphenhydramine 18.8 1.66 2.29 3.45 1.52 2.44 49.1 11/11 


Diphenhydramine 18.8 1.73 2.31 3.98 1.51 2.47 45.8 11/11 


Dip henhydramine 18.8 1.89 2.52 4.00 1.60 2.64 35.0 11/11 


Diphenhydramine 18.8 1.85 2.66 4.02 1.51 2.59 33.6 11/11 
Adjuvant control 1 .92c 2.44 3.58 1.53 2.46 42.4 11/11 


+ epinephrine 0 . 4  


+ epinephrine 0 . 2  


+ epinephrine 0 . 1  


+ epinephrine 0.05 


(1.5- (1.6- (2.1- (1.2- (1.5- (14- 
2.6) 4.1) 4.4) 1.9) 3.2) 87) 


a All values represent means of the number of rats surviving to Day 18. Differs from adjuvant control atp < 0.05. Mean (range in parentheses). 


Table IV-Wect of Doxylamine and Epinephrine on Paw Edema and Body Weight Gain in Adjuvant Arthritic Rats 
~ 


Number 
Bqdy Sur- 


Weight viving - Increase, at Day 26 
Dose, . Injected (Left) Paw . ---Noninjected (Right) Paw- g., Number 


Treatment mg/kg. Day4 Day 11 Day 18 Day 26 Day 11 Day 18 Day 26 Day 18 Tested 


Hind-Paw Volume, ml.0- 


Dox ylamine 
Doxylamine 


Doxylamne 
Doxylamine 


Epinephrine 
Phenyl butazone 
Normal control 
Adjuvant control 


+ epinephrine 


+ epinephrine 


100 
100 


50 
50 


50 


0 . 4  


0 . 4  
0 .4  


1.64 


1.30 
1.83 


1.53c 
1.41b 
1. 56d 
1. 3gd 
1.85. 


2.2) 
(1.6- 


2.11 


1.90 
2.19 


2.20 
1.93 
1.85 
1 . 54d 
2.00 


(1.7- 
2.3) 


3.21 


3.10 
3.38 


3.30 
2.90 
2 . w  
1 .6 Id 
3.51 


(2.8- 
4.1) 


3 . 5 9  


4.20 
3.90 


4.15 
3.80 
3.4Id 
1.73d 
4.11 


(3.4- 
4.6) 


1.37 


1.20 
1.49 


1.45 
1.37 
1.34 
1.45 
1.44 


(1.2- 
1 .8)  


2.21 


1.50 
2.31 


2.33 
2.30 
1 .79b 
1 .4gd 
2.37 


(1.3- 
3 .O) 


2.70 39.1b 


2.20 36 .O 
. 2.60 33.5 


2.75 47.3b 
2.97 48.3 
2.27b 43.Sb 
1.57d 98.9d 
3.16 29.7 


(1.5- (21- 
4.4) 39) 


a All values represent means of the number of rats surviving to Day 26. Differs from adjuvant control a tp  < 0.05. Differs from adjuvant control 
atp < 0.01. d Differsfrom adjuvant control atp < 0.001. Mean (rangein parentheses). 


in injected paw volumes at Day 4 in rats treated with the high dose 
of epinephrine (0.4 mg./kg.) in conjunction with 18.8 mg./kg. of 
diphenhydramine, combinations of epinephrine with this dose of 
diphenhydramine did not evidence protective activity against 
adjuvant arthritis (Table 111). 


hxylamine and Metbpyrilene in Adjuvant Disease-Evaluation 
of doxylamine and methapyrilene, alone and in combination with 
epinephrine, revealed that these treatments had little efect on the 
progression of adjuvant disease. For example, doxylamine (50 
mg./kg.) in combination with epinephrine (0.4 mg./kg.) reduced 
the primary edema only at  Day 4 (Table IV). Similarly, methapyr- 
ilene (15 and 30 mg./kg.) in combination with epinephrine, and 
methapyrilene alone (30 mg./kg.) reduced inflammation of the 
injected hind paw at Day 4 (Table V). No other significant dif- 
ferences from adjuvant controls were noted with respect to pri- 
mary or secondary reactions. Animals treated with doxylamine 
(100 mg./kg.) and doxylamine (50 mg./kg.) in combination with 
epinephrine evidence significantly greater body weight gain than 
the adjuvant controls; a similar pattern was observed with metha- 
pyrilene (30 mg./kg.) and methapyrilene (15 mg./kg.) in combina- 
tion with epinephrine. The combination of doxylamine (100 mg./ 
kg.) and epinephrine (0.4 mg./kg.) was extremely toxic; 8 7 z  of the 
animals in this group died prior to termination of the experiment. 


In all experiments, phenylbutazone (50 mg./kg.) significantly 
reduced both injected and noninjected hind-paw volumes as com- 
pared to adjuvant control animals. When phenylbutazone was given 
for 21 days, activity persisted during the latter stages of the 26-day 
experimental period (Tables I and IV); when the dosage schedule 
was reduced to I 5  days, activity was noted only against the primary 
response (Table V). Extended treatment with 50 mg./kg. of phenyl- 
butazone was not associated with grossly apparent toxicity. 


Epinephrine (0.4 mg./kg.) alone was essentially inactive against 
adjuvant disease; however, this dose produced overt toxicity. 


DISCUSSION 


The combination of epinephrine and diphenhydramine afforded 
the greatest degree of protection against adjuvant arthritis in this 
series of experiments. However, this protective activity was fre- 
quently associated with evidence of drug-induced toxic effects. 
Animals treated with high dose combinations (diphenhydramine, 
37.5 and 75 mg./kg., with epinephrine, 0.4 mg./kg.) lost their well- 
groomed appearance, became lethargic, and exhibited respiratory 
difficulties. Alopecia of the neck and back (epinephrine injection 
site) was apparent after 8-12 days of dosing and was not reversible 
upon cessation of treatment. When mortality occurred, it was pre- 
ceded by dyspnea, cyanosis, loss of righting reflex, and clonic convul- 
sions. Autopsy revealed macroscopic cardiac lesions and pulmonary 
hemorrhage, a profile that suggests that lethality might be due pri- 
marily to epinephrine rather than to the antihistamine. 


Attempts to dissociate drug toxicity from protective activity by 
reducing the dose levels of both diphenhydramine and epinephrine 
proved largely unsuccessful. Although lower dosage combinations 
of diphenhydramine and epinephrine did not produce overt toxicity 
(based on gross appearance, behavior, body weight gain, and 
survival incidence), they failed to provide sustained inhibition of 
adjuvant disease. 


Henson and Brunson (13) proposed that the enhanced activity 
of propiomazine with epinephrine resulted from an epinephrine- 
induced increase in lymphoid cell susceptibility to anti-inflamma- 
tory actions of propiomazine. The possibility exists that anti- 
histamin-pinephrine combinations may act through a similar 
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Table V--Effect of Methapyrilene and Epinephrine on Paw Edema and Body Weight Gain in Adjuvant Arthritic Rats 


Number 
Body Weight Surwvlng 


dHind-Paw Volume, mLa- Increase, a t  Day 18 
Dose, -Injected (Left) Paw- Noninjected (Right) Paw e.. Number 


Treatment ms./kn. Day 4 Day 11 Day 18 Day 1 1  Day 18 Day 18 Tested 


Methapyrilene 30 2.09 2.60 4.05 1.67 2.93 5 . 9  919 
Methapyrilene 30 


Met hap yri Lne I5 2.66 2.56 3.94 1.73 2.94 -3.0 919 
+ epine hrine 0.4 1.97d 1.97 3.73 1.40 2.78 -0.5 9/10 


Methapyrilene + e inephrine 
Phen ykutazone 
Normal control 
Adjuvant control 


15 


50 
0.4 2.04b 


2.08b 
1.64d 
2.4P 


2.9) 
(2.0- 


2.18 
2.38 
1 .68d 
2.18 


2.6) 
(1.7- 


4.15 
3.44 
1 .87d 
3.69 
(2.9- 


4.3) 


1.47 
1.64 
1.58 
1.54 
(1.3- 


2.1) 


2.95 
2.51 
1 .78d 
2.89 
(1.4- 


3.4) 


8.W 
13.7b 
71.9d 


-12.0 
(-35- + 5 )  


a All values represent means of the number of rats survivin to Day 18. Differs from adjuvant control at p < 0.05. Differs from adjuvantcon- 
trol atp < 0.01. d Differsfrom adjuvant control atp < 0.001. h e a n  (range in parentheses). 


mechanism, but alternative explanations are also plausible. Their 
effectiveness may be due to competitive inhibition of histamine by 
the antihistaminic agent, together with physiological antagonism 
by epinephrine of certain critical effects of histamine, i.e., micro- 
vascular dilation and increased capillary permeability. In support 
of this concept, all antihistamine-epinephrine dosage combinations 
examined in this study significantly reduced the primary or early 
response to adjuvant, a phase during which histamine mediation 
of the inflammatory reaction is reputedly prominent (18). Of the 
three antihistaminic drugs evaluated, only diphenhydramine in 
combination with epinephrine produced extended protection; the 
reason for this longer duration of activity is not apparent. This 
protective effect against adjuvant disease could be achieved only 
at dosage levels that elicited overt toxic manifestations. Thus, the 
potential usefulness of such a drug combination appears limited. 
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mouse brain (6), and optimum anesthetic potency to mice (7) of 
a series of 26 ethers administered in vapor phase was associated 
with log Po = 2.35. Our result is consistent with these observations. 


The inactivity of the 4-hydroxy derivative is difficult to explain on 
the basis of lipophilicity and the electronic nature of the OH group. 
Its predicted activity according to Eq. 3 is 3.29. Since the compound 
showed no activity, it must not be accessible to the CNS. This 
could be due to metabolism but further work would be necessary 
to substantiate this. 
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Topical Mosquito Repellents VI: Sulfonamides and 
Quinoline-4-carboxylic Acid Derivatives 


F. GUALTIERI*, P. TSAKOTELLISt, W. SKINNER’, H. JOHNSON, 
D. SKIDMORES, and H. MAIBACH$ 


Abstract 0 Certain sulfonamides derived from butanesulfonic acid 
are repellent to female Acdrs uegypri mosquitoes. Exploration of 
the structureactivity relations revealed that the boiling point is 
the most important factor controlling duration of activity as topical 
repellents. Quinoline-4-carboxylic acid derivatives were explored 
for their repellency, and amides were found less active than were 
esters, primarily due to their low volatility. 


Keyphrases 0 Mosquito repellents, topical-synthesis, evaluation 
of butane sulfonamides and quinoline-4carboxylic acid derivatives 
0 Repellents, mosquito, topical-synthesis, evaluation of butane 
sulfonamides and quinoline-4-carboxylic acid derivatives 0 Quino- 
line-4-carboxylic acid derivatives-synthesis, evaluated as topical 
mosquito repellents 0 Sulfonamides, butane-synthesis. evaluated 
as topical mosquito repellents 0 Volatility, quinoline-4-carboxylic 
acid derivatives-relationship to mosquito repellency 


In 1967, Pervomaisky et al. (1) reported that certain 
butane sulfonamides were effective mosquito repellents. 
The most active of these was reported to be the hexa- 
methyleneimino derivative. This compound and several 
other analogs were synthesized in the present study for 
evaluation as topical repellents for Aedes aegypti mos- 
quitoes (Table I). The syntheses were straightforward, 
utilizing n-butanesulfonyl chloride in benzene with an 
excess of the amine. The products were purified by 
vacuum distillation. 


All derivatives were evaluated topically on human 
subjects as previously described (2). None of the analogs 
of Compound 1 improved on its activity as a mosquito 
repellent, although Compounds 3 and 4 had similar 
activities. As in compounds previously studied as repel- 
lents, duration of repellency in a series is a function of 
the boiling point of the compounds. In this series, maxi- 


mum duration seems to be achieved with boiling points 
of 120-130”/0.5 rnm. whereas N,N-diethyl-rn-tolu- 
arnide, which lasts longer, boils a t  lOOo/0.5 mm. 


Another interesting lead to mosquito repellents was 
reported in 1968 (3, 4). These investigators found that 
certain cinchoninic acid esters were highly repellent. 
These compounds were evaluated in the present study 
and several arnide analogs were synthesized (Table 11). 
None of the amides exhibited any  degree of repellency, 
probably due to the fact that volatility is reduced too 
much going from the esters to the arnides. 


Four of the sulfonamides were evaluated on cloth 
by the U. S. Department of Agriculture (Table 111). 
The superiority of Compound 1 in these tests over di- 
methyl phthalate is interesting. 


EXPERIMENTAL 


n-Butyl Sulfonamides-A solution of n-butanesulfonyl chloride 
(0.03 mole) in anhydrous benzene was slowly added to a solution 
of the amine (0.06 mole) in anhydrous benzene with cooling and 
stirring. The solution was then heated to reflux for I hr. and, after 
cooling, the benzene solution was washed with water and dried with 
sodium sulfate. The oil remaining after evaporation of the solvent 
was distilled through a short Vigreux column. 


Quinoline4carboxylic Acid Pyrrolidine Amide-Quinoline-4- 
carboxylic acid chloride (0.1 mole) (7) was added in small portions 
to a solution of 0.25 mole of pyrrolidine in anhydrous benzene. 
After I hr. at room temperature, the mixture was heated to reflux 
for 1 hr. and then cooled, and the benzene solution was washed 
with water. After drying with sodium sulfate and evaporation of the 
solvent, the oil was distilled irr ~iucuo. 


Biological Evaluation: Cloth Tests-Fifty milligrams of the test 
material is placed in a 2-dram vial to which 0.75 ml. of acetone or 
other solvent is added. When the chemical is thoroughly dissolved, 
a 50-cm.9 ( 5  X 10-cm.) piece of muslin bandage is rolled, placed in 
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Table I-Sulfonamides 


Com- 
pound 
Num- 


ber Structure 


Repel- Repel- 
lency, lency, 


Point (0.15 (0.35 
Yield, --Analysis, %-- (0 .5 mg./ mg./ !z Formula Calc. Found mm.) cm.') cm.2) 


Boiling hr. hr. 


nC,Ho- S -N 
1 '3 0 I 


2 


3 


4 


5 


6 


0 


n.C,H.,- S -N 0 


0 


0 


~n 
I d  


I n  
I "  


n.C,H3- S --N N- CH3 


0 


O CH, 
I I  


I 
nC,H9- S -N-CH1- (CH,h -CHI 7 


0 


CH, 
I 


8 


9 N,N-Diet hyl-m-toluamide 


C H ~  - E - so1- (cH,xH., 


-0 


67 


47 


63 


72 


34 


63 


96 


-a 


C 46.45 
H 8.26 
N 6.75 
S 15.47 


C 40.09 
H 5.16 
N 15.58 
S 7.13 


c 38.44 
H 5 . 3 0  
N 16.01 s 7.33 


C 39.91 
H 5 . 5 8  
N 15.51 
S 7.10 


C 42.58 
H 6.09 
N 14.61 
S 6.69 


C 59.23 
H 10.81 
N 5.28 


C 60.90 
H 8.35 
N 5.94 


-a 


46.16 
8.19 
6.62 


15.54 


40.13 
5.02 


15 .51  
7 .02  


38.34 
5.26 


15.76 
7.54 


40.05 
5.52 


15.72 
7.25 


42.61 
6.02 


14.49 
6.61 


59.28 
11.10 
5.32 


61.14 
8.29 
5.48 


130' 


140" 


124" 


130' 


1 1 5 0  


147" 


145" 


170" 


100" 


2 


1 


2 


- 


1 


I 


0.25 


0.25 


3-5 


4 See Reference 1. b Analyzed as picrate salt. 


Table It---Arnides and Esters of Quinoline-4-carboxylic Acid 


o.c /R' 


Com- 
pound Repellency, 
Num- Boiling Point hr. (0.35 
ber R R' (mm.1 mg./cm.*) 


~ 


10 H N(GH5)z 145" (0.2)" 
175" (0.2Y 
109" (0.25Y 


N,N-Diethyl-nt-toluamidc 
1 3  CHs OGH:, 143" ( I  .Old 


16 C'Hs OGH, 155" (1 . O Y  
N,N-Diethyl-m-toluamide 100" (0 .5 )  


11 H N3 
12 H OC?Hr, 


14 CHs O-iKSH, I49 ' ( 1 .O)" 
15 CHs O-it-CdHD 163" ( 1  O)d 


0.25 
0.25 
0.25 
2-3 
6. 
5* 
6.5' 
5.5' 


I O C  


See Reference 5. b Synthesized in 87% yield. Calc. for C, H, N: 74.31, 
6.24, 12.38. Found: 74.26. 6.47. 12.30. c See Reference 6.  dThese com- 


ounds were obtained from Dr. 0. H. Yeoman, Astra-Hewlett. Ltd.. 
eeterinary Research Station, Wheathampstead. Herts, England. 4 Evalu- 
ated at 1.75 mg./crn.'. 


the vial, and mixed with the solution, and the vial is sealed until the 
chemicals are to be tested. The rate of cloth treatmeht is 1.0 mg./ 
cm.1. After treatment the cloths are kept in the vials in a refrigerator 
for at least 24 hr. 


At the start of a test, vials are removed from the refrigerator and 
allowed to warm to room temperature. The cloth is then removed 
from the vial and stapled over a 5 X 9cm. rectangular opening cut 
in a 12.7 X 20.3-cm. ( 5  X 8-in.) file card. The cloth is allowed to dry 
for 15 min. before testing. 


The subject testing the candidate materials covers his arms with a 
woman's nylon stocking and wears a rubber glove over his hand and 
wrist to protect against bites. The card and attached cloth patch are 
then taped over the nyloncovered forearm so that only the treated 
cloth allows access t6 the skin by the mosquitoes. The arm is then 
exposed to a stock cage of A. aegypti mosquitoes (approximately 
1m) for 1 min. Two or more bites through the treated cloth in 1 
bin. denotes failure of the chemical. If the chemical does not fail, 
it is stored at room temperature and retested in 24 hr. 


Two standard repellents are tested with each group of candidate 
material: dimethyl phthalate at the rate of 1.0,O.S. 0.25, and 0.125 
mg./cm.* and diethyltoluamide at 0.25 and 0.125 mg./cm.*. 
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Table III-Repellent Evaluations on Cloth 


Rate of 


tion on 
Cloth, ---+it Indicated Hour- 


Appllca- 
Number of Bites Obtained 


Compound mg./cm.* 0 24 96 144  192 


1 .o 0 0 0  1 
1 .o 30 - 2 
1 .o 35 - 3 


4 1 .o 25 - 
- 
- - 


Dimethyl 1 .o 0 0 10 
phthalate 0 . 5  0 20 - 


0.25 2 10 - 
N,N-Diethyl- 0.25 0 10 - 


m-tolu- 0.125 0 25 - 
amide 
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Comparison of Theoretical Equations for 
Potential Energy of Electrostatic Repulsion of 
Colloidal Particles at Constant Surface Charge 


N. F. H. HO', H. TOGUCHI, and W. I. HIGUCHI 


Abstrclct 0 Recently, derived and relatively simple expressions for 
the energy of electrostatic repulsion between flat plates and spheres 
at constant surface charge were compared with the more rigorous 
expressions of Jones and Levine and of Miiller. They are quantita- 
tive of the electrostatic barrier to  the collision of colloidal particles 
in electrolyte solutions within the limitation of small surface 
potentials, $0 < 25 mv. They are also useful in the general approxi- 
mation of colloidal stability of most practical systems, despite the 
limitations on the validity of the expression at  higher surface 
potentials. 


Ke-yphreses IJ Colloidal particles, potential energy of electrostatic 
repulsion, at constant surface charge-cornparison and discussion 
of simple and complex equations IJ Surface potential-cornparison 
of equations for the potential energy of electrostatic repulsion of 
colloidal particles 0 Electrostatic bamec-discussion of several 
equations for determining potential energy of electrostatic repulsion 
of colloidal particles at constant surface charge 


In those dispersed systems in which the primary 
barrier to flocculation is electrical, the classical theory 
of the repulsive interaction of overlapping electrical 
double layers between two particles combined with the 
attractive interaction due to dispersion forces is used. 
Moreover, the usual model employed for the repulsive 
energy requires that the surface potential remains con- 
stant during the collision of particles, although the 


model of constant surface charge, in which case the 
surface potential increases during the encounter, is 
applicable in most dispersed systems (1). 


Frens et al. (2, 3) showed that the collision of silver 
iodide colloidal particles in aqueous electrolyte solu- 
tions was more appropriately explained by the constant 
surface charge condition. They employed the exact 
solution of the Poisson-Boltzmann equation in the 
form of elliptical integrals. Recently, while examining 
the question of the surface potential or charge re- 
maining constant during the mutual approach of par- 
ticles, Jones and Levine (4) derived approximate ex- 
pressions in series form and compared their equations 


Table I-Comparison of the Potential Energy of Electrostatic 
Repulsion Calculated from Various Equations for the Constant 
Surface Charge Model at Various Interplate Distances 


Jones Jones 
Miiller and Equation Miiller and Equation 


Z ~ O  (5) Levine(4) 1 (5) Levine(4) 1 


0 . 5  0.0330 0.0302 0.0364 0.0095 0.0094 0.0098 
1.0 0.1108 0.1087 0.1455 0.0347 0.0347 0.0391 
2 . 0  0.3219 0.3213 0.5820 0.1106 0.1099 0.1565 
4 . 0  0.8087 0.8567 2.3280 0.2765 0.2651 0.6261 
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the viscosity of the medium, and R is the particle 
radius. Since the effect of laminar shear is independent 
of the particle density, the conclusions of Reich and 
Vold are also applicable to pharmaceutical suspensions. 
They calculated that for a shear gradient of 100 sec.-l, 
J / I  is for 0.1-pm. diameter particles, 10 for 1.0-pm. 
diameter, and lo4 for 10-pm. diameter. This shows 
again that, at around a diameter of 1 pm., orthokinetic 
effects assume a greater importance in comparison with 
peri kinetic. 


Discussion-To produce a pharmaceutical suspension 
that will sediment to give an open-structured redis- 
persible coagulum, two processes are necessary: (a) 
particle collisions in the suspension, and (b) controlled 
particle adhesion on contact. 


This communication has indicated that, in the absence 
of Brownian motion, sedimentation and shear effects 
can cause the former and the magnitude of the latter 
can be estimated by calculating energy of interaction 
curves (1 3). 


Coagulation could be produced in a pharmaceutical 
suspension by the application of controlled shear, but 
care would be necessary since shear can also reverse 
the process and cause a breakdown in the structure. 
The formulator must design the suspension so that 
shear forces induced by shaking the container achieve 
this purpose. The sedimentation effect is inherent in the 
nature of the system, provided that there is a density 
difference between the phases and the suspension is 
polydispersed. Most pharmaceutical suspensions con- 
taining finely milled powders may be expected to have 
a proportion of particles in the region where Brownian 
motion is operative, and this proportion can be signifi- 
cant if calculated by number. Brownian coagulation 
eventually produces aggregates which are large enough 
to take part in sedimentation coagulation. 
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Cornpendial Dissolution Tests : Merits of 
Sequential over Standard Inspection Plans 


Keyphrases 0 Dissolution tests, compendial-statistical analysis, 
proposed sequential analysis inspection of dosage units 0 Sequential 
analysis inspection-application in dissolution testing 0 Inspection 
of tablet and capsule lots-sequential analysis plan for dissolution 
rate testing 0 Sampling of tablet and capsule lots-sequential 
analysis inspection plan. 


Sir: 


Dissolution ,rate tests for tablets and capsules are 
destructive tests, so any acceptance inspection plan 
for this property that is included in a compendia1 
monograph must be based on the results of the com- 
plete analysis of one or more randomly selected samples. 
All sampling inspection plans carry two inherent risks 
because the quality of the chosen sample or samples 
may not truly reflect the absolute quality of the lot. 
The first risk is that a lot whose absolute quality is 
acceptable will have to be rejected. This risk, designated 
a, has its greatest influence on the economics of produc- 
tion. The second risk is that a lot whose absolute 
quality is unacceptable will pass inspection. This risk, 
designated /3, has its greatest effect on the therapeutic 
effectiveness of the lot and, hence, on the consumer. 


This communication is concerned with computing 
the values of a! and fl that are inherent in the dissolution 
tests in USP XVIII (1) and N F  XI11 (2) and with pro- 
posing the adoption of an alternative test based on a 
sequential analysis plan (3). No attempt is made to  
address the equally important question concerning the 
meaningfulness, in terms of the bioavailability, of the 
presently defined criterion of good and bad dissolution 
behavior which is based on the time it takes for 60% 
of the drug to dissolve from its dosage form. Regardless 
of what criteria may be laid down to ensure bioavail- 
ability, it is essential that the inspection plan used is one 
that carries values of risks a and 0 that are consistent 
with production economy and therapeutic effectiveness. 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 
LOT QUALITY (p) 


FIgm 1-Operating characteristic curve for the current cornpendial 
&solution test. 


The current compendial dissolution tests (1, 2) are 
based on a standard double-sampling inspection plan. 
They require that an initial sample of six dosage units 
be individually subjected to a standardized dissolution 
test. The lot can then be accepted if all six units meet 
specified requirements but must be rejected if three or 
more units do not meet these requirements. If one or 
two units fail to meet the requirements] a further sample 
of six units must be examined. The lot can then only 
be accepted if no fewer than 10 of the 12 units meet the 
requirements. The overall probability, L,, that a lot 
will be accepted under this plan is given by the sum of 
the probabilities that: (a) there are no defective units in 
the first sample of six, (b) there is one defective unit in 
the first sample of six and one or none in the second 
sample, and (c) there are two defective units in the 
first sample and none in the second. 


The value of L, is, in turn, related to the absolute 
quality of the lot, p, that is presented for inspection 
(quality being expressed as the fraction of defective 
units in the lot). Since the individual monograph in the 
USP specifies a single criterion for a good or bad prod- 
uct (i.e., the time required for 60% of the drug to dis- 
solve), the sample appears to follow a binomial distri- 
bution. By employing the Poisson distribution as its 
approximation, L, can be readily computed for any 
value of p .  (Molina's table was used in this report. See 
Reference 4 for more details.) A plot of L, against p 
(operational characteristic curve) for the current com- 
pendial tests is shown in Fig. 1. It can be seen that these 
tests involve a probability or risk of 47 % of accepting a 
lot of quality 3/12. This is the maximum value of the risk 
/3 of a lot that is really of unacceptable quality passing 
inspection. Similarly, it can be seen that the probability 


C O N T I N U E  I N S P E C T I O N  


2 4 6 8 1 0  


c 
Figure %Criteria for acceptance or rejection of a lot when the risks 
a and f3 are assigned to I5 and 20 and acceptable and unacceptable 
quality are spec$ed as two or less defectice units out of 12 and three 
or more defective units out of 12. respectiwly. 


of accepting a lot of absolute quality 2/12 is only 70x. 
Hence, the risk of rtjecting an acceptable lot, a, using 
this plan runs as high as 30%. These risks seem ex- 
traordinarily high for a compendial test. 


An alternative inspection plan based on sequential 
analysis appears to offer the possibility of a more mean- 
ing€ul test. A sequential analysis plan involves contin- 
uous analysis of units (or groups of units) from a lot 
until the inspector accumulates sufficient evidence to 
decide that, within certain predetermined values of a 
and 13, the lot is of acceptable or unacceptable quality. 


The criteria for acceptance or rejection of a lot under 
this type of plan are specified by two parallel oblique 
lines on a plot of number of defective units found against 
the total number of units tested. Such a figure is shown 
in Fig. 2 for a plan where a and L? are assigned values of 
15 and 20%, respectively, and acceptable and unaccept- 


K 
W 
m 5 40 
z 
W -1 


30 


d 
W 


$ 20 
W 


2 
10 


0 0.1 0.2 0.3 0.4 0.5 0.6 
LOT QUALITY b) 


Figure 3-Awrage sample of number as a function of the submitted 
lot quality under the same conditions as in Fig. 2. 
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able quality are specified as two or less defective units 
out of 12 and three or more defective units out of 12. 
As the inspector tests units selected at random from the 
lot, he constructs a plot of number of defectives against 
number of units tested. If the plot intersects or crosses 
the lower line, the lot is accepted. Conversely, if the 
plot intersects the upper line, the lot is rejected. In- 
spection must, however, continue as long as the plot 
remains within the parallel lines. 


The equations defining the parallel lines will not be 
developed here as they are well established in the litera- 
ture (3). Suffice it to say that the slopes of both lines are 
uniquely defined by the limits set for acceptable or un- 
acceptable quality, and the intercepts of the lines on the 
y axis are a function of both the quality limits and the 
predetermined values of risks cy and 8. 


Some advantages of such an inspection plan over 
standard inspection plans are: 


Flexibility-W hile it is anticipated that compendia 
would specify common quality criteria for all tablets and 
capsules, a sequential analysis inspection plan makes it 
possible to assign different values of the tolerable risks 
a and fl to meet specific situations. For example, if it 
were known that the therapeutic effectiveness of Drug 
A was very much more dependent on the dissolution 
rate than that of Drug By it may be advantageous to have 
a lower tolerable value of /3 for Drug A than for Drug B. 
This flexibility is not possible in a standard plan where 
the number of tests to be carried out is specified and, 
consequently, the values of cy and B are fixed. 


Number of Tests Required-To reach a decision on 
whether to accept or reject a lot within specified limits of 


risks a! and 8, a sequential analysis plan will always in- 
volve less testing than a standard plan (3). Consequently, 
such a plan will result in a production economy. Also, 
the number of tests required before a lot can be ac- 
cepted can be minimized by a manufacturer who uses 
good quality control and only submits high quality 
material for inspection. This can be seen from the plot in 
Fig. 3 of the average number of tests required to reach a 
decision against the absolute quality of the submitted 
lot (computed as described in Reference 3). 
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Interaction of Dextroamphetamine Sulfate with 
Dextrates in Solution 


S. M. BLAUG' and WEN-TZY HUANG* 


Abstract 0 The interaction between dextroamphetamine sulfate and 
dextrates (a partially hydrolyzed starch composed of 92 dextrose 
combined with 8 higher saccharides) was studied in buffered 
solutions at three different temperatures and dextroamphetamine 
sulfate cobcentrations. On heating, solutions containing dextro- 
amphetamine sulfate and dextrates became progressively darker than 
solutions containing dextroamphetamine sulfate or dextrates 
alone. Also, a new absorption maximum appeared at  298 nm. in 
the solutions containing dextroamphetamine sulfate and dextrates. 
The rate of browning in these solutions increased with increasing 
temperature and pH and decreased with increasing dextroamphet- 
amine sulfate concentration. From the relationship shown in the 
plots of absorbance against time, the browning reaction was as- 
sumed to follow an apparent zerwrder rate law and the rate con- 
stants, k ,  were calculated for all solutions containing dextroam- 
phetamine sulfate and dextrates at pH 6 and 8 at 50, 60, and 70". 
Arrhenius-type plots werealsoobtained and were used toapproximate 
the browning rate at 25". By using TLC, IR spectroscopy, and 
elemental analysis, the brown material isolated from the discolored 
solutions was identified as amphetamine-hydroxymethylfurfural. A 
Schiff base-type reaction was postulated involving the primary 
amine and the carbonyl groups of the sugar. 


Keyphrases 0 Dextroamphetamine sulfate and dextrates in solu- 
tion-browning reaction, effect of temperature and pH, isolation 
of amphetamine-hydroxymethylfurfural 0 Dextrates and dextro- 
amphetamine sulfate in solution-browning reaction, effect of 
temperature and pH, isolation of amphetamine-hydroxymethyl- 
furfural 0 Amphetamine-hydroxymthylfurfural-isolated as 
brown material in solutions of dextroamphetamine sulfate and 
dextrates 


Koshy et al. ( I )  studied the browning of spray-dried 
lactose and USP conventionally processed lactose 
in aqueous solutions buffered to various pH's. Spray- 
dried lactose was found to have a UV absorption max- 
imum, whereas the USP conventionally processed and 
analytical reagent grade lactose did not. A relationship 
between the intensity of this maximum and the 5- 
hydroxymethylfurfural content was shown. This ab- 
sorbance was related to browning. The pH profiles for 
lactose, dextrose, and galactose were similar except that 
galactose solutions discolored over a wider pH range, 
5 and above, whereas the other two sugars discolored 
at pH 7 and above. The relative intensity of the brown- 
ing of the three sugars was lactose> galactose> dextrose. 
These studies were conducted in the absence of added 
amines. The same authors also studied the browning of 
lactose spray-dried powder at different temperatures and 
relative humidities. Their results indicate that a com- 
bination of heat and moisture accelerates browning 
more than either heat or humidity. Castello and Mat- 
tocks (2) reported that the presence of amines acceler- 
ated the browning reaction in tablets containing lactose, 
particularly when the tablets were stored at elevated 
temperature and high humidity. 


Brownley and Lachman (3) showed that the browning 
of lactose was related to the amount of free 5-hydroxy- 


methylfurfural in the lactose. This relationship be- 
tween free 5-hydroxymethylfurfural and browning was 
also found to exist for dextrose (4). However, the relative 
browning of dextrose and lactose formulations indicated 
that lactose was more susceptible to browning than 
dextrose. 


The browning of lactose and dextrose in the presence 
of added amines was shown by Duvall et al. ( 5 )  to be 
predominantly a primary amine-carbonyl reaction. A 
relative visual comparison of the formulations under 
all accelerated conditions indicated that amine brown- 
ing was worse with dextrose than with lactose. This 
type of browning, which has been referred to as Mail- 
lard-type browning (6), requires a relatively low order of 
energy for its initiation and exhibits autocatalytic 
qualities once it has begun. 


Dextratesl were recently developed for use as an 
excipient in direct compression tablet production. 
Dextrates are produced by the controlled hydrolysis of 
starch and are composed of 92% dextrose combined 
with 8% higher saccharides. Henderson and Bruno (7) 
studied the physical properties and stability of dex- 
trates with respect to tableting by direct compression. 
With regard to color stability, tablets prepared with 
dextrates and stored at different temperatures and 
humidities showed no substantial improvement over 
those prepared with spray-dried lactose. 


To study and explain the browning reaction reported 
(7) to occur in solid-solid mixtures containing an amine 
and dextrates, it was necessary to investigate the effect 
of temperature and pH on the rate of the browning re- 
action in solutions containing dextrates and an amine 
such as dextroamphetamine sulfate. A later study will 
report the interaction between an amine and dextrates 
in solid-solid mixtures. 


EXPERIMENTAL' 


ReagentgThe following were used: dextroamphetamine sulfate 
USP, m.p. > 300"; dextrates, m.p. 150-152'; silica gel G F d  for 
TLC; citric acid monohydrate'; analytical reagent grade dibasic 
anhydrous sodium phosphaw; and iodine USP. 


~ o c e ~ T m n s m i t t a n c e  Measurements-The reaction of dex- 
trates with dextroamphetamine sulfate was studied in buffered 
aqueous solution at pH 6 and 8 using citric acid-disodium hydro- 
gen phosphate buffers. These pH values were chosen since the 
browning of lactose, dextrose, and galactose solutions was reported 


1 Celutab, Penick and Ford Ltd., Cedar Rapids, Iowa. 
f All transmittance measurements were made using the Beckman 


DK-2 and DU spectrophotometers. I R  spectra were obtained using a 
Beckman IR-10 spectrophotometer equipped with sodium chloride 
optics and 0.1-mm. cells. Constant temperature was maintained with a 
Sargent heater and circulator equipped with a microset thermoregulator. 
All pH measurements were performed using a Beckman Zeromatic 11 
pH meter. 


a Hexagon Laboratories. New York. N. Y: 
4 Fisher certified. Fisher Scientific Co.. Fair Lawn, N. J. 
6 Mallinckrodt Chemical Works, St. Louis, Mo. 
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P i g w  1-Absorption spectra of solutions containing: (a) I dextr- 
amphetamine sulfate, (b) I Z dextroamphetamine sulfate and 10% 
dextrates, and (c) 10% dextrates in citric acirrlphosphate buffer, p H  
8. All solutions were heated for 2 days at 60". 


(1) to be minimal at pH 5 and accelerated at  pH 8 in the absence of 
added amines. Duvall et a/. ( 5 )  studied the reaction of dextrose and 
galactose with amphetamine in pH 8 buffer and reported that 
browning was apparent in 1 day with both monosaccharides. Three 
solutions were prepared: (a) a 1 %  dextroamphetamine sulfate 
solution, (6) a solution containing 1 % dextroamphetamine sulfate 
and 10% dextrates, and (c) a 10% dextrate solution. The solutions 
were heated at 60 f 0.1' in a constant-temperature oil bath for 2 
days. At the end of this time. 2-ml. aliquots were withdrawn and 
diluted to 100 ml. with water. The absorption spectra of these solu- 
tions were determined from 700 to 220 nm. using a spectrophotom- 
eter'. The blank consisted of a 2-ml. aliquot of the buffer solution 
that had been diluted to 100 ml. with water. The absorption spectra 
obtained at pH 8 are shown in Fig. 1. Similar spectra were obtained 
at pH 6. 


Identification of Reaction Products-Identification of the reaction 
products was carried out using TUJ techniques and 1R spec- 
trometry. TLC plates were prepared with an applicator', using silica 
gel GFtrc (0.25 mm. thick) as an adsorbent. Solutions containing: 
(a) 1 dextroamphetamine sulfate, (6) 1 % dextroamphetamine 
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Figure 2-Composite thin-layer chromatognun of dextroamphet- 
amine sulfate-dextrates solutions (buffered to p H  8 and heated for 2 
days at 60"). Key: a, 1 
dextroamphetamine sulfate and 10% dextmte solution: C, 10% 
dextrate solution; d, chloroform solution of precipitate from solution 
b; and e, I dextroamphetamine sulfate and O.OS% S-hydroxy- 
methylfurfural solution. The spots were detected by iodine vapor and 
UV light. 


dextroamphetamine sulfate solution; b, I 


Beckman DK-2. ' Beckmen model S. 


#Mo 1500 500 
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Figure 3-IR spectra o/: (A)  dextroamphetamine sulfate, ( E )  the 
brown precipitate isolated from a solution containing I % dextro- 
amphetamine sulfate and 10% dexrrates. and (C) dextrates. AN 
samples were obtained afrer heating for 2 days at 60". 


sulfate plus 10% dextrates, and (c) 10% dextrates, buffered to pH 
8 and heated for 2 days at  60" were spotted on a prepared plate. 
Also spotted on the plate were: (d) a chloroform solution of the pre- 
cipitated brown material which had appeared in Solution (b), and 
(e) an aqueous solution containing 1.0% dextroamphetamine sul- 
fate and 0.05% 5-hydroxymethylfurfural. The lower phase of a 
mixture of ethyl acetate-pyridine-water (2:1:2) was used for de- 
velopment, and iodine vapor and UV li& were used for visualiza- 
tion. A composite chromatogram is shown in Fig. 2. 


IR spectra of dextroamphetamine sulfate and dextrates were 
obtained, using KBr pellets, after heating each powder for 2 days at 
60' in a constant-temperature oven. The IR spectrum of the brown 
material obtained from Solution (6) was determined in chloroform 
(Fig. 3). 
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Figure &Effect of temperalure on the browning of 0.7Sz dextro- 
amphetamine sulfate + 10 dextrate solutions in cirrate-phos- 
phate buffer,pH 8. 
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Table I-Apparent Zero-Order Rate Constants for the Browning 
of Dextroamphetamine Sulfate-Dextrate Solutions at pH 6 


0.75% Dextro- 1% Dextro- 1.25% Dextro- 
amphetamine amphetamine am hetamine 


Sulfate + 10% Sulfate + 10% S u d t e  + 10% 
Tem- --Dextrates- -Dextrates- -Dextrates- 
pera- k, k ,  k ,  
ture day-1 log k day-1 log k d a r 1  log k 


50" 0.115 -0.9393 0.070 -1.1549 0.065 -1.1871 
60" 0.286 -0.5436 0.200 -0.6990 0,100 -1.oooO 
70" 1.063 0.0265 0.800 -0.0969 0.450 -0.3468 


Table II-Apparent Zero-Order Rate Constants for the Browning 
of Dextroamphetamine Sulfate-Dextrate Solutions at  pH 8 


0.75% Dextro- 1 % Dextro- 1.25% Dex!ro- 
amphetamine amphetamine amphetamine 


Sulfate + 10% Sulfate + 10% Sulfate + 10% 
Tem- --Dextrates- -Dextrates-- -Dextrates-- 
pera- k, k ,  k ,  
ture day-1 log k day-1 log k day-' log k 


50" 0.326 -0.4868 0.220 -0.6576 0.140 -0.8539 
60" 0.834 -0.0788 0.652 -0.1858 0.400 -0.3979 
70' 1.810 0.2577 1.313 0.1183 0.813 -0.0899 


0 
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Figure 6-Arrhenius-type plots showing the temperature dependence 
for the browning of dextroamphetamine sulfa te-dexrrate solutions in 
citrate-phosphate buffer, p H  8. Key: 0, 0.75 dextroamphetumine 
suuate + 10% dextrates: 0, 1% dextroamphetamine suljate 4- 
10% dextrates; and 0,  1.25% dextroamphetamine sulfate + 10% 
dextrates. 


Effect of Temperature, p H ,  and Drug Concentration on Browning 
Reaction in Aqueous Solution-Solutions containing 10 % dextrates 
and 0.75, 1.0, and 1.25% dextroamphetamine sulfate, in pH 6 and 
8 citric acid-disodium hydrogen phosphate buffers, were placed in a 
constant-temperature oil bath at 50,60, and 70 + 0.1 O. Buffer solu- 
tions containing 10% dextrates were also heated in the constant- 
temperature baths for use as blanks. At periodic time intervals, 2- 
ml. aliquots of these solutions were withdrawn and diluted to 100 
ml. with water. The absorbance of each solution was determined at 
298 nm. in a spectrophotometefl equipped with I-cm. silica cells, 
using the diluted dextrate solutions as blanks. Plots of absorb- 
ance against time were prepared for all solutions at pH 6 and 8 and 
at 50, 60, and 70 f 0.1 '. Because of the similarity in the plots, the 
effect of temperature on the browning reaction is shown in Fig. 4 
for a solution containing 0.75 % dextroamphetamine sulfate and 
10% dextrates at pH 8 and the effect of pH on the browning reaction 
is shown in Fig. 5 for a solution containing 1 dextroamphetamine 
sulfate and 10% dextrates at 70". From the relationships shown, the 
browning reaction was assumed to follow an apparent zero-order 
rate law and the rate constants, k, were calculated for all solutions 
containing dextroamphetamine sulfate and dextrates at pH 6 
and 8 at 50. 60, and 70". The calculated values are shown in 
Tables I and 11. Arrhenius-type plots indicating the temperature 
dependence for the browning of dextroamphetamine sulfate- 
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dextrate solutions in citrate-phosphate buffer, pH 8, are shown in 
Fig. 6. 


RESULTS AND DISCUSSION 


The absorption spectra shown in Fig. 1 indicate a marked change 
in the absorbance curve of Solution ( b )  when compared with the 
spectra obtained on Solutions ( a )  and ( c )  at pH 8. The results ob- 
tained at pH 6 were the same as those obtained at pH 8, except for a 
decrease in the rate of browning at pH 6. On heating at 60', Solution 
( b )  became progressively darker than Solutions ( a )  and (c), and a 
brown-black precipitate appeared in Solution (6)  after 2 days at 60". 
The intensity of absorbance at 257 nm. increased considerably in 
curve (b), and a new peak appeared at  298 nm. On dilution of Solu- 
tion (b)  with water, there was a marked decrease in the absorbance 
at 298 nm. This phenomenon, associated with the maximum at 298 
nm., is consistent with a report (8) concerning the absorption char- 
acteristics of a solution following the reaction of a primary amine 
with a carbonyl compound. Pigman (9) showed that reaction occurs 
between primary amines and aldehyde groups of open chain forms 
of the carbohydrates to form a Schiff base, as well as with ring 
forms of the carbohydrates to form glycosylamines. In either re- 
action, the resulting solution was colored. 


Solution (a )  did not discolor on heating at 60" and it showed 
a very slight increase in the intensity of the absorbance at 257 nm.. 
the characteristic absorption maximum of dextroamphetamine 
sulfate, when compared with an unheated dextroamphetamine sul- 
fate solution. 


After Solution (c)  was heated, an absorption maximum appeared 
at  about 283 nm., which was not present in the spectrum of the un- 
heated solution. The undiluted solution was light brown in color; 
however, when a 2-ml. aliquot was diluted to 100 ml. with water, 
the solution became colorless and the absorption peak at 283 nm. 
disappeared. The appearance of an absorption maximum at 283 nm. 
and discoloration of the dextrate solution were attributed to the de- 
composition of dextrose, the major constituent (92 %) in dextrates. 
Wolfram et al. (10) reported that the decomposition involved the 
conversion of dextrose to Shydroxymethylfurfurd, with the sub- 
sequent breakdown of this material to formic and levulinic acids and 
a colored material. Scallet and Gardner (11) and Joslyn (12) at- 


H 
Figure 5-Effect of p H  on the browning of I 
suuate + I0 


dextroamphetamine 
dextrate solutions at 70". 


0 Beckman DU. 
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tributed the discoloration of dextrose solutions to the polymeriza- 
tion of 5-hydroxymethylfurfural. 


The discoloration of the dextrate solution was negligible com- 
pared to the browning reaction that occurred in Solution (b)  which 
contained both dextrates and dextroamphetamine sulfate. Duvall 
rt al. (4) reported that amines increased the extent of the browning 
reaction in tablets prepared from dextrose. The solubility character- 
istics of the brown material obtained from Solution (b), which had 
been heated for 2 days at a", differed from those of the brown 
material obtained from Solution (c). The residue from Solution (b)  
was soluble in chloroform, ethanol, and acetone and could be ex- 
tracted from aqueous solution by these organic solvents. However, 
the residue from Solution (c) was very water soluble and could not 
be extracted with organic solvents. 


Identification of the reaction product(s) was carried out using 
TLC. A composite chromatogram is shown in Fig. 2. It indicated 
the presence of one reaction produced at  RI 0.513, which was 
present in Solutions (b), (4, and (e). 


As shown in Fig. 3, the appearance of a strong absorption band 
at 1650 cm.-' (C=N) in the IR spectrum of the brown material iso- 
lated from Solution (b )  offered further proof of the occurrence of a 
reaction between the amine and the carbonyl group of the sugar 
(dextrates). Since decomposition of dextrose involves its conversion 
to 5-hydroxymethylfurfural, the reaction product was postulated as 
amphetamine-hydroxymethylfurfural. 


The brown residue obtained from Solution (b)  was subjected to 
elemental analysis. 


Anal.-Calc. for CI5Hl7N02 (amphetamine-hydroxymethylfur- 
fural): C, 74.07; H, 6.99; N, 5.76. Found: C, 73.01; H, 6.69; N, 5.98. 


Elemental analysis of the precipitate was compatible with the 
postulated structure of the reaction product, amphetamine-hydroxy- 
methylfurfural. 


Results of the study on the effect of temperature, pH, and drug 
concentration on the rate of the browning reaction in solutions con- 
taining dextroamphetamine sulfate and dextrates are shown in 
Figs. 4 and 5 and Tables I and 11. Figures 4 and 5 show that the rate 
of browning was faster at higher temperatures and at pH 8. In fact, 
the browning reaction was so slow at 50" and pH 6 that no discolora- 
tion occurred even after heating for 1 day. Data in Tables I and I1 
also show that the rate of browning increased substantially with 
decreasing concentrations of dextroamphetamine sulfate. Tempera- 
ture and pH were major factors contributing to the browning re- 
action. Browning was faster and more intense at 70" and pH 8 than 
it was at lower temperatures and pH 6. The calculated rate constants 
at 50,60, and 70" and at pH 6 and 8 are shown in Tables I and I1 
for the three dextroamphetamine sulfate-dextrate solutions. 


Typical Arrhenius-type plots obtained at  pH 8 are shown in Fig. 
6. A straight-line relationship between log k and 1/T was obtained, 
with a negative slope at each dextroamphetamine sulfate concentra- 
tion studied. The time required for browning to occur a t  25" can be 
obtained from such plots by determining the rate constant, k, at 
25". For example, the time required for browning to occur at 25" 
and pH 8 in the solutions containing 0.75, 1, and 1.25% dextro- 
amphetamine sulfate and 10% dextrates was calculated as 33.4, 
40.94, and 43.02 days, respectively. Except for slower browning 
rates, similar plots would be obtained at  pH 6. 
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BOOKS 


REVIEWS 


USAN 10 and the USP Dictionary of Drug Names. Published for the 
USAN Council by the U. S. Pharmacopeial Convention, Inc., 
Rockville, MD 20852, 1972. xii + 200 pp. 50 X 60 cm. Rice 
$15.00. 
If tht USP officials had resisted the temptation to project a bit of 


chauvinism in their new title to this publication, it would be hard to 
fault the new edition. Indeed, it has much more information, pre- 
sented in a larger and more convenient page size. than ever before. 
Moreover, the thought and editorial care devoted to organizing and 
providing a considerable amount of diverse factual information in 
aconcise yet readilycomprehensible format areimmediately apparent 
to the reader. 


There also is every reason to expect that the accuracy of the tech- 
nical content will merit the reader’s confidence. Although we are 
aware that past USAN booklets published by the USPC have taken 
certain liberties with the”official” USAN lists as they haw emanated 
from the USAN office, the extent of such editorial license in the 
present volume can only be assessed after considerable use. and close 
review. Furthermore, the matter of compiling completely accurate 
information *of this nature in a uniform format presents so many 
difficulties and complications that few if any other drug name dic- 
tionaries could even approach the apparent completeness and re- 
liability of this Current volume 


Moreover, there are other good features which add to the general 
usefulness of the volume. For example, we were pleased to note that 
a listing of pertinent Chemical Abstracts Service Registry Numbers 
is included for the first time, and that the Molecular Formula cross- 
listhg to corresponding USAN names has been reinstated after a 
brief absence. This latter feature-which comprises Appendix II- 
provides the only means of locating a name for a compound when 
structure, formula, or composition is known rather than the reverse 
situation (i.e., having a USAN or other coined drug name which 
one wishes to identify further). 
So much for the generally fine content of the compilation. Let us 


now return to our opening comment concerning the overly promi- 
nent mention of one of the cosponsoring organizations in what is 
essentially the collaborative work of three organizations plus the 
Food and Drug Administration. The USAN program has indeed 
been a success. On its fifth anniversary we saluted the project with 
our editorial “Drug Names-A Semblence of Order” which ap- 
peared in the June 1966 issue of this Journal. Undoubtedly, much of 
the reason for the success has been due to two factors: (a) the sub- 
merging of individual sponsor identification in the interest of the 
mitied joint effort and (b) the excellent administration and guidance 
of the operation by the USAN office staff. 


The present volume’s title obviously flies in the face of the unity 
theme. In searching for an explanation, we perused the Foreword to 
the book, and noted the proud boast that: “Unanimous approval 
of the new format was expressed by members of the USAN 
Council.” However, we learned that, through a purpqrted USPC 
oversight, the USAN Council members were neither informed 
nor polled concerning the change in title of the publication! 


In the Foreward we also noted the justly deserved accolades ac- 
corded two of the charter members of the USAN Council. But what 
does the Foreword say about the real workhorse, Dr. Joseph B. 
Jerome, who has been the full-time USAN Council Secretary and 
director of the program since its inception in 1961 ? In a word, 
nothing. This silence is strange and puzzling. Unless it was a careless 
oversight on the part of the USP Executive Director, this silence 
reflects either a naive understanding of the complex USAN opera- 
tion and the critical contribution made by the USAN Secretary and 
his staff or, even more disturbing, it suggests a purposeful tipping 
of the scales in some self-serving, status-seeking effort. 


Staff Review W 


Pbannacognosy, loth Edition. By G. E. TREASE and W. C. EVANS. 
Williams & Wilkins, Baltimore, MD 21202, 1971. viii + 795 pp. 
14.5 X 23 cm. Price $23.00. 


This pharmacognosy text is an improved revision of the previous 
edition. Although the format and intended readership have not been 
altered, certain chapters and parts have been rearranged to give 
better continuity in the presentation of the subjects. 


The book is divided into nine parts with the parts concerning the 
introduction to pharmacognosy , plant morphology, plant taxon- 
omy, plant cultivation, and microscopic techniques remaining es- 
sentially unchanged. The general discussions on phytochemistry are 
augmented by the addition of brief accounts on cytostatic agents, 
hallucinogens, allergens, and insecticides; the text is strengthened by 
the updated revision of the biosynthesis of secondary metabolites, 
the addition of a concise discussion on the difficult subject of chemo- 
taxonomy, and the inclusion of the phytochemical Appendix listing 
selected Chemical Abs/rac/s citations from January 1966 to Decem- 
ber 1970. 


The most objectionable portions of the text to this reviewer are 
the parts dealing with the individual drugs, which remained funda- 
mentally descriptive. In areas of the world where crude drugs are 
still used extensively, this book can be a very valuable text. In the 
United States. however, the phytochemical and biological aspects of 
natural drugs are more important since our pharmaceutical practices 
involve minimal contact with crude drugs. The value of this text is, 
therefore, limited in the United States. It  should be noted, however, 
that the authors have added some phytochemical data to discussions 
concerning certain of the plant families. Unfortunately, the authors 
did not attempt any correlation of chemical data with the biological 
effects of the drug plant constituents within these taxa. Another 
disturbing feature of this text is the need of the reader to make fre- 
quent cross-references between the families and drugs in Part 7 and 
the appropriate chapters in other parts of the book for chemical 
structure and other data, which renders the book less than ideal as a 
text for students. 


Although this reviewer does not recommend this book as a student 
text, he does recornmend its addition to college of pharmacy li- 
braries. 


Reoiewed by Harry H. S. Fong 
University of Illinois 


Chicago, IL 60680 W 
ar rhe Medical Center 


k m  BiostntistiCt3. An Introduction to Statistics With A p p h -  
tiom in Biology and Medicine. By D. COLQUHOUN. Clarendon 
Press (Oxford University), 16-00 Pollitt Drive, Fair Lawn, NJ 
07410, 1971. xviii + 425 pp. 15.5 x 23 cm. Price 511.50 paper- 
back; f17.75 cloth bound. 
“Most people need all thehelp they can get topreventthem making 


fools of themselves by claiming that their favorite theory is sub- 
stantiated by observations which do nothing of the sort.” The 
author’s thesis is that most statistical treatment of experimental data 
is carried out with little thought, if any, being given to the validity of 
assumptions concerning the distribution of the observations which 
underlie parametric tests, and that a more “critical way of thinking 
about experimentation” is urgently needed when measuring “ab- 
stract quantities such as pain, intelligence and purity in heart.” 


The book has 14 chapters, two appendixes, and an eight-page 
index. h i d e  the back cover is a quick guide to significance tests 
applicable to various types of measurements, e.g., classification, 
ranked, or numerical. An index of symbols in the beginning of the 
book covers four pages and is quite complete if somewhat lengthy. 
The author includes here notation not familiar to this reviewer, 
e.g., script Roman letters for population and parameter estimates. 
On the other hand, the more familiar e (epsilon), designating raib 
dom error, and p (rho) for the population correlation coefficient are 
not used. 


Chapters 1-4 covering basic statistical concepts. fundamental 
operations, and theoretical distributions are quite conventional. 


Chapters 6-11 deal with significance tests, confidence limits, 
classification measurements, numerical and rank measurements, and 
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Alterations in Absorption of Dicumarol by 
Various Excipient Materials 


M. J. AKERS*, J. L. LACH*, and L. J. FISCHERtA 


Abstrpct 0 A plasma level study was conducted in dogs to determine 
the effects of various excipient materials on the absorption of dicu- 
marol. Thedrug wascombined with the excipients by an equilibration 
process and administered orally. Plasma concentrations of dicumarol 
after administration with excipients were compared to control levels 
produced by the drug given alone. Significant differences in the 
plasma levels of dicumarol were observed with six of the 10 excipi- 
ents used in the study. Significantly higher plasma levels (up to 16OX 
of control values) were observed when dicumarol was administered 
with magnesium oxide or hydroxide. This effect may be due to che- 
late formation because the magnesium chelate of dicumarol pro- 
duced higher plasma levels of dicumarol than the drug admhis- 
tered alone. Dicumarol administration with talc, colloidal mag- 
nesium aluminum silicate, aluminum hydroxide, or starch resulted 
in significantly lower plasma levels of the drug. It is suggested that 
these types of interactions may be an explanation for ditrerences in 
the bioavailability of dicumarol from different dosage formulations. 


Keypbtslws 0 Dicumarol absorption--effect of various excipients 
on plasma levels, dogs 0 Absorption, dicumarol4ect of various 
excipients on plasma levels, dogs 0 piasma levels, dicumaroceffect 
of various excipients, dogs 0 Excipient effectdicumarol absorp- 
tion, plasma levels, dogs 0 Bioavailability, dicumarol4ect of 
various excipients on plasma levels, dogs 0 Magnesium oxide, 
hydroxide excipients-etTect on dicumarol absorption, dogs 


Substantial evidence is available to show that the ab- 
sorption characteristics and, ultimately, the therapeutic 
performance of a drug can be significantly altered by 
changes in the materials and methods used in its formu- 
lation. Wagner (1) recently provided a review of studies 
involving the determination of generic equivalency or 
inequivalency of different commercial brands of a single 
drug. Ten of the 12 drugs studied showed significant dif- 
ferences in the bioavailability of drug when two or more 
commercial brands of the same drug were compared. 


Lach and his coworkers (2 -4 ,  through diffuse reflec- 
tance spectroscopic studies, demonstrated that some ad- 
juvants used in product formulation interact with cer- 
tain drugs to form complexes. These combinations ex- 
hibited markedly different diffuse reflectance spectro- 
scopic characteristics compared to those of the drug 
alone. The oral anticoagulant dicumarol was shown to 
interact with various organic and inorganic formula- 


tion materials, and it was suggested that these types of 
interactions may alter the bioavailability of the drug (3). 
Dicumarol has been shown to be poorly absorbed (9, 
and its bioavailability may be particularly susceptible to 
formulation changes. Losinski (6) reported that formu- 
lation changes involving the addition or reduction of in- 
ert fillers in tablets of dicumarol resulted in significant 
therapeutic variations. 


The purpose of this study was to investigate whether 
the absorption of dicumarol could be altered by adminis- 
tration of the drug in combination with various formula- 
tion materials. The characteristics of its absorption and 
elimination, coupled with a pharmacological response 
dependent on plasma concentration, permitted the use 
of dicumarol to show that drug-excipient interactions 
may be an explanation for differences in therapeutic 
efficacy among different dosage formulations. 


EXPEUIMENTAL 


Mntedals--Dicumaroll was recrystallized from dioxane (m.p. 
288-289'). Other materials used were: magnesium oxide, heavy'; 
magnesium hydroxide, reagent grade'; magnesium stearate USP; 
dibasic calcium phosphate NF, hydrous'; aluminum hydroxide 
powder'; colloidal magnesium aluminum silicate'; silicic acid'; 
starch USP; talc USP; polyvinylpyrrolidonee; and polysorbate 80'. 


Elemental analysisof the magnesium chelate of sodium dicumarok 
showed it to have the form (dkumarol-Na4Mg. A method for the 
preparation of the chelate was wported previously (4). 


Animak-Eight healthy mongrel dogs of either sex, weighing 
10-21 kg.. were utilized in the study. The animals were housed in 
stainless steel cages and fed dog chow' between 8 a.m. and noon 
daily, unless specified otherwise. 


DiamrarocExcipieat M1.tmekDicumarol was mixed with an 
excipient in two different weight to weight ratios-6 dicumarol:94 
excipient and 1 dicumarol: 1 excipient. Dicumarol was dissolved in 
chloroform to make a solution Containing 0.3 g. in 50 ml. An appro- 


1 K and K Laboratories. 
3 Mallinckrodt. 
8 Matheson, Coleman and Bell. 
4 Vccgum. d a r .  Vanderbdt. 
'Fisher. - 
8 Antara Chemicals. 
7 Tween 80, Atlas. 
I A gift from Dr. L. Bighlcy. CoUege of Pharmacy, Univenity of Iowa. * Purina. 
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Figure I-Plasma concenrmtions of dicumard after sirtgle om1 doses 
of the drug gioen alone (control) or wirh various excipient materials. 
The d u e s  shown are the mean offour animals. Open dam points fn- 
dicate significant differences from control. Variation about the mean 
d u e s  was not statistically different from that of the control d u e s  
which are shown wirh SEM. 


priate amount of excipient was added to the solution, and the mix- 
ture was stirred briefly by hand and allowed to stand in a glass-stop 
pered flask for 16 hr. The solvent was removed on a rotary evapora- 
tor, and the dry powder was collected after passing through a U. S. 
Standard No. 100 sieve. 


Lhug Admlnlsh.Ptlan-The dogs were fasted approximately 8 hr. 
before and 24 hr. after drug administration. Water was allowed at  all 
times during the experiments. Dicumarol alone or the dicumarol-ex- 
cipient mixtures were administered as aqueous suspensions by gas- 
tric intubation using a soft rubber catheter. The suspension was pre- 
pared by stirring the required amount of drug with 1-2 ml. of dis- 
tilled water containing 0.05% polysorbate 80. Additional distilled 
water was added to bring the volume to 25 ml. and the suspension 
was immediately administered to the animal. A wash of 50 ml. of dis- 
tilled water followed the dose to ensure quantitative administra- 
tion. 


The dose of the magnesium chelate of dicumarol was prepared 
in an identical fashion. In one dog. an intravenous dose of 5 mg./kg. 
of dicumarol was given after the animal had repeatedly received the 
same dose of drug orally. The vehicle used was 5 ml. of a dilute se 
dium hydroxide solution. 


Blood Samples-Blood samples (7 ml.) were withdrawn by veni- 
puncture and collected in heparinized Vacutainerslo. A sample was 
obtained just prior to dosage administration, and subsequent sam- 
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ples were obtained 1,2,4,8.12,24,48,72, and 96 hr. after the dose. 
Starting at  12 hr. after the dose, an additional blood sample (2.7 ml.) 
was withdrawn at  each sampling time in Vacutainers containing 
sodium citrate for prothrombin time measurements. Hepannized 
plasma was stored at  - 20" prior to dicumarol analysis. 


Analyds of Plasma-Plasma samples were analyzed for dicumarol 
following the spectrophotometric procedure of Axelrod et al. as re- 
vised by Nagashima et al. (7). Plasma samples were analyzed by the 
same method after oral administration of the magnesium chelate of 
dicumarol. The UV absorbance maximum and molar absorptivity 
of the chelate in  2.5 N NaOH were the same as those for dicumarol. 
Analysis of dog plasma containing known amounts of the magne- 
sium chelate of dicumarol produced an identical standard curve 
when compared to dicumarol. 


prothmmbia Time Meswwments--The onestage method of 
Quick (8) was used on fresh plasma. Measurements were made on a 
BBL Fibrometerll using rabbit brain thromboplastinll. 


phprmacokinetic Analysis-Absorption and elimination rate con- 
stants were obtained by submitting plasma level data to a nonlinear 
regression analysis". Areas under the individual animal plasma 
level curves (0-96 hr.) were calculated using the trapezoidal tech- 
nique. Areas from % hr. to infinity were calculated by the usual 
method (9), using the elimination rate constant determined by linear 
regression analysis of the logarithms of the 48-, 72-, and 96-hr. 
plasma dicumarol concentrations. 


Experimentnl Design-Plasma levels of dicumarol after an oral 
dose of the drug in a mixture with excipient were compared to those 
resulting from oral administration of dicumarol powder. To reduce 
interanimal variation in plasma levels, a recognized characteristic 
of dicumarol administration (9, the dose of the drug used in each 
dog was that which produced a peak plasma level of 20-25 mcg./ml. 
after an oral dose of dicumarol powder. On the basis of the results of 
a preliminary test dose of dicumarol, the animals received 4,5, or 7 
rng./kg. of the drug. Each of the animals received three control 
doses(puredicumaro1 powder) and from seven to 10 different dicu- 
marol-excipient mixtures. A control dose was given first to each 
animal, and the subsequent control and dicumarol-excipient doses 
were given in a completely randomized manner. Blood samples were 
taken at selected intervals after each dose for plasma dicumarol 
and prothrombin time analyses. There was at least a 2-week interval 
between doses of the drug, during which time the drug plasma levels 
fell to undetectable levels and the prothrombin times returned to 
normal. 


StaWcaI Annlysls-The following parameters were analyzed 
statistically: plasma concentrations, areas under the plasma level 
curves,and peak prothrombin responses. The control values for each 
animal were the averages obtained from three doses of pure dicu- 
mar01 given at different times. Mean parameters were computed from 
the data obtained from four dogs. Each dog in a group of four dogs 
received the same complement of dicumarokxcipient mixtures and 
three control doses. The means were compared by a one-way analy- 
sis of variance randomized complete block design, and statistical 


11 Bioquest Laboratories. 
I *  Usin the IBM-360 computer and the NONLIN program of Dr. 


Carl Met%er, The Upjohn Co. 
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Table I-Control Dicumarol Plasma Levels for Each Dog Used in the Study 


M M M M M M M F 
Dose, mg./kg. 4 7 7 4 5 5 5 5 
Z g h t ,  kg. 10 11 18 20 17 22 21 20 


~~ 


Mean (SE) Concentration of Plasma Dicumarol, rncg./ml. 
Hours Dog 1 D-2 Dog3 Dog 4 Dog 6 Dog 7 Dog 8 Dog 9 


1 14.5" 16.50 10.1(2.4) 9.8(0.6) 5.6 - 6.1(1.5) 5.2(1.3) 11.3(4.0) 
2 20.2(1.0) 19.4(1.5) 17.7(0.6) 15.2(0.3) la.fJ(1.8) 13.3(1.8) 17.2(4.5) 17.8(4.0) 
4 21.90 23.1" 25.8(1.3) 16.5(0.8) 26.0(1.2) 25.4(1.2) 23.5(1.0) 24.9(3.0) 
8 24.6(0.4) 24.2U.7) 25.9(1.8) 17.8(1.0) 25.2(0.9) 26.3(1.1) 23.8(0.4) 27.4(4.9) 


12 24.9(0.5) 25.5(0.8) 25.7(1.6) 17.1 (0.7) 24.6(1.5) 27.9(1.8) 23.2(0.4) 25.2(4.6) 
24 20.4(1.0) 22.4(0.5) 27.3(1.5) 18.2(2.7) 18.2(2.7) 24.4f1.7) 26.9(3.0) 24.8(3.8) 
48 17.8(0.7) 14.6(0.6) 21.6(1.2) 12.6(1.3) 17.7(0.6) 20.6(2.3) 19.4(0.4) 18.8 1.8) 
72 13.4(0.5) 8.1 (1.5) 16.6(1.0) 9.4(1.0) 12.5(0.4) 17.7(2.1) 14.5(0.3) 14.6t1.4) 
96 12.4(0.4) 4.6(1.0) 11.6(1.5) 7.0(1.7) 8.9(0.8) 13.4(1.4) lO.a(O.0) lO.S(l.4) 


0 Only one value at this time. The rest of the values are the mean of three experiments. 


differences from control values were determined by the least signifi- 
cant difference method (10). 


ducibility of the control plasma levels of dicumarol is indicated by 
the low standard errors of the mean values. These mean values were 
used for comparison to plasma levels resulting when the drug was 
administered in combination with various excipient materials. 


Dicumarol Plasma Levels nfter Oral Administration with Various 
Exdplents-The mean plasma levels of dicumarol administered 
alone or in combination with various excipient materials are shown 
in Figs. 1-3. Significant increases in dicumarol plasma levels over 
control resulted when the drug was administered with magnesium 
oxide (Fig. 1). Slightly higher levels were observed with the mixture 
containing 9 4 x  magnesium oxide compared to the mixture contain- 
ing equal weights of the drug and magnesium oxide. Significant de- 
creases in dicumard plasma levels were observed when the drug 
was administered with talc. Decreasing the proportion of talc in the 
mixture had little effect on the ability of this material to lower drug 
plasma levels (Fig. 1). 


The results in Fig. 2 show that significant increases in dicumarol 
plasma levels resulted when the drug was given in a mixture contain- 
ing either 94 or 50% magnesium hydroxide. In contrast, significant 
decreases in drug plasma levels were observed after administration 
of dicumarol in a mixture containing 94% aluminum hydroxide. No 


RESULTS 


Reproducibility of Mcumarol Plasma Levels--Considerable inter- 
animal variation was observed in dicumarol plasma levels after 
identical oral doses to dogs. Because of this, the oral dose of dicu- 
marol necessary to produce a standard (control) level from which al- 
terations in drug absorption could be evaluated was determined in 
preliminary experiments on each dog. Adequate plasma levels and 
prothrombin time responses were produced with oral doses ranging 
from 4 to 7 mg./kg. Each dog was given the same dose of dicumarol 
throughout the experiments. Plasma levels of dicumarol after an oral 
dose were found to be reproducible in each animal.The mean plasma 
levels resulting from control doses of dicumarol powder adminis- 
tered to each dog at  three different times throughout the study are 
shown in Table I. Analysis of the control plasma levels in each dog 
showed that time- or drug-dependent changes in dicumarol absorp- 
tion and elimination did not occur in these experiments. The repro- 


Table II-Plasma Level Parameters and Prothrombin Time Responses following Oral Doses of Dicumarol in 
Combination with Various Excipient Materials0 


Percent 


ient in Peak Dicumarol Maximum 
Dosc Plasma Concentration at Area under Piasma Level Curve, Prothrombin Time 


of Excip 


Mixture, Level Time, Peak Level, ---x Change from Control--- R S p o d ,  
Excipient w/w hr. mcg./ml. 0-96 hr. 0-a, hr. sec. 


Group I (Dogs 1, 2,7, and 9) 
Control 
Magnesium oxide 
Magnesium oxide 
Talc 
Talc 


0 
94 
50 


8-1 2 
1-2 
4 
8 


12-24 
8 


8-12 
2 
4 
8 
8 
4 


12-24 
8 


25.8 (0.6) 
+39.6 ( 5  .O) 


16.3 (1.1) 
*23.3 (4.0) 


18.1 (2.1) 


- 
+22.8 (17.5) + 1 1 .6 (20.4) 


+-45.7 (6.0) 
+-56.5 (3.0) 
- 1.3 (22.1) 


++31.4 (11.9) 
*+30.0 (11.2) w . 1  (3.6j 


*l6.9 (1.4) 94 
50 
94 


0 
94 
50 
94 
50 
94 


+-37.0 ( 5 . 1 ) -  


-10.0(12.2) 
*-34.2 (4.7) 


14.1 (i .6j  
18.0(2.3) 
lS.O(l.9) 


+ i7 .5( i .o j  
26.4(1.5) S&cic acid 


Control 
Group I1 (Dogs 3, 4, 6, and 8) 


23.1 (1.8) 
V0.1 (5.2) 
+ M . 8  (3.6) 


14.7 (1 .O) 
*20. 2 ( I .  8) 


- 
*+56.6 (22.3) 
++27.7 (18.6) 


+5.4 (12.5) 
+10.4 (20.0) 


+-56.6 (5.2) 


- 
*+71 .O (40.0) 
++63.6 (33.1) 
+-60.0(5.6) 


+12.2 (23.4) 
+11.9 (21.3) 


4-1.1 (31.5) 
-28.5 (8.3) 


-30.9 (4.3) 
- 


Magnesium hydroxide 
Magnesium hydroxide 
Aluminum hydroxide 
Aluminum hydroxide 
Ma esium stearate 
Colgidal magnesium 


aluminum silicate 
Calcium hosphate 


Control 
Starch 


Control 
Pol p i n  ylpyrrolidone 


Group I11 (bogs 4,6,7, and 9) 


Group IV (Dogs 3,4,6, and 7) 


15 .o ( i .3 j  
11.3 (1.1) 
14.4 (1.6) 
15.7 (1.6) 


11.7 (0.5) 
14.7 (1.7) 


15.8 (2.9) 
15.7 (3.3) 


15.1 (2.4) 
17.3 (2.6) 


*ioi i i i . 7 j  
25.1 (1.2) 
30.1 (5.1) 


50 
94 


0 
94 


0 
50 


*16.7(3.3) 
22.1 (2.1) 


'-23.7 (13.2) 
*-26.2 (5 .0)  


8-12 
4-24 


24.1 (2.3) 
*16.8 (2.5) 


- 
'-25.0 (8.2) 


8-1 2 
12-24 


24.2 (2 .O) 
27.2 (2.5) 


- 
-19.0(4.0) 


- 
+12.3(17.2) 


0 Values are mean (SE) for four dogs; asterisks ) indicate a significant difference from control, p < 0.05. b Normal prothrombin times were 
not subtracted. Range of normal values was 1.3-8rsec. 
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Figwe GSemUogarithmic plots of plasma dicumard concentrations 
after identical doses of the drug were given intraeenously (O), orally 
alone (0), or orally with 94% magnesium hydroxide (A) to Dog 7. 
First-order rate constants for absorption and elimination were de- 
termined from a nonlinear regression analysis as described in Methods. 


difference in the dicumarol plasma levels was observed when the 
drug was administered as a 50% mixture with aluminum hydroxide 
(Table 11). It is evident from the results presented in Fig. 3 that the 
combination of dicumarol with starch or colloidal magnesium 
aluminum silicate resulted in lower plasma levels of the drug com- 
pared to those resulting from administration of the drug alone. 


It can be observed in Figs. 1-3 that the postabsorptive decline in 
dicumarol plasma levels was similar whether the drug was given 
alone or with excipients. This suggests that the differences in plasma 
levels observed were due to absorption of the drug and not to its 
elimination from the plasma. 


Dicumarol administered in combination with several other ex- 
cipients did not alter the dicumarol plasma levels compared to those 
produced by the drug given alone. These results are not given in the 
figures, but the pertinent parameters measured are presented in 
Table 11. The excipients that did not alter dicumarol absorption 
were silicic acid, magnesium stearate, dibasic calcium phosphate, 
and polyvinylpyrrolidone. 


Comparieon of Blowailability Parameters-Table I1 presents data 
commonly used to evaluate bioavailability. Both magnesium oxide 
and magnesium hydroxide increased the peak plasma concentration 
of dicumarol in addition to shortening the time necessary to reach 
the peak levels. The time for peak plasma concentrations to be 
reached was reduced from 8-12 hr. after administration of the con- 
trol doses to 1-4 hr. when the magnesium oxide or magnesium hy- 
droxide combinations were administered. Peak plasma levels of 
dicumarol were increased by as much as 80% compared to controls 
when the drug was combined with these agents. If it is assumed that 
these agents do not alter the elimination of the drug from the plasma, 
these parameters suggest that magnesium oxide or hydroxide in- 
creased the absorption rate of dicumarol. 


Table I1 presents the effects of the excipient materials on the areas 
under the dicumarol plasma level curves. Magnesium oxide and hy- 
droxide, which were observed to increase the peak plasma concen- 
trations of dicumarol compared to control, also increased the area 
under the 0-96-hr. plasma level curve. A significant increase was ob- 
served for magnesium hydroxide but not for magnesium oxide when 
the 0-m areas were compared to control. This indicates that mag- 
nesium hydroxide may increase the total amount of drug absorbed. 


The rapidity of the absorption of dicumarol when given in a mix- 
ture with magnesium oxide was evaluated in one dog by comparing 
the plasma levels after an oral dose of the mixture to that produced 
by an identical intravenous dose of the drug. The results (Fig. 4) 
show that shortly after an oral dose of dicumarol as a mixture con- 
taining 94% magnesium oxide, the plasma levels of the drug were 
nearly identical to those resulting from an intravenous dose. A 
pharmacokinetic analysis shows that the absorption rate constant 
(K.) of dicumarol given with magnesium oxide was 2.8157 hr.-1. 
which is nine times larger than the K.value of 0.3098 hr.-I obtained 
when the drug was administered alone. The elimination rate con- 
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Flgure 5-Mean plasma concentrations of dicumarol after oral ad- 
ministration of the drug or its magnesium chelate to Dogs 3 , 4 , 8 ,  and 
9. Open data points are statistically different from the corresponding 
aalues at the same time. 


stants ( K c )  calculated from oral and intravenous doses to the dog 
were similar: 0.00901 and 0.00969 hr.-I, respectively. Comparison 
of areas under the plasma level curves indicated that only 70% of a 
control dose of dicumarol was absorbed and that magnesium oxide 
increased bioavailability to near 100%. 


Prothrombin times were measured after the administration of the 
anticoagulant either alone or combined with excipient materials. 
The maximhl prothrombin time responses, which usually occurred 
at 48 hr. after the dose, are also listed in Table 11. These values were 
increased by 50% over the control when dogs were given the drug-- 
excipient combinations containing 94% magnesium oxide or hy- 
droxide, indicating that these agents increased the pharmacological 
response. 


Those excipients, which when combined with dicumarol signifi- 
cantly reduced drug plasma levels, generally delayed the time at 
which the peak plasma levels were attained. The time for the peak 
plasma level to be reached was extended from 8-12 hr. after adminis- 
tration of dicumarol alone to 12-24 hr. after a dose of the drug com- 
bined with talc (50%) or colloidal magnesium aluminum silicate and 
to 4-24 hr. after dicumarol was administered with starch. Although 
aluminum hydroxide did not delay the peak plasma level time, the 
mixture containing 94 % aluminurn hydroxide produced the greatest 
reduction in the concentration of dicumarol at the peak plasma level. 
This mixture reduced the peak plasma concentration to 44% of that 
produced by the drug given alone. Both talc and aluminum hy- 
droxide (9473 significantly reduced the areas under the plasma level 
curves; it is suggested that these materials reduced the total amount 
of drug absorbed compared to control. Colloidal magnesium alum- 
inum silicate and calcium phosphate showed a small reduction in 
the area under the 0-96-hr. blood level curve. This reduction was not 
apparent in the 0-= area value. 


None of the dicumarol-excipient combinations that exhibited de- 
creased absorption of the drug produced a statistically significant 
different prothrombin response. A trend existed, however, toward 
lower prothrombin times when the dicumarol was administered with 
aluminum hydroxide.talc, or colloidal magnesium aluminum silicate. 


Absorption of Magnesium Chelate of Mcumard-Since dicumarol 
has been shown to form chelates with metals, including magnesium, 
the role of chelation in the production of increased dicumarol 
plasma levels by magnesium oxide and hydroxide was investigated. 
The magnesium chelate of sodium dicumarol was administered to 
four dogs. Plasma concentrations of dicumarol resulting from di- 
cumarol-magnesium chelate administration were compared to those 
produced by oral administration of sodium dicurnarol to the same 
animals. The results (Fig. 5) indicate that the magnesium chelate 
produced significantly higher plasma levels of dicumarol. The plasma 
level curve of dicumarol after administration of the chelate was 
almost identical to that produced by administration of the drug 
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as a mixture with 94% magnesium hydroxide (Fig. 2). The mean 
f SE peak prothrombin time after administration of the dicumarol- 
magnesium chelate was 21.7 f 4.0 sec. This value is statistically 
larger than that observed after administration of dicumarol alone 
(15.1 f 1.0 sec.), showing that the higher plasma levels of the drug 
resulting from the chelate also increased the biological effect of the 
drug. 


DISCUSSION 


The results presented indicate that certain excipient materials can 
dramatically alter the absorption of dicumarol. Both increases and 
decreases in the absorption of dicumarol were observed as a result 
of administering the drug with these materials. The well-recognized 
adsorbent properties of aluminum hydroxide (1 1) probably account 
for the reduced bioavailability of dicumarol when it was adminis- 
tered with this agent. Decreasing the proportion of aluminum hy- 
droxide in the dose mixture to 50% eliminated its inhibiting effects 
on the absorption of dicumarol. This concentration effect was not 
seen with talc, which decreased dicumarol absorption at both drug 
concentrations tested. Thus, it may not be possible to assume in 
every case that an excipient effect on drug absorption can be re- 
duced by lowering the amount of excipient given with the drug. 
Colloidal magnesium aluminum silicate and starch were only tested 
at one concentration, and no assessment of a concentration de- 
pendence on their inhibitory effects can be made. It is assumed that 
the adsorptive properties of these excipients coupled with their water 
insolubility are the chief characteristics that serve to decrease di- 
cumarol absorption. The lack of effect of polyvinylpyrrolidone on 
d i c u w o l  absorption was somewhat surprising in view of its recog- 
nized ability to complex drugs (12) including dicumarol(13). 


Magnesium oxide and hydroxide enhance the absorption rate of 
dicumarol and also potentiate its anticoagulant action when com- 
bined with dicumarol in a mixture Containing 94% excipient and 6% 
drug. Dicumarol is a weak organic acid; as such, it is considerably 
more soluble in alkaline solutions and is less readily absorbed from 
the acidic stomach contents (14). When the drug is administered 
with a basic substance such as magnesium oxide or hydroxide, it is 
possible that these excipients increase the rate of dissolution and 
allow a more rapid rate of absorption of the drug from the GI 
tract. 


The administration of the magnesium chelate of dicumarol signifi- 
cantly increased the bioavailability of the drug. Comparison of dicu- 
marol plasma levels produced by the chelate and those produced by 
the mixture with magnesium oxide or hydroxide show that they are 
similar except at the earliest sampling time. The mixture produced 
significantly higher dicumarol levels than the chelate 1 hr. after an 
oral dose. It is possible that magnesium oxide or hydroxide in- 
creases the absorption of dicumarol by a combination of factors: (a) 
increasing the pH of the microenvironment of the drug in the GI 
tract, thereby increasing the solubility and perhaps the dissolution 
rate; and (b )  causing the formation of a dicumarol-magnesium 
chelate which is more readily absorbed. Administration of mag- 
nesium hydroxide 30 min. after a dose of dicumarol significantly 
increased plasma levels of the drug in dogs (unpublished observa- 
tions). These results suggest that chelate formation may take place 
in the GI tract. 


It is not known whether the chelate is absorbed as such or whether 
it releases dicumarol for absorptian. The physical characteristics of 
the magnesium chelate that may explain how it increases plasma 


levels of dicumarol will be reported separately. Magnesium stearate 
did not increase the absorption of dicumarol. This material may be 
so insoluble in the GI fluids that magnesium was not available for 
chelate formation. 


It can be speculated that the interactions between drug and excip 
ient, which were observed in this study to alter the absorption of the 
therapeutic agent, could account for differences in drug bioavail- 
ability from v e o u s  commercial formulations. The processes in- 
volved in tableting may even increase these interactions. Further 
experimentation is necessary, however, to determine whether the 
actual physical interactions involved are between drug and excip 
ient or between the excipient and the biological system involved in 
the absorption of drugs. 


Several reviews of drug interactions state that the concurrent ad- 
ministration of antacids reduces the absorption of weakly acidic cou- 
marin anticoagulants (15, 16). The results reported here show that 
the antacid magnesium hydroxide can increase the absorption of di- 
cumarol. Concurrent administration of milk of magnesia with 
dicumarol increased plasma levels of the anticoagulant in two dogs 
(unpublished observations). As a result of this study in dogs, the 
effects of cancurrent administration with antacids on the absorption 
of dicumarol in man are being investigated. 
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Table III-Repellent Evaluations on Cloth 


Rate of 


tion on 
Cloth, ---+it Indicated Hour- 


Appllca- 
Number of Bites Obtained 


Compound mg./cm.* 0 24 96 144  192 


1 .o 0 0 0  1 
1 .o 30 - 2 
1 .o 35 - 3 


4 1 .o 25 - 
- 
- - 


Dimethyl 1 .o 0 0 10 
phthalate 0 . 5  0 20 - 


0.25 2 10 - 
N,N-Diethyl- 0.25 0 10 - 


m-tolu- 0.125 0 25 - 
amide 
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Comparison of Theoretical Equations for 
Potential Energy of Electrostatic Repulsion of 
Colloidal Particles at Constant Surface Charge 


N. F. H. HO', H. TOGUCHI, and W. I. HIGUCHI 


Abstrclct 0 Recently, derived and relatively simple expressions for 
the energy of electrostatic repulsion between flat plates and spheres 
at constant surface charge were compared with the more rigorous 
expressions of Jones and Levine and of Miiller. They are quantita- 
tive of the electrostatic barrier to  the collision of colloidal particles 
in electrolyte solutions within the limitation of small surface 
potentials, $0 < 25 mv. They are also useful in the general approxi- 
mation of colloidal stability of most practical systems, despite the 
limitations on the validity of the expression at  higher surface 
potentials. 


Ke-yphreses IJ Colloidal particles, potential energy of electrostatic 
repulsion, at constant surface charge-cornparison and discussion 
of simple and complex equations IJ Surface potential-cornparison 
of equations for the potential energy of electrostatic repulsion of 
colloidal particles 0 Electrostatic bamec-discussion of several 
equations for determining potential energy of electrostatic repulsion 
of colloidal particles at constant surface charge 


In those dispersed systems in which the primary 
barrier to flocculation is electrical, the classical theory 
of the repulsive interaction of overlapping electrical 
double layers between two particles combined with the 
attractive interaction due to dispersion forces is used. 
Moreover, the usual model employed for the repulsive 
energy requires that the surface potential remains con- 
stant during the collision of particles, although the 


model of constant surface charge, in which case the 
surface potential increases during the encounter, is 
applicable in most dispersed systems (1). 


Frens et al. (2, 3) showed that the collision of silver 
iodide colloidal particles in aqueous electrolyte solu- 
tions was more appropriately explained by the constant 
surface charge condition. They employed the exact 
solution of the Poisson-Boltzmann equation in the 
form of elliptical integrals. Recently, while examining 
the question of the surface potential or charge re- 
maining constant during the mutual approach of par- 
ticles, Jones and Levine (4) derived approximate ex- 
pressions in series form and compared their equations 


Table I-Comparison of the Potential Energy of Electrostatic 
Repulsion Calculated from Various Equations for the Constant 
Surface Charge Model at Various Interplate Distances 


Jones Jones 
Miiller and Equation Miiller and Equation 


Z ~ O  (5) Levine(4) 1 (5) Levine(4) 1 


0 . 5  0.0330 0.0302 0.0364 0.0095 0.0094 0.0098 
1.0 0.1108 0.1087 0.1455 0.0347 0.0347 0.0391 
2 . 0  0.3219 0.3213 0.5820 0.1106 0.1099 0.1565 
4 . 0  0.8087 0.8567 2.3280 0.2765 0.2651 0.6261 
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under the conditions of constant plate potential and 
charge. Likewise, Muller ( 5 )  analyzed exact equations 
expressed in elliptical integral form. In this paper, 
some rather simple, approximate equations, previously 
reported (6), for the potential energy of electrostatic 
repulsion of colloidal particles at constant surface 
charge are compared with those equations of Jones 
and Levine and of Muller. Also included is a brief dis- 
cussion of the equations for the constant potential case. 


COMPARISON OF THEORETICAL EQUATIONS 


Recently (6). simple expressions for the case of constant surface 
charge were derived based on the linear approximations of the 
Poisson-Boltzmann equation, the free energy of the single electrical 
double layer, and the region of overlapping double layers. For flat 
plates, the potential energy is: 


and for equal spheres: 


UO const. (KU>>l: $0<<25 mv.) 


where 90 = e*o/kT, e is the electronic charge, Z is the valence, $o 
is the surface potential, k is the Boltzmann constant, Tis the absolute 
temperature, n is the total number of ions per milliliter, K is the 
Debye-Huckel reciprocal length parameter, c is the dielectric con- 
stant of the medium, a is the radius, do is the surface charge, d is 
the middistance between the plates, and H is the closest distance 
between the spheres. Equations 1 and 2 are analogous to the class- 
icaI expressions for the constant surface potential case; i.e., for 
flat plates : 


and for spheres: 


ca$02 
2 V g  = -- In(1 + e - r H )  (Eq. 4) 


$0 const. (~a>>l; $0<<25 mv.) 


Upon comparing these expressions for flat plates or spheres, one 
observes that the coefficients of the interparticle distance function 
are identical. In both the constant surface potential and constant 
surface charge models, the $0 is the surface potential of a single 
particle. However, in the later model the increase in the surface PO- 
tential as two particles approach each other is implicitly accounted 
for by the distance functions. Furthermore, it is the distance func- 
tion that characterizes the essential differences of the two models. 
It is well known that Eqs. 3 and 4 are poorer approximations of the 
energetics of electrostatic repulsion when $oz 25 mv. at room tem- 
perature. However, the simplicity of these equations lends itself to 
rapid qualitative interpretation and semiquantitative estimation of 
the barrier to the collision of colloidal particles, and herein lies the 
reason for their wide usage. In this respect, Eqs. 1 and 2 for the 
constant surface charge model are also useful approximations for 
most practical systems. 


The approach of Jones and Levine (4) is more rigorous. Their ex- 
pressions are shown here. For flat plates a t  constant surface po- 
tential: 


VR = 64nkT tanh' (Zq0/4) . exp (-m . 
(1 - C,h tanh' (Zq0/4) exp ( - M I  (Eq. 5)  


$0 COnSt. (Kd>0.5; 27054)  


and for spheres: 


For the flat plates and spheres of the constant surface charge case, 
the function C+, in Eqs. 5 and 6 is replaced by C,, where: 


(Eq. 7) 


Figure 1 shows the potential energy-interpltlte distance profiles 
at constant surface charge and potential according to Eqs. 1, 3,  5, 
7, and 8 at various 00 values. Mullers' (5 )  Eqs. 2.8 and 1.8 for the 
constant $0 case and Eqs. 3.10 and 3.11 for the constant uo case 
were also used. When comparing the curves according to Eqs. 1 
and 3, it is observed that the electrostatic repulsion between par- 
ticles is always greater for the constant uo condition than that at 
constant $0. In contrast, the profiles of Jones and Levine (4) and 
MWer ( 5 )  indicate that there are differences in the repulsive energy 
between the two conditions at small plate potentials; however. 
when 2 q 0  1 4, the two models are essentially indistinguishable in 
the region of importance to colloidal stability, i.e., 1 5 L d  5 2. 
Furthermore, the results of the equations by Jones and Levine are 
in good agreement with those of Miiller at 2xd > 1 .  It is readily ob- 
served that Eq. 1 is an increasingly poor approximation of the more 
rigorous expressions at constant uo for 2 9 0  > 1. A comparison of 
the repulsive energy calculated from the various equations for the 
constant u0 model at various interplate distances is shown in Table 
I. Although calculations were not made for spherical particles, the 
discussion of the results would be analogous to those made for flat 
plates. 


CONCLUSION 


Relatively simple expressions for the energy of electrostatic repul- 
sion between flat plates (Eq. 1) and spheres (Eq. 2)  at constant sur- 
face charge have been compared with the more rigorous expressions 
of Jones and Levine (4) (Eqs. 3 and 4)  and of Miiller (5). They have 
utility in the rigorous quantitation of the electrical barrier to the 
collision of colloidal particles in electrolyte solutions to surface 
potential conditions of 2 v o  < 1. As a point of reference, for a 1-1 
electrolyte and at room temperature, $0 = 25 mv. when 2 0 0  = 1 
and $0 = 50 mv. when ZVO = 2, m. In the general approximation of 
colloidal stability, Eqs. 1 and 2 may even be extended to surface 
conditions of Zqo = 2. 
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Potentiometric Determination of Overlapping 
Dissociation Cons tan ts 


PAUL J. NIEBERGALL', ROGER L. SCHNAARE, and EDWIN T. SUGITA 


Abstrart 0 The dissociation constants of polyprotic acids can be 
determined potentiometrically by defining a variable, P, as the 
average number of protons dissociated. The proton balance equa- 
tion for the titration of these acids with baseled toageneral expres- 
sion which could be solved graphically or through the use of linear 
regression or nonlinear regression analysis. Experimental data for a 
number of acids and for a series of simulated titration curves were 
analyzed using the three methods. The graphicalsolution was found 
to be applicable in all instances. As the ratio of K I  to K2 for diprotic 
acids increased from 50 to IOOO, the value of KI estimated by the 
use of linear regression became progressively worse and finally 
could not be determined at all. In all instances, the value of K, was 
determined to within a relative error of 0.5%. In all instances in 
which nonlinear regression analysis was used, the values for KI 
were determined to within 0.371, and those for Kz were determined 
to within 0.02:<. This technique requires an initial estimate of each 
constant. These initial estimates are then refined in an iterative 
procedure until satisfactory convergence is obtained. The digital 
computer program used in this work is unique in that initial esti- 
mates are obtained within the computer program itself. The pro- 
gram also determines the total number of dissociable protons. This 
latter property can be extremely useful for compounds with an 
unknown number of acidic sites. 


Keyphrases 0 Polyprotic acids-potentiometric determination of 
overlapping dissociation constants, computer estimation of initial 
constants 0 Dissociation constants, overlapping, of polyprotic 
acids-potentiometric determination, computer estimation of initial 
constants 0 Potentiometry4etermination of overlapping dis- 
sociation constants for polyprotic acids, computer estimation of 
initial constants 0 Computer estimation of initial dissociation 
constants-used in potentiometric determination of overlapping 
dissociation constants for polyprotic acids 


Determination of the thermodynamic dissociation 
constants for polyprotic acids is quite complicated, 
particularly if the ratio of the successive dissociation 
constants is less than 1OOO. One major difficulty is the 
estimation of individual ion activity coefficients ; because 
of this, most of the data appearing in the literature have 
been obtained by extrapolating to infinite dilution the 
dissociation constants obtained in media of known ionic 
strength. This procedure, however, can lead to erroneous 
results for the second and successive dissociation con- 
stants (1). 


Speakman (2) developed an equation which permitted 
a simple graphical solution for the thermodynamic 
dissociation constants of diprotic acids and which 
obviated the need for extrapolation to infinite dilution. 
It was suggested (2) that the equation would be useful 
for triprotic and higher order acids if conditions could 
be chosen such that only two successive dissociation 
constants would be operative at one time. In many 
instances, this is not possible. For example, the ratios 
of K1/K2 and K21Ka for citric acid were both shown to 
be approximately 44 at 25" (3). Other investigators 
(3-5) developed a general procedure based upon electro- 
motive force measurements in cells without liquid junc- 


tions. This method yields results with a high degree of 
accuracy and precision, but it does require the prepara- 
tion of a relatively large number of precisely made 
buffer solutions. 


Litchinsky et al. (1) extended the method of Speak- 
man to cover any polyprotic acid, regardless of whether 
successive dissociation constants overlap. This method, 
although it obviates the need for preparing a large 
number of precisely made buffer solutions, requires the 
use of a digital computer. It is apparent, however, that 
these methods (1, 3-5) are the methods of choice for 
determining the thermodynamic dissociation constants 
of polyprotic acids. 


However, in  many instances, thermodynamic dis- 
sociation constants must be corrected for both ionic 
strength and temperature before they can be utilized. 
Due to the uncertainties in these corrections, many 
investigators prefer to obtain either an apparent (K') 
or a concentration-based (KJ  dissociation constant for 
an acid under the exact conditions of their study. Nu- 
merous methods are available for the potentiometric 
determination of dissociation constants for monoprotic 
acids and for polyprotic acids whose dissociation con- 
stants do not overlap (6, 7). Perhaps the most widely 
used method for determining practical dissociation 
constants for polyprotic acids is that of Parke and 
Davis (8). This method, however, was subjected to a 
critical evaluation by Garrett (9), who found that it had 
little advantage over the half-neutralization method for 
acids whose pKa values ranged from 4 to 10. The pur- 
pose of this article is to report the authors' experiences 
with a general method for the determination of either 
K' or K ,  values for polyprotic acids with overlapping 
dissociation constants. 


EXPERIMENTAL 


Reagents-The following were used: succinic acid', citric acid', 
glycine hydrochloride8 (m.p. 182"), potassium chloride (reagent 
grade), and carbonate-free potassium hydroxide (0.0997 N). 


Equipmen-The acids were titrated using a I-ml. microburet' 
calibrated to 0.0002 ml. The pH measurements were made with a 
digital readout pH meter' standardized against 0.05 M potassium 
hydrogen phthalate (pH 4.01) and 0.1 M borate (pH 9.00). 


Method-Dilute solutions of the acids to be titrated (about 1 .00 
X lo-' M) were made in distilled, deionized water which had been 
degassed by boiling for M min. Sixty milliliters of the solutions, ad- 
justed to an ionic strength of0.l with potassium chloride, was placed 
in a thermostated vessel (30 f O.OS"), and nitrogen was bubbled 
through the solution. Small increments of base were added, and the 
pH was noted after each addition. 


1 Certified 99.9 %. Fisher Scientific Co. * Reagent grade, J. T. Baker Chemical Co. 
3 Nutritional Biochemical Co. 
4 Manostat Digi-Pet. 


Orion model 801. 
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Figure 1-Plot of P versus pH for succinic acid. 


THEORETICAL 


The dissociation constants for a polyprotic acid, H.A, in which n 
represents the total number of dissociable protons, can be deter- 
mined potentiometrically by defining a variable P as the average 
number of protons dissociated or: 


in which j is the number of protons dissociated and C. is the stoi- 
chiometric concentration of acid. 


The proton balance equation for the acid when titrated with base is: 
n 


j= 1 
B + [HaO+] = [OH-] + CAH.-jA-i] (Q. 2) 


or : 
n 


j-1 
Z = C ~THn-jA-il = B + [HsO+] - [OH-] (Eq. 3) 


in which B is the total concentration of base added. Inserting Eq. 3 
into Eq. 1 gives: 


P = ZlC. (Q. 4) 


which enables the experimental value for P to be determined at each 
data point. The concentration of all species derived from the acid, 
H A ,  as given by Eq. 1, can be defined solely in terms of hydronium- 
ion concentration and dissociation constants, using the method de- 
scribed by Niebergall(10). to give: 


3.c 


2.5 


2.0 


4. 


1.5 


1.0 


0.5 


3.0 4.0 5.0 6.0 7.0 
PH 


Figure 2-Plot of P versus p H  for citric acid. 


in which K ,  represents the. acid dissociation constants. 
In the case of a diprotic acid, Eq. 5 h o m e s :  


which can be rearranged to: 


which can be analyzed using the usual methods of linear regression 
analysis. Equation 7 is equivalent to  the linear equation used by 
Speakman (2), with the ordinate and abscissa values being the same 
for both. One advantage of using the variable P rather than the 
variables given by Speakman is that rather good approximate 
values for the dissociation constants can be obtained from a plot of 
P Dersus pH, in a manner similar to the Bjerrum ( I  1) half il method 
for obtaining association constants. The value of pKj is equal to the 
pH at which P = j - 0.5. 


Equation 5 can be analyzed directly using the techniques of non- 
linear regression analysis. The general method and digital computer 
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Figure 3-Plot of P versus pH for glycine hydrochloride. 
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Table I-pK Values Obtained at 30" and Ionic Strength 0.1 


Constant P Plots Es. 7 Eq. 5 Literature 


Citric Acid 
2.95 - 3.023 2.993 - 4.395 4.386 


- 5.750 5.791 
4.38 
5.78 


sucdnic Add 
3.87 3.952 3.956 3.953 


PKl 5.19 5.116 5.117 5.151 
Glydne Hydrochloride 


PK1 
PKZ 
PKa 


PKl 


PKI 2.50 2.131 2.512 2.432 
PK2 9.55 5.192 9.558 9.532 


a Corrected to ionic strength 0.1. L. G. Sillen and A. E. Martell. 
"Stability Constants," Metcalfe and Cooper, Ltd., London, En land, 
1964. * Deemed not significantly different from zero at the 95% con- 
fidence level using the f test. 


program utilized to analyze the data presented in this report were 
given in detail by Niebergall et at. (12). Briefly, the method consists 
of taking the partial derivatives of Eq. 5 with respect to each dis- 
sociation constant and evaluating each derivative at each data point, 
using the experimental variables P and [H,O+] and initial estimates 
for each constant. Summing these calculated values in the manner 
described ( I  2) yields a set of normal equations which can be solved to 
give correction vectors for each constant. The initial estimates are 
corrected and the process is repeated until two sets of constants 
agree to within a specified degree. 


RESULTS AND DISCUSSION 


Plots of P versus pH are shown in Figs. I ,  2, and 3 for succinic 
acid, citric acid, and glycine hydrochloride, respectively. A plot of 
Eq. 7 using the data for succinic acid is shown in Fig. 4. The dis- 
sociation constants obtained using the P plots, Eq. 7, and nonlinear 
regression analysis of Eq. 5 are given in Table 1. In general, there 
was good agreement between the methods, and the experimentally 
determined constants were in good agreement with literature val- 
ues. The value for K2 of glycine hydrochloride obtained using Eq. 7, 
however, was not significantly different from zero at the 95% con- 
fidence level when analyzed using the t test, and it was markedly 
different from the literature value. 


To determine whether the problem was with the data or with the 
analysis of the data and to give a further test for the applicability of 
Eqs. 5 and 7, the authors decided to simulate titration curves for a 
number of hypothetical diprotic acids in which Kl was equal to 
3.00 X and K2 was varied to give K1/K? ratios ranging from 50 
to 1OOO. This was done by combining Eqs. 3,4, and 6 to give: 


B + [HsO+] - (Kw![HsO+])  = 


in which K .  is the ion product of water. The Newton-Raphson 
method of successive approximations and the digital computer 
program described by Niebergall(13) were used to solve for [HSO+] 
after each hypothetical addition of a small quantity of base. The 


Table II-Effect of the Ratio of K1/Kx upon the Suitability of 
Eq. 7 for Determining KI and K Z  


Percentage Difference between Theoretical 
-----and Calculated- 


Ratio of KJKt KI Kt 


50 0 37 1 17 
100 
1 RO _ _ -  
250 
300 


0.30 
0.20 
0.37 
0.23 


- ._ .  
6.07 
8.80 
14.25 
15.68 


500 0.27 27.95 
1000 0.40 61.730 


0 The value for KZ was found to be not significantly different from 
zero at the 95 % confidence level using the r test. 
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Figure 4-PIot of Eq. 7,  using data obtainedjor succinic acid. 


actual concentration of base after each increment was obtained 
from: 


(Eq. 9) 
(milliliters base) (normality) 


Vol + (milliliters base) B =  


in which Vol represents the initial volume of the solution before any 
base had been added. The term C. was corrected for volume changes 
during titration (although these were less than 273 by: 


0%. 10) (initial concentration of acid) (Vol) 
Vol + (milliliters base) c. = 


The utilization of Eqs. 8-10 would give unambiguous data for the 
titration curves, since no assumptions were made (except for the use 
of concentrations in the place of activities) and all possible equilibria 
in solution were considered. Thus, any discrepancy between the 
constants used to build the simulated titration curves and those 
obtained by analyzing the data using Eq. 5 or 7 would have to be 
due to the method of analysis. A small amount of scatter, represent- 
ing an accuracy of d~0.005 pH unit, was built into the data through 
the use of a random numbers table. This scatter should result in the 
dissociation constants being determined to within 0.5% of their 
true values. Data were generated for 60 ml. of a 0.01 M solution of 
acid being titrated with 0.1-ml. increments of 0.205 N base at 30". 
The data were analyzed using Eq. 7 (Table 11). The values for Kl 
were determined and agreed well with the theoretical values. The 
values for K2, however, became progressively worse as the ratio of 
K l / K z  increased, which was rather surprising. When the ratio reached 
1O00, the value for Kz was determined to be not significantly differ- 
ent from zero at the 95% confidence level, using the t test. Thus, the 
failure to determine K2 for glycine hydrochloride, in which the 
ratio of K 1 / b  is approximately lo7, using the linear plotting tech- 
nique was due to the technique itself and not to any lack of reliabil- 
ity within the data. 


The fact that the estimates of K ,  became progressively worse as 
the ratio of Kl/K2 increased appears to be due to the fact that the 


Table 111-Effect of the Ratio of Kl/Kz upon the Suitability of 
Eq. 6 for Determining KI and KX 


~~ ~~~ ~ 


Percentage Difference between Theoretical 
-and Calculated- 


Ratio of K I / K ~  Kl Kz 


50 
100 
180 
250 
300 
500 


1000 


0.20 
0.27 
0.21 
0.20 
0. I9 
0.27 
0.24 


0.02 
0.03 
0.05 
0.04 
0.03 
0.08 
0.07 
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intercepts, as defined by Eq. 7, became progressively smaller as 
compared to the ordinate values as this ratio increased. Since excel- 
lent linearity was observed in all instances when the data were 
plotted according to Eq. 7, the experimenter has little basis for 
deciding whether the values of Kz obtained in this manner are valid. 
He can be sure of this only when the ratio of Kl/K2 approaches 50 or 
less, and he can be certain that the results are not valid only when 
K, /K2  approaches loo0 and the t test shows Kz to be not significantly 
different from zero. Thus it would appear, based on this study, that 
the use of linear equations equivalent to Eq. 7 should be avoided if 
reliable estimates of the value of K2 for diprotic acids are to be ob- 
tained. 


The same data were analyzed using Eq. 6 and the techniques of 
nonlinear regression analysis (Table Ill). In all instances, the agree- 
ment between the actual and calculated values for the dissociation 
constants was excellent. Although the emphasis in this report is 
directed toward the determination of overlapping dissociation 
constants for di- and triprotic acids, Eq. 5 is perfectly general and 
can be used for monoprotic acids as well‘, and n is not limited to a 
maximum of three. 


Since plots of P cersus pH also gave reasonable results for all of 
the systems studied, including the simulated titration data, it would 
appear that either these P plots or nonlinear regression analysis 
should be used for obtaining overlapping dissociation constants 
for polyprotic acids. 


DIGITAL COMPUTER PROGRAM? 


The utilization of nonlinear regression analysis requires an initial 
estimate for each dissociation constant which, in this instance, would 
ordinarily be obtained from plots of P versus pH. However, this 


6 The dissociation constants for a large number of monoprotic acids 
were evaluated using the Benet and Goyan (6) linear equation: 


I[HaO ‘I 
2 - C a - 7  


in which the symbols have the meanings as given in this paper, and the 
following version of Eq. 5 :  


[H 10 “1 
[H10+1 + K P =  


In all instances, the sum of squares of residuals (SS) between the ex- 
perimental and calculated values of P were reduced by at least 9 5 9  
when the nonlinear regression analysis was used. For example, the Sd 
for sulfisornidinedecreased from 3.21 X 10-9  to 0.17 X 10-9, and the SS 
for sulfacetarnide decreased from 46.0 X )O-B to 0.04 X ,IO-O. 


7 A copy of.the program, along with its documentation. can be ob- 
tained by writing the authors. 


program is written in such a manner that if care is taken to obtain a 
number of data points around the addition of 0.5. 1.5, and 2.5 moles 
of base/mole of acid, good initial estimates will be obtained auto- 
matically from the input data as the program is run. The only neces- 
sary input data are the stoichiometric concentration and volume of 
acid, the ion product of water, the normality of the titrant, and the 
experimental values of pH and volume of base added. In the process 
of obtaining its own initial estimates from the raw input data, the 
program also determines the total number of dissociable protons 
for the acid. Thus, it would be extremely valuable for obtaining dis- 
sociation constants for an acid with an unknown number of dis- 
sociable protons. 
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BOOKS 


REVIEWS 


USAN 10 and the USP Dictionary of Drug Names. Published for the 
USAN Council by the U. S. Pharmacopeial Convention, Inc., 
Rockville, MD 20852, 1972. xii + 200 pp. 50 X 60 cm. Rice 
$15.00. 
If tht USP officials had resisted the temptation to project a bit of 


chauvinism in their new title to this publication, it would be hard to 
fault the new edition. Indeed, it has much more information, pre- 
sented in a larger and more convenient page size. than ever before. 
Moreover, the thought and editorial care devoted to organizing and 
providing a considerable amount of diverse factual information in 
aconcise yet readilycomprehensible format areimmediately apparent 
to the reader. 


There also is every reason to expect that the accuracy of the tech- 
nical content will merit the reader’s confidence. Although we are 
aware that past USAN booklets published by the USPC have taken 
certain liberties with the”official” USAN lists as they haw emanated 
from the USAN office, the extent of such editorial license in the 
present volume can only be assessed after considerable use. and close 
review. Furthermore, the matter of compiling completely accurate 
information *of this nature in a uniform format presents so many 
difficulties and complications that few if any other drug name dic- 
tionaries could even approach the apparent completeness and re- 
liability of this Current volume 


Moreover, there are other good features which add to the general 
usefulness of the volume. For example, we were pleased to note that 
a listing of pertinent Chemical Abstracts Service Registry Numbers 
is included for the first time, and that the Molecular Formula cross- 
listhg to corresponding USAN names has been reinstated after a 
brief absence. This latter feature-which comprises Appendix II- 
provides the only means of locating a name for a compound when 
structure, formula, or composition is known rather than the reverse 
situation (i.e., having a USAN or other coined drug name which 
one wishes to identify further). 
So much for the generally fine content of the compilation. Let us 


now return to our opening comment concerning the overly promi- 
nent mention of one of the cosponsoring organizations in what is 
essentially the collaborative work of three organizations plus the 
Food and Drug Administration. The USAN program has indeed 
been a success. On its fifth anniversary we saluted the project with 
our editorial “Drug Names-A Semblence of Order” which ap- 
peared in the June 1966 issue of this Journal. Undoubtedly, much of 
the reason for the success has been due to two factors: (a) the sub- 
merging of individual sponsor identification in the interest of the 
mitied joint effort and (b) the excellent administration and guidance 
of the operation by the USAN office staff. 


The present volume’s title obviously flies in the face of the unity 
theme. In searching for an explanation, we perused the Foreword to 
the book, and noted the proud boast that: “Unanimous approval 
of the new format was expressed by members of the USAN 
Council.” However, we learned that, through a purpqrted USPC 
oversight, the USAN Council members were neither informed 
nor polled concerning the change in title of the publication! 


In the Foreward we also noted the justly deserved accolades ac- 
corded two of the charter members of the USAN Council. But what 
does the Foreword say about the real workhorse, Dr. Joseph B. 
Jerome, who has been the full-time USAN Council Secretary and 
director of the program since its inception in 1961 ? In a word, 
nothing. This silence is strange and puzzling. Unless it was a careless 
oversight on the part of the USP Executive Director, this silence 
reflects either a naive understanding of the complex USAN opera- 
tion and the critical contribution made by the USAN Secretary and 
his staff or, even more disturbing, it suggests a purposeful tipping 
of the scales in some self-serving, status-seeking effort. 


Staff Review W 


Pbannacognosy, loth Edition. By G. E. TREASE and W. C. EVANS. 
Williams & Wilkins, Baltimore, MD 21202, 1971. viii + 795 pp. 
14.5 X 23 cm. Price $23.00. 


This pharmacognosy text is an improved revision of the previous 
edition. Although the format and intended readership have not been 
altered, certain chapters and parts have been rearranged to give 
better continuity in the presentation of the subjects. 


The book is divided into nine parts with the parts concerning the 
introduction to pharmacognosy , plant morphology, plant taxon- 
omy, plant cultivation, and microscopic techniques remaining es- 
sentially unchanged. The general discussions on phytochemistry are 
augmented by the addition of brief accounts on cytostatic agents, 
hallucinogens, allergens, and insecticides; the text is strengthened by 
the updated revision of the biosynthesis of secondary metabolites, 
the addition of a concise discussion on the difficult subject of chemo- 
taxonomy, and the inclusion of the phytochemical Appendix listing 
selected Chemical Abs/rac/s citations from January 1966 to Decem- 
ber 1970. 


The most objectionable portions of the text to this reviewer are 
the parts dealing with the individual drugs, which remained funda- 
mentally descriptive. In areas of the world where crude drugs are 
still used extensively, this book can be a very valuable text. In the 
United States. however, the phytochemical and biological aspects of 
natural drugs are more important since our pharmaceutical practices 
involve minimal contact with crude drugs. The value of this text is, 
therefore, limited in the United States. It  should be noted, however, 
that the authors have added some phytochemical data to discussions 
concerning certain of the plant families. Unfortunately, the authors 
did not attempt any correlation of chemical data with the biological 
effects of the drug plant constituents within these taxa. Another 
disturbing feature of this text is the need of the reader to make fre- 
quent cross-references between the families and drugs in Part 7 and 
the appropriate chapters in other parts of the book for chemical 
structure and other data, which renders the book less than ideal as a 
text for students. 


Although this reviewer does not recommend this book as a student 
text, he does recornmend its addition to college of pharmacy li- 
braries. 


Reoiewed by Harry H. S. Fong 
University of Illinois 


Chicago, IL 60680 W 
ar rhe Medical Center 


k m  BiostntistiCt3. An Introduction to Statistics With A p p h -  
tiom in Biology and Medicine. By D. COLQUHOUN. Clarendon 
Press (Oxford University), 16-00 Pollitt Drive, Fair Lawn, NJ 
07410, 1971. xviii + 425 pp. 15.5 x 23 cm. Price 511.50 paper- 
back; f17.75 cloth bound. 
“Most people need all thehelp they can get topreventthem making 


fools of themselves by claiming that their favorite theory is sub- 
stantiated by observations which do nothing of the sort.” The 
author’s thesis is that most statistical treatment of experimental data 
is carried out with little thought, if any, being given to the validity of 
assumptions concerning the distribution of the observations which 
underlie parametric tests, and that a more “critical way of thinking 
about experimentation” is urgently needed when measuring “ab- 
stract quantities such as pain, intelligence and purity in heart.” 


The book has 14 chapters, two appendixes, and an eight-page 
index. h i d e  the back cover is a quick guide to significance tests 
applicable to various types of measurements, e.g., classification, 
ranked, or numerical. An index of symbols in the beginning of the 
book covers four pages and is quite complete if somewhat lengthy. 
The author includes here notation not familiar to this reviewer, 
e.g., script Roman letters for population and parameter estimates. 
On the other hand, the more familiar e (epsilon), designating raib 
dom error, and p (rho) for the population correlation coefficient are 
not used. 


Chapters 1-4 covering basic statistical concepts. fundamental 
operations, and theoretical distributions are quite conventional. 


Chapters 6-11 deal with significance tests, confidence limits, 
classification measurements, numerical and rank measurements, and 
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Compatibility of 14C-Labeled Phenylephrine Hydrochloride in 
Polyethylene Nasal Spray Containers 


ARNOLD KARIG*, GARNET E. PECK', and GLEN J. SPERANDIO 


Abstract 0 The interaction of phenylephrine hydrochloride with 
low density polyethylene containers was investigated using W- 
labeled phenylephrine hydrochloride. In the first part of the study, 
nasal spray bottles with and without dip tubes containing 0.25 
and 0.5 14C-phenylephrine hydrochloride were evaluated at 
temperatures of 7, 22,40, and 50". No losses of 14C-phenylephrine 
hydrochloride were observed. Units stored at 40 and SO" showed 
apparent increases in concentration of the lC-phenylephrine hy- 
drochloride. This reflected the loss of water from these units, the 
loss being confirmed by gravimetric data. This demonstrated a 
technique for the observation of solvent loss by means of a radio- 
isotopic method. In the second part of the study, the influence of 
two preservatives, benzalkonium chloride (1 :5OOO) and thirnerosal 
(1 : 5OOO) on the phenylephrine hydrochloribpolyethylene con- 
tainer interaction was investigated. The data indicated apparent 
binding of phenylephrine hydrochloride to  low density polyethyl- 
ene by means of a preservative agent. Interaction was most signif- 
icant a t  room temperature, with elevated temperature disrupting 
the apparent weak binding. 
Keyphrases 0 Phe-nylephrine hydrochloride, 14C-labeled-inter- 
action with low density polyethylene nasal spray containers, ef- 
fect of preservatives 0 Polyethylene nasal spray containers- 
interaction with 1*Gphenylephrine hydrochloride, effect of pre- 
servatives 0 Drug-plastic intera~tions-~~C-phenylephrine hy- 
drochloride and polyethylene nasal spray containers 0 Nasal 
spray containers, polyethylene-interaction with 1C-phenylephrine 
hydrochloride, effect of preservatives 0 Preservatives, benzalkonium 
chloride and thime.rosal--effect on binding of phenylephrine hy- 
drochloride to polyethylene containers 0 Plastic (polyethylene) 
nasal spray containers-interaction with phenylephrine hydro- 
chloride, effect of preservatives 0 Liquid scintillation spectrom- 
etry-used to study interaction of W-phenylephrine hydrochloride 
with polyethylene 


Many different products are packaged in plastics 
today. Among the first to recognize the versatility and 
practicality of plastics for packaging were the cosmetic 
and pharmaceutical manufacturers. The use of plastic 
containers in the pharmaceutical and cosmetic industry 
has multiplied rapidly to include a wide range of prod- 
ucts. The plastic most frequently used in the manu- 
facture of molded pharmaceutical and cosmetic con- 
tainers is polyethylene. 


Despite the widespread and increasing use of poly- 


Table I-Sample Grouping, Part A 


ethylene containers to package drug and cosmetic 
preparations, limited information is available in the 
Literature as to the compatibility of medicinal agents and 
solutions with polyethylene containers. One potential 
problem is that solutions of a drug in contact with a 
plastic can lead to sorption of the drug by the plastic, 
resulting in a significant loss of potency. Another major 
consideration encountered with polyethylene is that it is 
permeable in varying degrees to liquids, gases, and 
volatile substances. 


Marcus et al. (1) and Kim and Autian (2) studied the 
sorption of certain bacteriostatic agents and several 
weak organic acids by polyethylene syringes. Using 
conventional analytical techniques, they determined that 
no sorption had occurred after 1 week of storage at 5, 
30, and 50'. Neuwald and Schmitzek (3) found that 
preservative solutions stored in low and high density 
polyethylene containers showed no apparent reduction 
in preservative concentration resulting from sorption 
into plastics. Schoenwald and Belcastro (4) demon- 
strated the sorption of chlorobutanol by polyethylene 
strips stored in "C-labeled chlorobutanol solution. At 
present, there appears t o  be no satisfactory general 
method for predicting which plastic material should be 
used for one drug or another. 


Parliman (5-7) was one of the first to study perme- 
ability of polyethylene with regard to containers. He 
developed an empirical method of determining the 
transmission rates of certain liquids through poly- 
ethylene. More recently, Salame and Pinsky (8) de- 
veloped the Permachor method for estimating the 
permeabiiities of organic liquids in polyethylene. One 
reason why permeation data often do not agree is that 
the particular plastic material influences the permeation 
rate, so great variations can occur in plastics even when 
manufactured under the same generic name (9). 


One popular treatment employed for the symptom- 
atic relief of nasal congestion is the administration of 
sympathomimetic-containing nasal solutions from poly- 
ethylene squeeze bottles. Phenylephrine hydrochloride is 


'km ---0.25 Z W-Phenylephrine Hydrochloride Solution- 4 . 5  W-Phenylephrine Hydrochloride Solution-- 
per- Group.1 Group 2 Group 3 Group 4 


ature Units with Dip Tubes Units without Dip Tubes Units with Dip Tubes Units without Dip Tubes 


7" Subgroup A Units: 1-5 Subgroup A Units: 6-10 Subgroup A Units: 4145  Subgroup A Units: 46-50 
101-105 106-1 10 141-145 146-150 


22" Subgroup B Units: 11-15 Subgroup B Units: 16-20 Subgroup B Units: 51-55 Subgroup B Units: 56-60 


40' Subgroup C Units: 21-25 Subgroup C Units: 26-30 Subgroup C Units: 61-65 Subgroup C Units: 66-70 
11 1-115 116-120 151-155 156-160 


121-125 126-130 161-165 166-170 
50" Subgroup D Units: 31-35 Subgroup D Units: 36-40 Subgroup D Units: 71-75 Subgroup D Units: 76-80 


131-135 136-140 171-175 176180 
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T.Me II--Sample Groupings, Part B 
~~ 


- 4 . 2 5  % W-Phenyle hrine Hydrochloride Solution- 4 . 5  % 1C-Phenylephrine Hydrochloride Solution- 
B e n d o n i u m  chlorite Th imerd  Benzalkonium Chloride Thimerosal 


Temperature (1 :moo) (1:5OOO) (1 :moo) (1 :moo) 
7" Units 1-5 Units 101-105 Units 4 1 4 5  units 141-145 


22" Units 6-10 Units 106-110 units 46-50 Units 146-150 
40" Units 11-15 Units 111-115 Units 51-55 Units 151-155 
50" Units 16-20 Units 116-120 Units 56-60 Units 156-160 


T W  III-Mean Disintegrations per Minute (d.p.m.) for 0.25 % W-Phenylephrine Hydrochloride 
Solution, Part A 


M- d.p.m. Mean d.p.m. Meim d.p.m. Mean d m. Mean d.p.m. Mean d. .m Mean d.p.m. Mean d rn 
Units 1-5, Units 6-10, Units 11-15, Units l & O ,  Units 21-25, Units 2830, Units 31-35, Units 3&, 


Weeks 7", DTo 7",NDP 22",DT 22",NDT 40",DT 40".NDT u)",DT 50",NDT 


0 19.963 19.963 19.963 19.963 19.963 19.963 19.963 19.963 
0.28 #):135 20:079 i9i729 19I857 191876 20302 20i079 Pi315 
0.57 19,958 20,059 20,036 19,893 20,136 19.842 20,295 20,215 


20,038 20,372 20,157 
19.926 20.083 20.337 


1 . 1  19,762 20,125 20,027 19,991 20,090 
2 . 0  20.020 20.132 19.871 19.976 20.073 
3.0 19;773 19;871 19;935 19;945 20;032 20;258 20; 353 20; 522 
4.0 19.696 19.997 20.054 19.929 20.307 20.044 20.621 20.730 
6 .0  %I085 20 ; 245 #);015 i9;902 %; 185 3; 168 20;7ii 21:090 


21,473 
22,329 


- 20,354 20,703 21,848 23,785 - - - - 20,395 20,456 21,983 23, &03 


20,277 200,609 
20,330 21,339 


20,002 20,289 
19,981 20,387 E?E 8 .O 20,065 19,807 


10.0 19,932 20,018 
16.0 
20.0 


- - - 
~~ 


O DT = dip tube. * NDT = no dip tube. 


perhaps the most widely employed agent for this 
purpose, being the main ingredient in a large number of 
commercial products available for over-the-counter as 
well as prescription sales. 


The intent of this investigation was to study the 
behavior of phenylephrine hydrochloride in the com- 
plete polyethylene spray bottle unit as it is sold to the 
consumer. Internal liquid scintillation spectrometry was 
employed for studying pheaylephrine hydrochloride 
concentrations throughout the study because it is more 
sensitive to minute changes in concentration than are 
traditional assay methods. 


While previous studies of drug-plastic interactions 
have been concerned with single-component systems, the 
use of internal liquid scintillation spectrometry per- 
mitted the study of a multicomponent system. One 
reason for not studying a multicomponent system by 
traditional methods is that the method of analysis can 
become quite complex. The ITC-phenylephrine hydro- 
chloride could be studied in the presence of various 
unlabeled components to see what effect they might have 
on its interaction with the polyethylene. 


EXPEIUMENTAL 


Polyethylene spraying bottles were used throughout the study'. 
These bottles were made to contain 15 ml. of liquid and were sup 
plied with dip tube, sprayhead, and screw-on cap. 


The 'Cphenylephrine hydrochloride', with a specific activity of 
6.02mc./mmole, was determined by the manufacturer to havearadio- 
chemical purity greater than 99%. To confirm this value, the upper 
layer of a butanol-acetic acid-water (5 : 1 : 3) solution was used as the 
developing solvent for the paper chromatographic analysis of the 
'4GphenyIephrine hydrochloride. Development of the chromato- 


gram was followed by autoradiography on X-ray film, sectioning of 
the chromatogram, and scintillation counting. A radiochemical 
purity of greater than 98z was indicated. 
Four main groups comprised Part A of the study. Group 1 


contained 0.25 'Cphenylephrhe hydrochloride solution in spray 
containers complete with dip tubes, while Group 2 units had the dip 
tubes removed. Groups 3 and 4 contained 0.5z 1Gphenylephrine 
hydrochloride, with Group 3 spray containers being complete and 
Group 4 containers being without dip tubes. 


Each main group was divided into four subgroups of five spray 
units each. One subgroup was stored at each of the following tem- 
peratures: 7, 22, 40. and 50". Table I depicts the grouping of the 
units. A duplicate set of units was prepared for all four primary 
groups. These duplicate units were prepared to study weight loss and 
to detennine the effects, if any. of repeated sample withdrawals on 
the results obtained with the primary groups. 


In Part B of the study, the efFects of two preservatives, benzal- 
konium chloride (1 : 5ooo) and thimerosal(1: 5OOO), on the behavior 
of the '4Cphenylephrine hydrochloride-polye-thylene interaction 
were studied. The units stored at  7 and 22" in Part A (from both the 
primary and duplicate groups) were used for Part B. No change 
occurred in these units during the first 10 weeks of Part A of the 
study. 
The preservative solutions were added in such a manner as to 


yield a final volume of 10.1 ml. in each unit. All units used in Part B 
were assembled complete with dip tubes. Grouping of the units 
according to preservative and storage temperature is depicted in 
Tables I1 and 111. 


The spray containers were stored at the respective temperatures in 
the upright position in both parts of the study. Partitioned card- 
board trays, open at the top, were constructed to store the spray 
units. Each partitioned carton held 20 spray containers. 


A 100-pl. Hamilton; microliter syringe with a Chaney adapter was 
used to withdraw 100-pl. samples from the spray containers. A 
scintillator solution (0.4% 2,S-diphenyloxazole in equal parts of 
toluene and 2-ethoxyethanol) was used for all samples. 


A two-channel, ambient temperature, internal liquid scintillation 
spectrometer', quipped with automatic sample changer and print- 
out, was used throughout the study. Each sample was counted at 


IS ray bottles No. 25163. N-;/a, Wheaton Plmtic. Millville, NJ 
f Tracerlab. Waltham. Mass. 


8 Hamilton Co.. Whittier, Calif. 
4 Tti-Carb modd 2002, Packard Instrument Co.. Inc., LaGrange, 111. 


083351 
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TabIe IV-Mean Disintegrations per Minute (d.p.m.) for 0.5% "C-Phenylephrine Hydrochloride Solution, Part A 


Mean d.p.m. Meand.p.m. Mean d.p.m. Meand.p.m. Meand.p.m. Meand m. Meand.p.m. Meand m 
UNtS 4145, Units 6 5 0 ,  units 51-55, Units 55-60, Units 61-65, Units 6 t 7 0 ,  Units 71-75, Units i&, 


Weeks 7", DTa 7",NDP 22") DT 22", NDT 40",DT 40", DT 50",DT 50",NDT 


0 
0.28 
0.57 
1.1 
2.0 
3 .O 
4.0  
6.0 
8 .0  


10.0 
16.0 
20.0 


20.680 
#);825 
20,618 
20,617 
20,689 
20.826 
20:653 
2 0 3 5 2  
20,441 
20,623 


20,680 
20,725 
21,072 
20,411 
20,690 
20,635 
20,759 
20,739 
20,735 
20.645 - 
- 


20,680 
200,546 


20,563 
20,846 
20,847 
20,8c@ 
20,724 
20,624 


%% 


- 
~~ 


DT = dip tube. NDT = no dip tube. 


optimum gain for a 1-min. interval, with the instrument set to 
subtract the background count rate automatically. Net counts per 
minute (c.p.m.) ranged from approximately 14,000 to 16,000. A 
counting error of kss than 1 % was obtained, and the counting e& 
ciency was around 78% throughout the investigation. By using a 
tolueneW internal standard, the absolute count rate was calcu- 
lated according to the method described by Wang and Willis (10). 
All further calculations were based upon the disintegrations per 
minute (d.p.m.) obtained. 


Each container in the duplicate set of units was weighed on an 
analytical balance at  the beginning and at the end of Part A to 
determine moisture loss. In addition, two units from each subgroup 
of the duplicate set were weighed periodically. Weighings were 
conducted each time sampling of the primary group was performed. 


RESULTS 


Drug-Plastic Interaction: Part A-Table I lists the solution 
groups investigated in Part A of the study. The mean disintegra- 


"t 
260 300t 


60/ 20 / 
. .  i 4 6 8 10 1; 14 16 in 20 


WEEKS 


Figure I-Example of a typical weight loss c u m  for a unit stored at 
40". 


c 
2 4 6 8 10 12 14 16 18 20 


WEEKS 


Figure 2-Example of a typical weight loss curve for a unit stored at 
50 ". 


tions per minute for each five-container group is listed in Tables 111 
and 1V. The three major parameters investigated were the effects 
of solution concentration, temperature, and container components 
on possible drug-plastic interaction. 


The data presented in Table 111 show that no loss of I4C-phenyl- 
ephrine hydrochloride occurred in any of the 0.25% solutions. The 
disintegrations per minute values at the end of 10 weeks were of the 
same magnitude as the initial values or greater. Table IV shows 
similar results for the 0.5 % 14C-phenylephrine hydrochloride. In all 
c~ses, group disintegrations per minute values either remained the 
same or increased during 10 weeks of storage at 7,22,40, or 50". An 
increase in concentration of the W-phenylephrine hydrochloride 
had no apparent effect on the behavior of the phenylephrine 
hydrochloride toward the polyethylene. No sorption was demon- 
strated, indicating complete compatibility of the drug with the 
container and its components. There was no difference Seen in the 
units without dip tubes. All units behaved in identical fashion at 
each temperature regardless of the presence or absence of dip tube 
components. 


Reference to Tables 111 and IV shows that no loss of lGphenyl- 
ephrine hydrochloride occurred at any of the four temperatures 
studied. There was no increase or decrease for any of the groups 
stored at 7 and 22'. Elevated temperatures failed to promote any loss 
of W-phenylephrine hydrochloride through sorption. There was an 
apparent gain in disintegrations per minute values, however, for 
each group stored at 40 and 50". This gain was attributed to the loss 
of solvent from the spray containers. 


Maishye Loss: Part A-Each unit in the duplicate set of units 
from Part A was weighed at  the beginning of the study and at the 
end of 10 weeks. The units stored at 40 and 50" were also weighed 
again a t  the end of 16 and 20 weeks. The weight loss for each unit, 
represented as percent weight loss after 10 weeks, is listed in Table 
V. Table VI lists the percent weight loss for each unit stored at  40 
and 50" for Weeks 11-16 of the study, while Table VII shows the 
percent weight loss for these units for Weeks 17-20. Since there was 
a comsponding increase in disintegrations per minute with weight 


w 7wt / 


2 4 6 8 10 12 14 16 18 
WEEKS 


Figure 3-Average moisture loss as reflected by disintegrations per 
minute increase for a typical group of units stored at 40". 
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Table V-Weight Loss Tabulation for First 10 
Weeks of Study, Part A 


Table W-Weight Loss Tabulation for Weeks 11-16 and 17-20 
of Study, Part A 


0.25z 0.5% 1%- 
Phenylephnne Phenylephrine 
Hydrochloride Hydrochloride 


--Solution- - Solution- 
Percent Percent 


Group Unit Weight Unit Weight 
Demiption Number Loss Number Loss 


Storage at 7", 
units with 
dip tubes 


Storage at 7", 
units without 
dip tubes 


Storage at 22", 
units with 
dip tubes 


Storage at 22", 
units without 
dip tubes 


Storage at 40", 
units with 
dip tubes 


Storage at 40", 
units without 
dip tubes 


Storage at SO", 
units with 
dip tubes 


Storage at SO", 
units without 
dip tubes 


101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
1 24 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


0.030 141 
0.203 142 
0.9540 143 
0.034 144 
0.031 145 
0.029 146 
0.029 147 
0.028 148 
0.025 149 
0.033 150 
0.280 151 
0.295 152 
0.280 153 
0.276 154 
0.282 155 
0.993 156 
0.286 157 
0.280 158 
0.258 159 
0.274 160 
2.274 161 
1.794 162 
1.740 163 
1.745 164 
1.726 165 
1.753 166 
1.673 167 
1.819 168 
1.764 169 
2.445 1 70 
4.512 171 
4.673 172 
5.741 173 
5.111 i 74 
5.294 175 
4.444 176 
4.636 177 
5.007 178 
5.001 179 
5.232 180 


0.044 
0.233 
0.015 
0.4920 
0.017 
0.182 
0.023 
0.044 
0.012 
0.082 
0.271 
0.268 
0.263 
0.272 
0.269 
0.540 
0.267 
0.283 
0.275 
0.277 
2.443 
1.767 
3 . 1 W  
1.708 
1.738 
1.643 
1.705 
1.747 
1.691 
1.788 
4.158 
4.403 
4.639 
4.666 
9.099. 
4.071 
4.277 
4.411 
4.536 
4.706 


Denotes unit improperly sealed. 


loss of the solutions studied, the weight loss was attributed to 
permeation of the solvent, water, through the polyethylene con- 
tainer. Average percent moisture loss values for all groupings as 
demonstrated by weight loss are listed in Table VI1. 


The presence or absence of dip tubes did not affect the moisture 
loss. Groups having no dip tubes showed moisture losses of the same 
magnitude as their counterparts with dip tubes. Theaverage 10-week 
percent moisture loss for all groups stored at 7" was 0.031 z. while 
the average loss was 0.275% for groups stored at 22". Groups 
stored at 40 and 50"showed average moisture losses of 1.8and 4.7x. 
respectively, during the first 10 weeks. Weight loss data for the 
second 10-week segment of Part A show an additional average 
moisture loss of 2.0% for units stored at 40" and of 4 .4z for units 
stored at 50". 


Representative units of each group stored at 40 and 50" were 
weighed periodically during the first 10 weeks of the study, at the end 
of 16 weeks, and again at the end of 20 weeks. Figures 1 and 2 show 
the moisture loss curves for typical units stored at 40 and 50". 
Water was lost from the units at a constant rate, the average loss 
being approximately 19 mg./week for units stored at 40" and 45.5 
mg./week for units stored at 50". 


The loss of solvent from the polyethylene spray bottles was also 
reflected in the increased disintegrations per minute values at the end 
of 10, 16, and 20 weeks. The percent increase in disintegrations per 
minute values for both primary (regularly sampled) and duplicate 
(unsampled until Week 10) groups stored at 40 and 50" is shown in 
Table VIII. Reference to Table VIII shows that at the end of 10 


0.25% 1 U ;  0.5% w- 
Phen ylephrine Phen y lephrine 
Hydrochloride Hydrocblonde 


-Solution- --Solution- 
Percent Percent 


Group Unit Weight Unit Weight 
Descripbon Number Loss Number Loss 


Storage at  40", 
units with 
dip tubes 


Storage at  40", 
units without 
dip tubes 


Storage at 50". 
units with 
dip tubes 


Storage at SO", 
units without 
dip tubes 


Storage at  40", 
units with 
dip tubes 


Storage at  40", 
units without 
dip tubes 


Storage at SO", 
units with 
dip tubes 


Storage at SO", 
units without 
dip tubes 


W& 11-16 
121 1.076 
122 1.430 
123 1.521 
124 0.972 
125 1.223 
126 1.382 
127 1.350 
128 1.824 
129 1.075 
130 1 .m 
131 2.289 
132 2.546 
133 2.823 
134 2.874 
135 2.995 
136 2,398 
137 2.680 
138 4.324 
139 2.880 
140 2.907 


121 0.638 
122 0.628 
123 0.669 
1 24 0.689 
125 0.898 
126 0.629 
127 0.816 


Weeks 17-20 


~~ 


128 i ,032 
129 0.836 
130 0.635 
131 1.547 
132 1.663 
133 1.808 
134 1.890 
135 1.998 
136 1.493 
137 1.612 
138 2.160 
139 1.825 
140 1.915 


161 
162 
163 
164 
165 
166 
167 
168 
1 69 
170 
171 
172 
173 
1 74 
175 
176 
177 
178 
179 
180 


161 
162 
163 
164 
165 
166 
167 
168 
1 69 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 


1.440 
1.496 
1.531 
1.079 
0.923 
1.452 
0.990 
1.076 
0.962 
0.982 
2.097 
2.333 
2.528 
2.625 
2.823 
2.062 
2.203 
3.031 
2.881 
2.636 


0.836 
0.939 
0.615 
0.607 
0.618 
1.206 
0.614 
0.615 
0.845 
0.601 
1.353 
1.502 
1.635 
1 ,707 
1.827 
1.327 
1.433 
1.578 
1.647 
3.059 


weeks the percent increase in disintegrations per minute values for 
both primary and duplicate groups stored at 40" compares favorably 
with the percent weight loss data. While the percent increase in 
disintegrations per minute values after 10 weeks for the duplicate 
units stored at  50" compares favorably with the weight loss data, 
higher losses were reflected by the primary or regularly sampled 
units. The higher losses in these units may be attributed to their 
regular sampling, additional moisture loss occurring each time a unit 
was opened and a withdrawal made. These data are valuable in 
projecting what might be observed during normal patient use of 
these products. 


The disintegrations per minute values for all groups stored at 40 
and 50" continued to increase during the second 10-week period. 
The percent increase in disintegrations per minute values for the 
#)-week period compares favorably with the weight loss data for 
that period. Figures 3 and 4 show the moisture loss curves for groups 
stored at 40 and SO", respectively, as reflected by the disintegrations 
per minute increase. The solid lines in Figs. 3 and 4 represent the 
lines of best fit for the data as determined by least-squares calcula- 
tions. 
Container SuitaMllty: Part A-The results of Part A demonstrate 


that low density polyethylene containers are suitable for the packag- 
ing of aqueous solutions of phenylephrine hydrochloride. Phenyl- 
ephrine hydrochloride showed no interaction with the polyethylene 
polymer at  any of the temperatures studied. Furthermore, phenyl- 
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Table W-Mean Moisture Loss in Percentages for All Groups as Determined Gravimetrically, Part A 
~~ 


Percent Moisture Loss 
-After 10 Weeks- -AfW 16 We&- -After 20 Weeks- 


Phenylephrine Phenylephnne Phenyzphrine Phenylephrine Phenylephnne Phenylephnne 
Hydrochloride Hydroch,loride Hydrochloride Hydrochloride Hydrochloride Hydrochloride 


0.25% 'F- O . S % I T -  0.25 "C- 0.5% "C- 0.25% 'U; 0.5% '?- 


Group Description Solution Solution Solution Solution Solution Solution 


tubes 


dip tubes 


dip tubes 


dip tubes 


dip tubes 


dip tubes 


dip tubes 


dip tubes 


- - - - Storage at  7". with dip 0.031 0.025 


Storage at 7", without 0.028 0.040 


Storage at 22", with 0.283 0.268 


- - - - 
- - - - 
- - - - Storage at 22", without 0 . n 4  0.276 


Storage at 40", with 1.856 1.738 3.100 3.031 3.805 3.755 


Storage at 40" without 1.891 1.713 3.275 2.805 4.068 3.582 


Storage at 50" with 5.066 4.446 7.771 6.947 9.551 8.552 


Storage at SO", without 4.864 4.400 7.902 6.962 9.703 8.772 


Table Mn-Mean Moisture Loss in Percentages for Primary and Duplicate Groups Stored at 40 and SO", Determined 
Radioactively, Part A 


-After 10 Weeks- -After 16 Weeks- -After 20 Weeks-- 


Phenylephrine Phenylephrine Phenylephrine Phenylephnne Phenylephrine Phenylephrine 
Hydrochloride Hydrochloride Hydrochloride Hydrochloride Hydrochloride Hydrochloride 


0.25% "C- 0.5% "C- 0.25% "C- 0.5% '5- 0.25% "C- 0.5% 1%- 


Group Description Solution Solution Solution Solution Solution Solution 


with dip tu& 


with dip tubes 


without dip tubes' 


without dip tubes 


with dip tu& 


with dip tubes 


wthout dip tubes 


without dip tubes 


Primarygrou 40", 2.1 0 . 9  4.5 3.2 2.2 2.5 


- 2.1 2 . 0  Duplicate group, 4O0, 1 .6  1.7 - 
primary group, 40" 1.8 1.5 3.7 3 .3  2.5 2 .2  


Duplicate group, 40", 2.1 0 . 7  - - I .7 0 . 9  


Priaary grou , SO", 6.9 7 . 2  9 . 4  10.7 10.1 10.2 


Duplicate group, SO", 5 .4  4 .3  - - 8.1 7 .4  


PrirIyrY group ma, 11.8  6 . 6  19.1 14.7 19.2 13.2 


Duplicate group, 50". 4.7 4 .8  - 9 . 2  6.6 - 


ephrine hydrochloride demonstrated no visual evidence of decompo- 
sition when stored at 7,22, or 40" in combination with 2% sodium 
bisuffite. At SO", no decomposition was evident after 10 weeks had 
elapsed. By the end of 16 weeks, the characteristic brownish color 
of degraded phenylephrine hydrochloride was evident. 


The polyethylene containers studied presented a good barrier to  
moisture transmission. Water permeation through the container 
walls was negligible at 7" and only 0.03 %/week at room temperature 
(22"). At elevated temperatures, the losses were about O.Z%/week 
at  40" and 0.45%/week at 50". Overall, low density polyethylene was 
shown to be an adequate container for packaging of aqueous solu- 
tions of phenylephrine hydrochloride utilizing a radioisotopic 
method of investigation. 


Drug-Plastic Interaction: part &In Part B, the influence of two 
preservatives, benzalkonium chloride (1  :u)oo) and thimerosal 
(1 : sooO), on the phenylephrine hydrochloride-polyethylene con- 
tainer interaction was investigated. Table 11 lists the different solu- 
tion groups investigated in Part B. Mean disintegrations per minute 
values for each Ave-container group are listed in Tables IX and X. 
Table XI shows the net percentage increase or decrease in disintegra- 
tions per minute values for each of the groups investigated in Part B. 


Both benzalkonium chloride and thimerosal were found to cause a 
slight interaction of the 'F-phenylephrine hydrochloride with the 
polyethylene container. At 7 ', the average loss for all units was 1 .O% 


after 14 weeks of storage. At 22". the loss of IGphenylephrine 
hydrochloride averaged 2.6% after 14 weeks, with the average loss 
values ranging from 1.9 to 3.0%. The decrease in phenylephrine 
hydrochloride concentration for groups stored at 22" is depicted in 
Fig. 5. 


After 14 weeks at 40". there was a small increase in the average 
disintegrations per minute values. The increase averaged 0.23% for 
14 weeks. When this value is compared to  the average disintegrations 
per minute increase (1.75% for 14 weeks) for the unpreserved 
solutions stored at 40". a difference of approximately 1.5% is 
indicated. Thus, there was an apparent 1.5% loss of 1'C-phenyl- 
ephrine hydrochloride offsetting the loss of moisture from the 
container. 


The average percent disintegrations per minute increase for units 
preserved with benzalkonium chloride and stored at SO" was a p  
proximately 0.5 %/week or about the same magnitude as the increase 
per week (0.53%;) for unpreserved solutions stored at 50" in Part A. 
The disintegrations per minute increase for units preserved with 
thimerosal was greater than that of the units preserved with benzal- 
konium chloride. The average percent disintegrations per minute 
increase for the thimerosal-preserved units was 0.71 %/week. If the 
percent increase in average disintegrations per minute values for the 
thimerosal-preserved units is projected over a =week period, a gain 
of 14.2% is indicated. This value compares favorably with the range 
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Table IX-Mean Disintegrations per Minute (d.p.m.) for 0.25 
Preservative Solutions, Part B 


14GPhenylephrine Hydrochloride, 


M ~ I  d.p.m. Meand.p.m. Meand.p.m Meand m. Meand.p.m. Meand.p.m. Meand.p.m. M v d  .m. 
Units 1-5. Units 101-105. units 6-10. units 1J110. Units 11-15. units 111-115. Units 16-20. Units 11iElm. - - .  - - - -  -- - - - 7  


Benzalkonium Thimerosal, ' Benzalkonium Thimerosal, ' Benzalkonium Thi&-osal, Benzalkonium Thimosal ,  
Weeks Chloride, 7" 7" Chloride, 22" 22 " Chloride, 40" 40" Chloride, 50" 50" 


0 17,794 19,830 17,903 19,746 17,820 19,913 17,934 19,856 
1 17,848 20,114 17,934 19,826 18,107 19,701 18,294 20,376 
3 17,982 20,028 18.014 19,642 18,025 20,236 18,515 20.490 
5 18,358 19,960 17,751 19,612 18,040 20.280 18,613 20,946 
7 17,960 19,642 17,632 19,507 17,869 19,700 18,509 20,798 
9 17,645 19,549 17,607 19,364 17,937 19.859 18.932 21,044 
12 17,981 19,822 17,595 19,592 17,882 20,120 18,734 21,468 
14 17,927 19,461 17.485 19,136 17,857 19,774 19.168 21,819 


Table X-Mean Disintegrations per Minute (d.p.m.) for 0.5% W-Phenylephrine Hydrochloride, 
Preservative Solutions, Part B 


Mean d.p.m. Mean d.p.m. Meand.p.m. Mean d.p.m. Meand.p.m. Mean d.p.m. Meand m Meand m. 
Units 41fl5, Units 141-145, Units 46-50, Units 146-150, Units 51-55, Units 151-155, Units 5&; Units 158160, 


Benzalkonium Thimerosal, Benzalkonium Thimerosal, Benzalkonium Thimerosal, Benzalkoniuy Thimerosal, 
Weeks Chloride, 7" 7" Chloride, 22" 22" Chloride, 40" 40" Chloride, 50 50" 


0 
1 
3 
5 
7 
9 
12 
14 


18,455 
18,722 
18.694 
18:848 
i8;4io 
18,634 
18,395 
18,252 


20,377 
20,791 
20,510 
20,847 
20,386 
20,181 
20,434 
20,171 


18,596 
18,567 
18.700 


20,404 
20 , 658 
20.519 


18,485 
18,675 
18.870 


20,383 
20,630 
20.663 


181331 
i81216 
18,053 
18,149 
18,043 


20:468 
20; 102 
20,115 
20.042 
20,006 


18;804 
18.386 
IS 3% 
18,515 
18,703 


20i824 
20,382 
20,466 
20,454 
20,434 


18,555 
18.919 
19; 166 
19.172 
i9;219 
19,528 
19,610 
19,899 


20,388 
20,949 
20.990 
21 ;634 
21,422 
21,702 
22,338 
22,408 


TaMe XI-Net Percentage Increase or Decrease in Group Disintegrations per Minute Averages for 0.25x and 0.5x 
W-Phenylephrine Hydrochloride, Preservative Solutions, Part B 


---------Group Description 
Concen- 
tration of 


1 'C-Phenyl- Storage 
ephrine Temper- WWkS 


Hydrochloride, Preservative ature 1 3 5 7 9 12 14 


0.25 


0.25 
0.5 


0.5 
0.25 


0.25 
0.5 


0.5 
0.25 


0.25 
0.5 


0.5 
0.25 


0.25 
0.5 


0.5 


Benzalkonium 
chloride 


Thimerosal 
Benzalkonium 


chloride 
Thimerosal 
Benzalkonium 


chloride 
Thimero@ 
Benzalkonium 


chloride 
Thimerosal 
Benzalkonium 


chloride 
Thimerosal 
B e n e o n i u m  


chloride 
Thimerosal 
Be-onium 


chlonde 
Thimerosal 
Benzalkonium 


chloride 
Thimerosal 


7" 


7" 
7" 


7" 
22" 


22 " 
22 " 
22 " 
40" 


40" 
40" 


40" 
50" 


50" 
50" 


50" 


+O. 3 


+1.4 
+1.4 


+2.0 
+0.2 


+0.4 
+0.2 


+1.2 
+1.6 


-1.0 
+1 .o 
+1.2 
+2.0 


+2.6 
+2.0 


+2.8 


+1.1 


+1 .o 
+1.3 


+0.6. 
+0.6 


-0.5 
+0.5 


+0.6 
+1.2 


+1.6 
+2.0 


+1.4 
+3.2 


+3.2 
+3.3 


+3.0 


+3.1 


+0.7 
+2.1 


+2.3 
-0.8 


-0.7 
-1.4 


+0.3 
+1.2 


+1.8 
+1.7 


+2.2 
+3.8 


+5.5 
+3.3 


+6.1 


-0.6 


-0.9 
-0.2 


0 
-1.5 


-1.2 
-2.0 


-1.4 
$0.3 


-1.0 
-0.5 


0 
+3.2 


+4.7 
+3.6 


$4.8 


-0.8 


-1.4 
+1 .o 
-0.9 
-1.7 


-1.9 
-2.9 


-1.4 
+0.6 


-0.3 
+0.2 


+0.4 
+5.6 


+6.0 
+5.2 


+6.4 


+1.1 


0 
-0.3 


+0.3 
-1.7 


-0.8 
-2.4 


-1.8 
+0.3 


+1 .o 
+0.2 


+O. 3 
+4.5 


+8.1 
+5.7 


+9.5 


+0.7 


-1.9 
-1.0 


-1.0 
-2.3 


-3.0 
-3.0 


-1.9 
+O. 3 


-0.7 
+1.2 


+0.2 
+6.9 


+9.9 
+7.2 


+9.9 


of percent increase in disintegrations per minute values for unpre- 
sewed solutions from Part A listed in Table X. Overall, the 
moisture loss (as reflected by increased average disintegrations per 
minute values) for the preserved solutions stored at 50" was the same 
as that for the unpreserved solutions studied in Part A. 


Study of the data from Part B reveals that there is an apparent 
interaction between the 1.C-phenylephrine hydrochloride and the 
polyethylene container caused by both preservatives. The interaction 
was strongest at room temperature (22"), with apparent binding 


of W-phenylephrine hydrochloride as high as 3.0% after 14 weeks 
An increase in temperature appears to disrupt the interacted system 
For example, at 40" the net loss of 1'C-phenylephrine hydrochloride 
was 1.5%. At SO", no loss was shown. 


The data further reveal that there is no apparent overall trend 
visible as to any difference between the solutions containing thimer- 
osal or benzalkonium chloride or between solutions containing 
0.25% as opposed to 0.5% L'Gphenylephrine hydrochloride. 
Since the preservative is the limiting factor in the interaction, a 
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Figure 4-Awmge moisture loss as reficted by disintegmtions per 
minute increase for a typical group of units stored at SO”. 


change in preservative concentration would probably alter the 
percentage lost or bound. Accelerated stability studies at elevated 
temperatures could not be used to predict the long-term stability of 
these units at room temperature since the results showed that ele- 
vated temperatures disrupt the interaction between container 
and preservative-drug. 


A study of the preservatives as the labeled compound would reveal 
more about their role in this study and about possible serious 
loss of preservative due to interaction with the polyethylene con- 
tainer. 


SUMMARY 


The utility of radioisotopic techniques in evaluating container 
performance of pharmaceutical packaging was demonstrated by the 
use of 1Gphenylephrine hydrochloride to investigate the com- 
patibility of phenylephrine hydrochloride in low density poly- 
ethylene containers. Phenylephrine hydrochloride in aqueous solu- 
tion apparently does not bind with low density polyethylene as a 
blow molded container. Moisture loss from low density polyethylene 
containers was clearly demonstrated by use of radioisotopic means 
as well as by conventional gravimetric techniques. It was demon- 
strated that, at room temperature, phenylephrine hydrochloride 
binds either to or in combination with a preservative (thimerosal or 


COHCENTRATKYl 
UEY P n E m P n r t i ~  mi m z s m v n ~  
0- atsx mmumwa 
0- l n i m w  


asx IIouIu(pIicua - 0 -  


A- QllllQ 


1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  
WEEKS 


plsure 5-Awrage percentage decrease of phenylephrine hydro- 
chloride for groups stored at 22O (Part B). 


benzalkonium chloride) to produce an interacted system with low 
density polyethylene. In this study an elevated temperature dis- 
rupted the weak binding. This indicates the necessity of always 
evaluating polyethylene packaging of liquid pharmaceutical 
products at room temperature to  avoid the possibility of erroneous 
conclusions based on accelerated testing. 
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Interaction of Mechlorethamine and Isophosphamide with 
Bovine Serum Albumin and Rat Liver Microsomes 


LARRY M. ALLEN' and PATRICK J. CREAVEN 


Abstract 0 The interaction of the alkylating metabolites of iso- 
phosphamidc and mechlorethamine with microsomal protein and 
bovinc serum albumin was studied. The procedure of freezing and 
thawing of rat liver microsomal fraction greatly increases the in- 
hibition by mechlorethamine of its ethylmorphine demethylase 
activity. Microsomal metabolites of isophosphamide bind cova- 
lently to microsomal protein and bovine serum albumin. Mechlor- 
ethamine interacts with thiol and tyrosyl hydroxyl groups of bovine 
serum albumin. The use of the mechlorethamine-bovine serum 
albumin interaction as a model system for the study of the reac- 
tions of isophosphamide metabolites with protein is proposed. 


Keyphrases u Isophosphamide alkylating metabolites-interac- 
tion with microsomal protein and bovine serum albumin, compared 
to mechlorethaniine 0 Bovine serum albumin-interaction with 
isophosphamide alkylating metabolites, compared to mechlor- 
ethamine 0 Microsomal protein binding-kophosphamide al- 
kylating metabolites 0 Mechlorethamine-interaction with micro- 
soma1 protein and bovine serum albumin, model for isophosphamide 
interaction 


Isophosphamide [3-(2-chloroethyl)-2-(2-chloroethyl)- 
aminotetrahydro-l,3,2-oxazaphosphorine-2-oxide]~ is 
an antineoplastic analog of cyclophosphamide cur- 
rently undergoing clinical trial. I t  was previously re- 
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Figure I-Gel filtration of "C-isopkospliamid~bbeled bovine serum 
albumin (0) and rat liver microsomes (a). Bovine serum albumin and 
rat liver microsomes were labeled with L4C-isophospharnide us de- 
scribed in the text and were gel filtered through Biogel P-30 in 
0.05 M phosphate bufler. pH 7.4; I-ml. jractions were collected and 
counted. 14C-lsophosphamide hadan elution volume of 40 ml. 


I NSC-109724; 2-4942. Asta Werke. 
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ported (1, 2) that isophosphamide is activated by rat 
liver microsomes to compounds with alkylating activity. 
These compounds could react with microsomal protein 
and so affect the metabolism of isophosphamide itself 
or of concurrently administered drugs. Indirect evi- 
dence for such an interaction is the finding of Sladek 
(3) that the microsomal metabolism of cyclophos- 
phamide requires fresh microsomes; the process of 
freezing and thawing even once destroys most of the 
activity, whereas most other microsomal enzyme activi- 
ties are relatively resistant to this procedure (4). Similar 
observations with isophosphamide (2) have been made, 
and it was postulated that freezing and thawing of 
microsomes could expose sensitive thiol groups which 
would be susceptible to alkylation by metabolites of 
isophosphamide. Therefore, the interaction between 
the metabolites of isophosphamide and both microsomal 
protein and bovine serum albumin was examined. As 
a model of this interaction, the reaction of an alkylating 
agent of known structure, mechlorethamine, and bovine 
serum albumin was studied. 


MATERIALS AND METHODS 


Isophosphamidea, (U-chloroethyl-14~-isophosphamide', crystal- 
line bovine serum albumin*, mechlorethaminex, and dithiobis- 
nitrobenzoic acids were used. 14C-Isophosphamide (I 90 pc./Mmole), 
3.8 m M  final concentration, was incubated for 15 min. with a rat 
liver microsomal suspension (3 ml.) containing microsomes (= 250 
mg. wet weight liver) (2 )  in a dialysis hag suspended in 0.5 bovine 
serum albumin (10 ml.). After incubation the microsomal protein 
and bovine serum albumin were precipitated with 2 8 2  perchloric 
acid, washed, resuspended, dialyzed against water (10 I.), and 
subjected to gel filtration on Biogel P-30 to remove noncovalently 
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Figure 2-Inhibition of the thiol group of bovine serum albumin by 
mechlorethamine. Bovine serum albumin was treated with mechloretha- 
mine and assayed for jree suljliydryl groups with dithiobisnirrobenzoic 
acid as described in the text, and the decrease in thiotiitroplietiylate 
anion with the incubation time of mechlorethamitie wasplotted. 


* Drug Research and Development, National Cancer Institute, 


* Sigma Chemical Co. 
Bethesda, MD 20014 







100 


w 


80 


70 > + z 
Z 6 O  c 


A 


ZM) 250 300 350 400 450 500 550 600 
WAVELENGTH, nm. 


B 


WAVELENGTH, nrn. 


loo 


w 


80 


70 
E 


60 g 
+ 
Z 


5 0 -  
W 
5 


4a+ 5 
M E  


W 


M 


10 


Figure SFluoresceiice spectral aiialysis of boviiie serum albrrmiii iiiteraction with mecliloretkarnirie. (A) ,  Fluoresceiice rrnissioii ni 287-rim. ex- 
citation of bovine serum alburniii before (urishaded) and 15 miit. aJier (shaded) addition of meciiloretliumiiie (lO.7prnoles). ( B ) ,  Fluoresceiice emis- 
sioii at 30s-irm. excitation of boviiie serum albumiii before (uiishaded) aiid IS rnin. after (shaded) addition of mechlorerliamiiie (10.7 pmoles). 
The slit width was 2.0 mm., sensitivity was 0.001, aiidpliotornultip1it.r was 0.5. 


bound isophosphamide (elution volume 40 ml,). Fractions were 
counted by liquid scintillation spectroscopy. 


The interaction of mechlorethamine with thiol groups and the 
tyrosine and tryptophan residues of bovine serum albumin was 
studied by the use of dithiobisnitrobenzoic a d d  (5) and fluorom- 
etry, respectively. Bovine serum albumin (10 mg. in 1.5 ml. of 
Sorenson's buffer, 0.1 M, p H  7.4) was incubated with mechloreth- 
amine(10.7 pmoles) at 22'. After incubation periods of &30 rnin.. 
dithiobisnitrobenzoic acid (2 mg. in 0.5 ml. of water) was added 
and the concentration of thiophenylate anion was determined at  
412 nm. using an absorptivity of a = 1360.0 (9. Fluorescence spec- 
tral ana!ysis of bovine serum albumin (0.22 mg./ml. in 0.067 M 
phosphate buffer, pH 7.4) was performed on a spectrophotofluorom- 
eter' at X... 287 and XII  310 nm. in the presence and absence of 
mechlorethamine (10.7 pmoles, final concentration). 


Ethylmorphine demethylase activity of microsomes was estimated 
according to Davies et nl. (6). 


RESULTS 


The freezing and thawing procedure of a microsomal preparation 
greatly increases the inhibition of ethylmorphine demethylase 
activity by mechlorethamine (Table I). Incubation of isophos- 
phamide with rat liver microsomes leads to covalent binding of 
isophosphamide metabolites to both rnicrosomal protein and bovine 
serum albumin (Fig. 1). 


A model reaction between mechlorethamine and bovine serum 
albumin leads to the complete .loss of available thiol groups as 
measured by the dithiobisnitrobenzoic reaction (Fig. 2). Fluoro- 
metric determinations indicate no reaction with tryptophan resi- 
dues [measured by fluorescence at  he,  305 nm. (6)j but there is a 
transient decrease in fluorescence intensity a t  Acxo 287 nm. followed 
by a 12-nm. shift in All (Fig. 3), indicating an  interaction with tyro- 
sine residues (7). 


DISCUSSION 


The reaction between alkylating agents and nucleophilic centers 
of proteins is well known (8). Isophosphamide is metabolized into 
alkylating metabolites by liver microsomes (1, 2), the production 


4 Aminco-Bowman. 


of which occurs in intimate contact with the active sites of micro- 
soma1 protein and could affect the activity of these enzymes, es- 
pecially as it is known that microsornal oxidations are inhibited by 
sdf'hydryl reagents (9). 


The fact that fteezing microsomes greatly reduces their ability 
to metabolize cyclopliosphamide and isophosphamide suggested 
indirectly that such a reaction could be taking place and that 
freezing, by exposing essential sulfhydryl groups, was accentuating 
this effect. The present findings that mechlorethamine inhibits 
microsomal demethylase activity and that this inhibition is much 
greater after freezing and thawing the microsomal preparation 
are in agreement with this concept. The results also show that a 
reaction does take place between microsomal metabolites of iso- 
phosphamide and microsomal protein. 


Microsomal protein is heterogeneous and particulate, and the 
metabolites of isophosphamide are still undefined; consequently, 
a model for theit interaetion, consisting of a knowh alkylating agent 
and a protein with defined spectral qualities (7) and containing a 
single thiol group (9), was studied. Interactions between niechlor- 
ethamine and both thiol and phenolic residues of bovine serum 
albumin were demonstrated. A reaction between bovide serum 
albumin and isophosphamide metabolites was also demonstrated, 
and it seems to be a convenient, simple model with which to study 
the interaction between isophdsphamide and proteins. 


Table I-Effect of Mechlorethamine Pretreatment on 
Ethylmorphine Demethylase Activity of 
Rat Liver Microsomes" 


- 


Mechlor- Ethylmorphine Demethylase Activity, 
ethamine, ----- pmoles/g. Liver/hr .--------- 
mM Final In- 
Concen- Fresh Inhibition, Frozen hibition, 
tration Microsomes z Microsomes z 


2.08 f 0.00 - 
0.5 2 . 0 9 f 0 . 0 3  14.3 1 . 2 3 +  0.04 40.9  
5.0  0.73 f 0.03 70.1 0 , O O k  0.00 100 


0 2 . 4 4 ~ k  0.03 - 


a Microsomes prepared as previously described (2) were pretreated 
with rnechlorethamine for 30 min. at 22". Cofactor mixture (3)  an: 
substrate were added and the mixture wa5 incubated for 15  min. at 37 
in air with shaking. Each value represents the mean of determinations 
carried out on three sets of livers, each set bcing the pooled liver homo- 
genates from two rats. 
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Biosynthesis of Deuterated Benzylpenicillins 111: 
Relative Antibiotic Potency of Highly Deuterated Benzylpenicillin 


BRUCE C. CARLSTEDT*, HENRY L. CRESPI, MARTIN I. BLAKE', and JOSEPH J. KATZ 


Abstract 0 The relative adtibiotic potency of a highly deuterated 
benzylpenicillin and lH-benzylpenicillin was compared using the 
official cupplate bioassay, with Sarcina Iutea as the test organism. 
A relative potency (H/D) of 1.23 was obtained. Although the 
penicillin analogs act by the same mechanism, deuterium appar- 
ently affects the potency in an adverse way. 


Keyphrases 0 benzylpenicillin, highly deuterated-potency com- 
pared to nondeuterated benzylpenicillin, cupplate bioassay, 
Sarcina lurea 0 Penicillin analogs--effect of high deuteration on 
potency of benzylpenicillin 0 Antibiotics-potency of highly 
deuterated benzylpenicillin, compared to lH-benzylpenicillin 0 
Deuteration-effect on potency of benzylpenicillin 


The participation of solvent deuterium oxide in the 
biosynthesis of benzylpenicillin (1) and the isolation and 
characterization of a highly deuterated benzylpenicillin 
have been reported (2). Proton magnetic resonance 
spectra revealed an average replacement of 89% of the 
protons ('H) with deuterium (*H) atoms. Complete 
replacement by 2H is observed in the phenylacetyl 
group, the C-3 position of the thiazolidine ring, and the 
C-6 position of the j3-lactam ring. Partial substitution is 
noted i n  the C-5 position of the j3-lactam ring (64%) and 
in the methyl groups (77z) at the C-2 position of the 
thiazolidine ring. 


In the present study, the relative antibiotic potency of 
this highly deuterated benzylpenicillin and 'H-benzyl- 
penicillin is compared. 


EXPERIMENTAL 


Highly Deuterated Benzylpenicillin-Isolation, identification, 
and chatacterization of a highly deuterated benzylpenicillin was 
described earlier (2). 


Assay-USP XVII (3) describes a relative potency assay which 
is useful for determining benzylpenicillin activity as compared to a 
standard. The cup-plate bioassay, involving Surcina lurea (ATCC 
9341) as the test organism (I) ,  was used for this study. Penicillin 
concentrations are expressed in moles rather than in units per milli- 


liter or milligrams per milliliter. Expression of the concentrations 
on a weight basis would introduce a factor involving the dilrerence 
in molecular weights and would influence the slope in a dose- 
response relationship (4). 


RESULTS AND DISCUSSION 


Figure 1 shows the regression lines calculated for highly dcuter- 
ated potassium benzylpenicillin (D) and potassium IH-benzylpeni- 
cillin (H) when the results of the assay were represented as inhibition 
zone diameters (millimeters) on the Y-axis (random variable) and 
the antibiotic concentration was expressed as log moles X loi1 on 
the X-axis. The statistical methods used by Laskar and Mrtek (4) 
for their comparisons were utilized here, and a summary of the 
results is presented in Table 1. There was an observed difference in 
the regression coefficients for the two penicillins, and it was neces- 
sary to test the significance. The null hypothesis stated that there was 
no difference between the slopes of the lines. The results of the slope 
test were that r = 0.1625 (76 c / / )  (not significant), the null hypothe- 
sis was accepted, and the parallelism of the slopes was retained. A 
further test on the regression lines must establish the fact that, 
although the lines were parallel, intercepts for the two lines were not 
identical. This test arises from the fact that the intercepts may de- 
scribe the same locus, and the null hypothesis then was that both 
regression lines describe the same locus. Application of an identity 
test reveals that r = 12.90(77 df) ( p  < 0.001)and the null hypothesis 
can be rejected, indicating that the lines are not identical. 


Horizontal displacement may be used to give the relative potency 
of the lH- and highly deuterated benzylpenicillins. This calculation 
revealed a relative potency (H/D) of 1.23 (95% confidence interval, 
1.20-1.26) and indicated that, although the analogs presumably 
work by the same mechanism of action, deuterium in  the molecule 
affected the potency adversely. Laskar and Mrtek (4) found a 
relative potency of 1.25 (H/D) for deuteriobenzyl-cl~penicillin; but a 
comparison, although tempting, between the results of these workers 
and the present study would be only cursory since two methods of 
assay (turbidimetric and cup plate, respectively), two organisms 
(Srrrphylococcus aureus and S. lureu, respectively), and two salts (N- 
ethylpiperidine and potassium, respectively) were used. 


Interpretation of Assay Results-A review of the effects of deu- 
terium on therapeutic compounds was presented by Katz and 
Crespi (5 ) .  Of particular interest are the effects of deuterium sub- 
stitution on the activity of other antibiotic compounds. Nona et al. 
(6) isolated *H-griseofulvin and evaluated its in oirro activity. The 
fully deuterated analog was found to be slightly more potent than 
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Biosynthetic Production of Aberrant Alkaloids in 
Dol&hothele sphaerica (Cactaceae) 


H. ROSENBERG’ and A. G. PAUL 


Abshrrrt 0 Preliminary studies of the productioh of aberrant al- 
kaloids were carried out by introducing unnatural precursors of 
dolichotheline into Dolichothele sphaerica in the hope that the 
corresponding dolichotheline analogs would be formed. Authentic 
samples of the required dolichotheline analogs were synthesized 
and served both as standards and as carriers during the extraction 
procedure. Radioactive analogs were separated from dolichothe- 
line by preparative TLC, recrystallized to constant specific activity, 
and degraded to localize the label. Using appropriate precursors, 
the aberrant alkaloids N-isocaproylhistamine and 4( S>[N-iso- 
valerylaminomethyl]imidazole were produced by D .  sphaerica, 
while the plant appears to be unable to produce N-benzoylhistamine, 
N-isobutyrylhistamine, and N-isovaleryl-N-isopropylhistamine. 
Keyphrases 0 Ddichothefe sphaerica (Cactaceae)-biosynthesis of 
aberrant alkaloids 0 Alkaloids, aberrant-biosynthesis of doli- 
chotheline analogs from unnatural precursors in Dolichothele 
sphaerica 0 Unnatural alkaloids-biosynthesis of dolichotheline 
analogs from unnatural precursors in Dolichothele sphaerica 0 
Aberrant alkaloid biosynthesis-Ddichothele sphaerica (Cactaceae) 
0 Biosynthesis of aberrant alkaloids-dolichotheline analogs in 
Dolichothele sphaerica 


Studies on the biosynthesis of alkaloids in higher 
plants have been carried out almost entirely by means of 
labeled precursor feeding experiments. Such investiga- 
tions assume that only the natural precursor will be in- 
corporated efficiently into the alkaloid of interest. Yet, 
there are published accounts that document the in- 
corporation of unnatural precursors into naturally oc- 
curring alkaloids (1, 2). In addition, the possibility of 
the incorporation of unnatural precursors into un- 
natural or aberrant alkaloids exists. Recently, Leete 
et al. (3) succeeded in inducing the formation of 5- 
fluoronicotine by feeding 5-fluoronicotinic acid to 
Nicotiana tabucum. Rueppel and Rapoport (4, 5) 
tested 2- and 3-methyl-substituted pyrrolinium pre- 
cursors in Nicotiuna glutinosa and reported their in- 
corporation into the aberrant alkaloids 3’-methyl- 
nicotine, 2‘-methylnicotine, and 3’,3’-dimethylnicotjne. 


Dolichotheline (I), a monosubstituted amide alkaloid 
isolated from the cactus Dolichothele sphaerica (Die- 
trich) Britton and Rose, appears to arise biosynthetic- 
ally by means of a mechanism involving the condensa- 
tion of histamine and isovaleryl-CoA (6). Thus, D .  
sphaerica was considered to be suitable for carrying out 
experiments to determine whether the enzyme(s) re- 
sponsible for the linkage of histamine and isovaleric 
acid could also yield aberrant alkaloids following ad- 
ministration of selected precursors to the plant. 


The following compounds were tested in the expecta- 
tion that their corresponding dolichotheline analogs 
would be formed: isobutyric acid, isocaproic acid, 
benzoic acid, 4(5>aminomethylimidaole, and N- 
isopropylhistamine. Authentic samples of the required 
dolichotheline analogs were synthesized and served 


both as standards and as carriers during the extraction 
procedure. 


Such investigation into the biosynthesis of unnatural 
or aberrant alkaloids is of interest for several reasons: 


1. There are few reports that deal with the incorpora- 
tion of an unnatural precursor into an unnatural alka- 
loid. 


2. Such experiments with a series of related unnatural 
precursors may shed light on the specificity of the en- 
z y me@) involved . 


3. The formation of unnatural alkaloids in oioo has 
broad potential application for the preparation of 
analogs of biologically active natural products. 


EXPERIMENTAL1 


N-Isobutyrylhistamine (1I)-Isobutyric anhydride (2.2 g.) and 
histamine (1.1 g.) were gently refluxed for 1 hr. Several drops of 
water were added and the reaction mixture was condensed on a 
steam bath to 8 thick, oily residue. The addition of a few drops of 
acetone caused the crystallization of N-isobutyrylhistamine. It was 
recrystallized from methanol-ether, yielding 1.39 g., m.p. 139-140’ 
@it. (7) m.p. 123Oq; IR (amide) 1640 cm.-l. NMR spectral data for 
all dolichotheline analogs are presented in Table I. 


Anal.-Cak. for CoHlaN,O: C. 59.64; H, 8.34; N, 23.19. Found: 
C, 59.76; H, 8.34; N, 23.25. 


N - I s o c a p r o y l m  (1-Histamine (0.9 g.) and 4-methyl- 
valeryl chloride (1.7 g.) were refluxed gently for 20 min. The reaction 
mixture was then cooled, dissolved in 10 ml. of 1 N HCI, and ex- 
tracted three times with equal portions of ether. The aqueous solu- 
tion was made alkaline with concentrated ammonium hydroxide 
to pH 9.5 and submitted to  extraction with hot chloroform in a 
liquid-liquid extractor for 24 hr. The chloroform extract was dried 
over anhydrous sodium sulfate and evaporated to yield the crude 
N-isocaproylhistamine. It was recrystallized from methanol-ether, 
yielding 0.95 g., m.p. 137-138”; IR (amide) 1635 cm.-l. 


Anal.-Calc. for CllHloNIO: C, 63.13; H, 9.15; N, 20.08. Found: 
C, 62.97; H, 9.24; N, 20.14. 


N-Benzoylhistamine (1V)-Histamine ( 1.1 g.) and benzoyl chloride 
(1.4 g.) were gently refluxed for 15 min. The reaction mixture was 
then cooled, treated with 10 ml. of 1 N HCl, and extracted three 
times with equal portions of ether. The aqueous solution was made 
alkaline with concentrated ammonium hydroxide to pH 9.5 and 
extracted with hot chloroform for 24 hr. The chloroform extract 
was dried over anhydrous sodium sulfate and evaporated to yield 
crude N-benzoylhistamine. It was recrystallized from methanol- 
ether, yielding 0.93 g., m.p. 147-149”; IR (amide) 1640 an.-’. 


Anal.-Calc. for CltHlsNtO: C, 66.96; H, 6.09; N, 19.52. Found: 
C, 67.13; H, 6.22; N, 19.47. 


N-IsopropyMstamhe Dihydrochlwide-Histamine (1.1 1 g.), in 
25 ml. absolute ethanol and 1.5 ml. of acetone, was hydrogenated 
over 300 mg. of platinum oxide at atmospheric pressure for 4 hr. 
After the catalyst was removed, the free base was converted to  the 


‘Melting points were determined on a Fisher-Johns meltin point 
a paratus and are corre+d. IR absorption spectra were recordei-using 
ZBr pellets and a P$rhn-.Elmer 337 gratpg s ectrophqtometer. NMR 
spectra were determmed in deuterated &metl!y! sulfoxide usmg tetra- 
methylsilane as the reference standard on a Varmn A-60 spectrometer. 
Microanalyses were carned out by Spang Microanalytical Laboratory, 
Ann Arbor, Mich. 


* The reported melt$g point appears to have been interchanged with 
that of N-acetylhistamine, which was also synthesized by the author. 
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Table I-NMR Spectra of Dolichotheline Analogs (60 Hz. in Dimethyl Sulfoxide using 
Tetramethylsilane Reference)= 


Aromatic Aromatic Imino --cH%y Gem 
-pound 2-CH 4(5>cH N-H Next toRmg Dimethyl Miscellaneous 


VI: 4(5HN-I~0vale 1- p.p.m. 
aminomethy~l imiL~e J, c.ps. 


Ill: N-lsocaproylhistamine p.p.m. 
J,  C.P.S. 


I1 : N-Isobutyrylhistamine p.p.m. 
J, C.P.S. 


IV: N-Benmylhistamine p.p.m. 
J ,  C.P.S. 


V: N-Isopropyl-N- p.p.m. 
isovalerylhistamine J,  C.P.S. 


7.52 6.80 
S S 


7.39 6.67 


7.26 6.54 


7.61 6.89 


8.96 7.36 
s .  S 


S S 


S S 


S S 


8.05 4.37 
S d 4.0 


7.75 2.61 
S t 7.0 


7.53 2.54 
s t 7.0 


9.33 2.80 
S t 7.0 


4.40 3.04 
S t 7.0 


1.11 


0.88 


0.99 


d 5.0 


d 5.0 


d 5.0 
- 
- 


0.94 
d 5.0 


C-2 and C-3 of 
isovaleryl Ipoup 


2.22 
m 


C-2 isocaproyl group 
2.02 


t 7.0 


2.20 
m 


m 


C-2 isobutyryl group 


Aromatic (benzene) 
7.88 and 7.55 


N-Isoprop yi 
d 5.0 


1.24 


a s - singlet, d = doublet, m = multiplet. and t = triplet. 


dihydrochloride by dissolving it in 25 ml. of methanol and adding 5 
ml. of 6 N HCI. The resulting solution was evaporated to dryness 
and the residue was recrystallized from absolute ethanokthyl 
acetate. yielding 1.23 g.. ma. 195-197" [lit. ma. 197-199" (14) _ .  - 
and 19S-196" (is)]. 
C. 42.71: H. 7.74: N. 18.61. 


Anaf.-Calc. for GHIKLN,: C, 42.49; H, 7.58; N, 18.58. Found: 


~N-Isopropyl-N&&erylb&tamiw (V)-N-lsapropylhistamine 
(0.82 g.) and isovaleric anhydride (2 g.) were gently refluxed for 4 
hr. When cool, several drops of water were added to the reaction 
mixture, which was then condensed on a steam bath to a syrupy 
residue. This residue could not be induced to crystallize. As a con- 
sequence, the picrate derivative was formed by dissolving the 
residue in 2 ml. of ethanol and adding 10 ml. of a saturated solution 
of picric acid in ethanol. The crystalline picrate derivative was 
filtered and recrystallized from water, yielding 817 mg., m.p. 145'; 
IR (amide) 1640 cm.-l. 


Found: C, 48.89; H, 5.63; N, 18.25. 
Mdazob4(S)-fonnaldyde-Hydroxymethylimidazok (1 3 g.) 


(8,9) and nitric acid (19 ml.) were digested in a covered beaker on a 
steam bath until the evolution of brown fumes was almost complete. 
The cover was then removed and the liquid was evaporated to 
dryness. 
This residue was dissolved in a warm concentrated solution 


of sodium carbonate and kept at room temperature for 24 hr., at 
which time the insoluble imidazole4(5)-formaldehyde was filtered 


And.--Calc. for CisHiaNa: C, 48.92; H, 5.62; N, 18.02. 


R -m,- m*-N' 
N-NH 'Rl 


and dried. It was recrystallized from water, yielding 5.1 g., m.p. 
173-174" @it. (10) m.p. 170'1. 


MQzde4(5).fonnnldoxime-The above aldehyde (2.0 8.). 
hydroxylamine hydrochloride (1.4 g.), and sodium carbonate (1 .O 
8.) were dissolved in 10 ml. of water and the resulting solution was 
allowed to stand at room temperature for 24 hr., at which time the 
insoluble imidazole-4(5)-formaldoxime was filtered and dried. It 
was recrystallized from alcohol, yielding 1.8 g., m.p. 183" [lit. (1 I )  
m.p. 183-184'1. 


qS)-Amlnomethyllmide Mhydrochloride-A solution of 1.1 1 
g. of the above oxime in 80 ml. of methanol containing 0.05 mole 
of dry hydrogen chloride was hydrogenated at 15 Ib. pressure over 
5 palladium-oncharcoal. After Wmin., the mixturewas filtered and 
the filtrate was evaporated to dryness. The residue was recrystallized 
from methanol-water to give 1.20 g. of 4(5>aminomethylimidale 
dihydrochloride, m.p. 238-241' [lit. m.p. 246-247" (12) and 244" 
(1311. 


4 ( 5 ) - " - h v P l e r y l y l ] i m I ~ e  (VI)-The free base of 
the above amine (0.63 g.) and isovaleryl chloride (1.1 g.) were gently 
refluxed for 20 min. The. reaction mixture was then cooled, dis- 
solved in 10 ml. of 1 N HCI. and extracted three times with equal 
portions of ether. The aqueous solution was basified with concen- 
trated ammonium hydroxide to pH 9.0 and extracted with hot 
chloroform in a liquid-liquid extractor for 24 hr. The chloroform 
extract was dried over anhydrous sodium sulfate and evaporated to 
dryness. Crude VI was recrystallized from methanokther, yielding 
0.61 g., m.p. 117"; IR (amide) 1630~m.-~.  


And.-Calc. for CoHlsN&: C, 59.64; H, 8.34; N, 23.19. Found: 
C, 59.45; H, 8.37; N, 23.23. 


Reparption of Lsbeled Rocursors-Isovaleric acid (carboxyl- 
%), isocaproic acid ( ~ a r b o x y l - ~ ~ c ) ,  isobutyric acid (~arboxyl-~'c), 
and benzoic acid (carboxyl-W) were purchased from commercial 
source. 


4(5~Aminomethylimidale (ring-2-W) was prepared by the 
method of Pyman (13,16). This synthesis was initially accomplished 
using nonradioactive material. The product displayed an IR spec- 
trum identical with that of 4(5~aminornethylimidole dihydro- 
chloride and showed no melting-point depression when mixed with 
authentic 4(5>aminomethylimidazole dihydrochloride. Diamino- 
acetone dihydrochloride (100 mg.) was added to a hot solution of 
66 mg. of potassium thiocyanate-14C in 0.2 ml. of water, and the 
mixture was heated on a steam bath for 30 min. The resulting crys- 
talline product was filtered, added to 5 ml. of hot water, and filtered 
again. 
The filtrate was added to 900 mg. of ferric chloride in 10 ml. 


of water, and the mixture was digested for 30 min. on the steam 
bath. Three milliliters of 10% aqueous sodium carbonate was added, 
followed by a hot solution of 400 mg. of picric acid in 10 ml. of 
boiling water. The mixture was boiled with a little charcoal and 
Altered. On cooling. 96 mg. of ~ S ~ m i n 0 m e ~ y I i m i ~ l e - 2 - ~ ~  
(ring) dipicrate separated, m.p. 210-212" [lit. (16) m.p. 2129. 
The dihydrochloride was prepared by treating the picrate with 5 


ml. of 6 N HCI. removing the picric acid with four successive 5-ml. 
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portions of benzene, evaporating the acidic aqueous solution to 
dryness, and recrystallizing the residue from methanol-writer, 
yielding 22 mg., m.p. 241-243". 


Plants-Living plants of D. sphaericaa were maintained in a 
controlled environment lab to provide optimal light, temperature, 
and humidity (17, 18). 


Administrntion of Test Compounds-All precursors, with the 
exception of benzoic acid, were dissolved in 1 ml. of sterile water 
and slowly injected, by means of a 1.0-ml. sterile disposable syringe 
and a sterile 26-gauge, 1.3xm. (0.5-in.), hypodermic needle, into 
the fleshy roots of 10 plants. The benzoic acid was dissolved in 1 ml. 
of 0.05 N NaOH and similarly injected into 10 plants. Nonradio- 
active N-isopropylhistainine was introduced simultaneously with 
isovaleric acid-I-W (sodium salt). After each ~ e c t i o n ,  the needle 
was left in place for a minute to allow the solution to disperse.. 
Following this procedure, the plants were carefully repotted, wat- 
ered, and returned to the environment lab. 


Isolation of Aberrant Alkaloids-Three weeks after the injection 
of the labeled precursors, the plants were removed from the con- 
trolled environment lab and sliced, dried in an oven at 45" for % 
hr., and ground. In each case, 500 mg. of the appropriate, non- 
radioactive dolichotheline analog was added to the ground mate- 
rial. The method used for the extraction and isolation of dolichothe- 
line and its unnatural analogs was identical to that previously 
described for the isolation of dolichotheline (19). Any radioactivity 
residing in the unnatural analog was monitored using TLC and 
radiochromatogram scanning. When the analog was devoid of 
activity, no further work was attempted. On the other hand, when 
the analog did contain radioactivity, it was separated from dolicho- 
theline by preparative TLC. 


Separation of III from Dolicbotbelh-A mixture (600 me.) of 111 
and dolichotheline was dissolved in a small volume of methanol 
and applied (100 mg./plate) to a 2-mm. layer of silica gel GFSS,, 20 X 
#)cm. plates. The plates were then subjected to multiple develop- 
ment (three times) using benzene-methanol-chloroform-concen- 
trated ammonium hydroxide (3: 1 :6:0.1) as the solvent system. 
The solvent was allowed to migrate to 2 cm. from the top edge of 
the plate, and the plate was carefully dried each time upon removal 
from the developing chamber. The Rf value for dolichotheline was 
0.20; for 111, it was 0.28. The area corresponding to 111 on each 
plate was carefully scraped off. and the silica gel was eluted with 
three 100-ml. portions of methanol. The eluant was filtered and 
evaporated to dryness. The residue was dissolved in 100 ml. of hot 
chloroform, which was then dried over anhydrous sodium sulfate, 
filtered, and reduced to dryness to yield N-isocaproylhistamine, 273 
mg., m.p. 136137'. 


Separation of VI from IhAi&tf~lh-A mixture (300 mg.) of VI 
artd dolichotheline was separated by a method similar to that em- 
ployed for the separation of I11 and dolichotheline. The preparative 
plates in this case were developed three times using chloroform- 
ethanol-1 N HCI (8:2:0.1) as the solvent system. The Rf for doli- 
chotheline was 0.39; for VI, it tvas 0.55. The silica gel scraped 
off the plates was extracted with three 100-ml. portions of meth- 
anol. The methanol extract was reduced to dryness and dissolved in 
15 ml. of water; the pH was adjusted to 9.5 with concentrated 
ammonium hydroxide, and the solution was extracted with hot 
chloroform in a liquid-liquid extractor for 24 hr. The chloroform 
extrect was dried over anhydrous sodium sulfate and evaporated 
toyield113mg.ofVI.m.p. 115-116'. 
N-Isoenproylhistamine Picrate-111 (100 me.) was dissolved in 1 


ml. of ethanol, 1 ml. of a saturated solution of picric acid in ethanol 
was added, and the mixture was stirred with a glass rod. The re- 
sulting yellow crystals were filtered and washed with a few drops of 
water. The picrate was recrystallized from water, yielding 82 mg., 
m.p. 138'. 


Anal.-Cak. for Ci,H=N&: C, 46.57; H, 5.06; N, 19.17. 
Found: C,46.50; H, 5.11; N, 19.29. 
Using an identical procedure, 20 mg. of radioactive I11 was reacted 


with picric acid to yield 13 mg. of N-isocaproylhist8mhe picrate, 
m.p. 137-138". 


4 ( 5 ~ N - I s o ~ I a m i n o m e t h y I ~ ~  P i c r a ~ T h e  amide (100 
mg.) was dissolved in 1 ml. of ethanol, and 1 ml. of a saturated 


*.Purchased from. El Pas0 Cactus Gardens, Anthony, N. M.-Tex. 
Livmq voucher apeamens are on deposit at the Uruveruty of Michlpan 
Botanical Gardens, Ann Arbor. Mi&. 
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Scheme I-Degradation of VI 


solution of picric acid in ethanol was added. The resulting yellow 
crystals were filtered and rinsed with a few drops of water. This 
picrate derivative was recrystallized from water, yielding 79 mg., 
map. 171 '. 


Anal.-Calc. for Cldl18N&: C, 43.90; H, 4.42; N, 20.48. 
Found: C.43.69; H,4.38; N.20.41. 
Us@ the above prwdure,  20 mg. of the separated radioactive 


amide was reacted with picric acid to obtain the picrate derivative, 
I5  mg. m.p. 170-171". 
Degradation of VI (scheme I F T h e  amide (190 mg.) was added 


to a cold solution of 1 g. of sodium hydroxide in 5 ml. of water. 
This was followed by the addition of 0.5 ml. of benzoyl chloride and 
2 drops of benzene. The mixture was stirred vigorously for 2 hr. 
with cooling, after which the solid product was filtered. washed with 
a little water, and dried. The 1,2-dibenzoylamino-3-isovaleryl- 
aminopropene-1 was recrystallized from ethanol-water, yielding 
170mg., m.p. 205". 


A n a l . 4 ~ .  for C ~ H Z ~ N ~ O , :  C, 69.64; H. 6.64; N, 11.07. 
Found: C, 69.46; H, 6.58; N, 11.19. 


Using an identical procedure, 40 mg. of the separated radioactive 
amide was reacted with benzoyl chloride to yield 21 mg. of 1,2- 
dibenzoyIamino-3-isovalerylaminoprope~-l, m.p. 204-205 ". 
Degradation of III (Seaene 11)-111 was hydrolyzed with 10% 


HCI, and the resulting histamine and isocaproate were recovered 
as the dihydrochloride and sodium salts. respectively. by identical 
procedures described for the hydrolysis of dolichotheline (6). The 
sodium isocaproate was further degraded by means of a Schmidt de- 
carboxylation essentially as described by Phares (20). The sodium 
isocaproate and sodium chloride mixture (300 mg.) was dissolved 


/ 


*a '% 


Scheme 11- Degradation of I l l  


CH3 
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Table II--"C-Labeled Precursors Tested 


Specific Activity, 
Precursor Position of Label mc./mM 


Isocaproic acid 1-"C 2 .1  


Isobutync acid 1 J C  30.0 
(sodjum salt) 


Benzoic acid Carboxyl- 1 C 2.65 
4(5)-Aminomethyl- 2-IC (ring) 0 . 7 0  


imidazole dihydr.ochloride 
N-Isopropyhstarmne 


and isovaleric acid I-"C 2 . 0  
(sodium salt) 


(sodium *t) 


Percent Injected 
Activity Recovered 
as Dolichotheline 


Amount Injected, f i  Analog 


300 


212 


179 
75.5 


0 .81  
- 


- 
1.27 


70.5 - 


Table I I I 4 m p o u n d  111 Obtained from lsocaproic Acid-1J'CInjected Plants 


Reference Mixid Specific Activity, 
Compound Yield, mg. Melting Point Melting Point Melting point d.p.m./mM 


137-138" - 2.44 x 104 
- 2.44 x lo" 


111 (crude) 273 136-1 37 " 
111 recrystallized one time 246 137-1 38 " 137-138" 
111 recrvstallized two times 208 137-138' 137-138" 137-1 38" 2.45 X 1 0 6  _ _  _ - _  - .- ,. - -  .. _._ 


III picrite 13 137-138" 138" 137-138" 2.27 X 10' 


Isoamylphenylhourea 19 100-101" 102" 101-102" 0.019 X 10' 
Histamine dihydrochloride 53 239-243 " 243-246" 242-244 " 0.002 x 106 


in cold 100% sulfuric acid (3 ml.) in a 25-ml. pear-shaped flask, and 
powdered sodium azide (250 mg.) was added in small amounts, with 
shaking, to the chilled solution. The flask was immediately con- 
nected to two bead towers in series, the first containing 10 ml. of 
5 potassium pexmanganate in 1 N HIS04 and the second contain- 
ing 10 ml. of 1 N carbon dioxide-free sodium hydroxide. A slow 
stream of carbon dioxide-free air was drawn through the solution 
while the flask was heated to 60-65" for 7 hr. The bead tower con- 
taining the sodium hydroxide was then washed down with carbon 
dioxide-free water, and 2 ml. of a saturated solution of barium 
chloride was added. The resulting precipitate was centrifuged and 
the supernate was decanted. The barium carbonate was resuspended 
in water and again centrifuged. This process was repeated with 
ethanol and the carbonate was finally dried in a desiccator. 


To recover the isoamylamine, the contents of the reaction flask 
were basified to pH 12 with 20% sodium hydroxide and the isoamyl- 
amine was extracted three times with equal portions of ether. The 
isoamylamine was then reacted with phenylisothiocyanate to form 
isoamylphenylthiourea (21 ). 


Radioactive Assay-The method employed for the preparation 
of samples for scintillation counting was described previously (17, 
18). The aberrant products were recrystallized to constant specific 
activity, and the single derivative of each product was also counted 
as a check of the radiopurity. The two degradation products were 
assayed to localize the label. The barium carbonate (0.5 mg.) was 
assayed as a suspension in scintillation fluid containing a thixo- 
tropic gel' ( 5  g./IOOO ml. of scintillation cocktail). All samples were 
counted in a liquid scintillation systems at a preset 20 statistical 
counting error of 1 %. The external standard ratio method was used 
to determine losses due to quenching. All counts were corrected for 
counter efficiency. 


RESULTS AND DISCUSSION 


The data obtained from the in oioo studies on the production of 
aberrant alkaloids are summarized in Tables 11-IV. They indicate 
that isocaproic acid and 4(5)-aminomethylimidale can serve as 
precursors of a h r a n t  alkaloids in D.  sphaerica. The data also show 
that isobutyric acid. benzoic acid, and N-isopropylhistamine do not 
serve as precursors of their corresponding dolichotheline analogs. 


When 111 obtained from plants injected with isocaproic acid-l- 
I4C was hydrolyzed, the activity resided in the isocaproate portion 


4 Cab-0-Sil. 
6 Beckman LS-1 SO. 
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of the molecule. Decarboxylation by the Schmidt reaction provided 
carbonate which contained greater than 98 % of the activity present 
in the sodium isocaproate. The remaining isoamylamine, isolated 
as isoamylphenylthiourea, was essentially inactive. 


The plants injected with 4(5)-aminomethylimidazole (ring-2-W) 
yielded VI which, when benzoylated, yielded nearly innctive 1,2- 
dibenzoylamino-3-isovalerylaminopropene-l . This degradation 
demonstrated that greater t h h  98% of the activity resided in the 
expected position. 


Calculations of percent iiijected activity recovered as dolichothe- 
line analog are based on the 500 mg. of the analog added as carrier. 
Since the actual amount of analog formed is less than 1 mg., the 
error made in calculating percent incorporation based on a total 
yield of 500 mg. is very small. 


Of the five unnatural precursors tested, only two, isocaproic acid 
and 4(5)-aminomethylimidazole, were incorporated into unnatural 
or abwrant alkaloids. With respect to the specificity of the enzymes 
involved, it appears that the activating enzyme(s) is capahle of 
activating isocaproic acid, the higher homolog of isovaleric acid, to 
isocaproyl-CoA. In addition, the condensing enzyme can utilize the 
isocaproyl-CoA as a substrate and bind it to histamine in amide 
linkage. Furthermore, this condensing enzyme can form an amide 
bond between isovaleryl-CoA and a compound with. an amino- 
methyl side chain at the 4(5>position of the imidazole nucleus in 
addition to aminoethyl side chain. 


in 111 and 1.27% in 
VI) are reasonable because 4(5)-aminomethylimidle occupies a 
more proximal position to the final biosynthetic step than iso- 
caprgic acid, which must first be activated to isocaproyl-CoA. 
However, the differences may also be due to differences in in oioo 
metabolism of the two precursors, although such metabolic differ- 
ences are probably of little significance in this case. 


The positive result obtained from the isocaproic acid experiment 
makes it seem surprising that isobutyric acid was not utilized as a 
precursor of its corresponding dolichotheline analog. This failure 
may be attributed to the specificity of the enzymes involved. How- 
ever, a more plausible explanation is that isobutyric acid was acti- 
vated to isobutyryl-CoA, a naturally occurring intermediate in the 
catabolism of valine (22), and then was further metabolized along 
the normal pathway for valine degradation, 


In the animal body, benzoic acid is activated to benzoyl-CoA, 
which is then condensed with glycine to form hippuric acid (23-25). 
These reactions may be analogous to the activation of isovaleric 
acid to isovaleryl-CoA and the subsequent condensation of the 
latter with histamine. It was reasonable to assume that the benzoic 
acid injected into D.  sphaerica would result in the benzoylation of 


The differences in the incorporation (0.81 







Table IV-Compound VI Obtained from 4(5>Aminomahylimid~le2-~4~nng>Injected plants 


Compound Yield, m g  Melting Point 


VI (crude) 
VI recrystallized one time 
VI recrystallized two times 
VI picrate 
1,2-Dibenzoylamino- 


3-isovaler ylamino- 
propene-1 


113 115-1 16' 
91 1 1 6 1  17" 
60 1 1 6 1  17" 
15 170-171 ' 
21 204-205 " 


Reference Mixed Specific Activity, 
Melting Point Melting Point d.p.m./mM 


7.72 X 106 
7.70 X 1W 


- 
- 117' 


117' 
117' 116117" 7.79 x 106 
170' 170-171' 7.73 x 106 
205 " 204-205 ' 0.10 x 106 


histamine. This expected formation of IV did not take place, possi- 
bly because of enzyme specificity and/or in vivo metabolism of the 
benzoic acid. 
The remaining unnatural precursor, N-isopropylhistamine, also 


did not yield the expected dolichotheline analog. Perhaps the speci- 
ficity of the condensing enzyme is such that it requires a primary 
amine rather than a secondary amine to be present in the histamine 
side chain in order to form the amide linkage. 


These investigations with unnatural precursors are attempts to 
prepare aberrant dolichotheline analogs in the hope that these 
model techniques can be applied in the preparation of analogs of 
biologically active natural products that are difficult to synthesize. 
Furthermore, this work is an in vim approach to the study of the 
specificity of the enzyme system that catalyzes the condensation of 
isovaleric acid and histamine. In this respect, the present experi- 
ments not only show that this enzyme system is not completely 
specific but also partially defines the specificity. Finally, the ex- 
periments provide additional support for the hypothesized final 
step in the biosynthesis of dolichotheline. 
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BOOKS 


REVIEWS 


USAN 10 and the USP Dictionary of Drug Names. Published for the 
USAN Council by the U. S. Pharmacopeial Convention, Inc., 
Rockville, MD 20852, 1972. xii + 200 pp. 50 X 60 cm. Rice 
$15.00. 
If tht USP officials had resisted the temptation to project a bit of 


chauvinism in their new title to this publication, it would be hard to 
fault the new edition. Indeed, it has much more information, pre- 
sented in a larger and more convenient page size. than ever before. 
Moreover, the thought and editorial care devoted to organizing and 
providing a considerable amount of diverse factual information in 
aconcise yet readilycomprehensible format areimmediately apparent 
to the reader. 


There also is every reason to expect that the accuracy of the tech- 
nical content will merit the reader’s confidence. Although we are 
aware that past USAN booklets published by the USPC have taken 
certain liberties with the”official” USAN lists as they haw emanated 
from the USAN office, the extent of such editorial license in the 
present volume can only be assessed after considerable use. and close 
review. Furthermore, the matter of compiling completely accurate 
information *of this nature in a uniform format presents so many 
difficulties and complications that few if any other drug name dic- 
tionaries could even approach the apparent completeness and re- 
liability of this Current volume 


Moreover, there are other good features which add to the general 
usefulness of the volume. For example, we were pleased to note that 
a listing of pertinent Chemical Abstracts Service Registry Numbers 
is included for the first time, and that the Molecular Formula cross- 
listhg to corresponding USAN names has been reinstated after a 
brief absence. This latter feature-which comprises Appendix II- 
provides the only means of locating a name for a compound when 
structure, formula, or composition is known rather than the reverse 
situation (i.e., having a USAN or other coined drug name which 
one wishes to identify further). 
So much for the generally fine content of the compilation. Let us 


now return to our opening comment concerning the overly promi- 
nent mention of one of the cosponsoring organizations in what is 
essentially the collaborative work of three organizations plus the 
Food and Drug Administration. The USAN program has indeed 
been a success. On its fifth anniversary we saluted the project with 
our editorial “Drug Names-A Semblence of Order” which ap- 
peared in the June 1966 issue of this Journal. Undoubtedly, much of 
the reason for the success has been due to two factors: (a) the sub- 
merging of individual sponsor identification in the interest of the 
mitied joint effort and (b) the excellent administration and guidance 
of the operation by the USAN office staff. 


The present volume’s title obviously flies in the face of the unity 
theme. In searching for an explanation, we perused the Foreword to 
the book, and noted the proud boast that: “Unanimous approval 
of the new format was expressed by members of the USAN 
Council.” However, we learned that, through a purpqrted USPC 
oversight, the USAN Council members were neither informed 
nor polled concerning the change in title of the publication! 


In the Foreward we also noted the justly deserved accolades ac- 
corded two of the charter members of the USAN Council. But what 
does the Foreword say about the real workhorse, Dr. Joseph B. 
Jerome, who has been the full-time USAN Council Secretary and 
director of the program since its inception in 1961 ? In a word, 
nothing. This silence is strange and puzzling. Unless it was a careless 
oversight on the part of the USP Executive Director, this silence 
reflects either a naive understanding of the complex USAN opera- 
tion and the critical contribution made by the USAN Secretary and 
his staff or, even more disturbing, it suggests a purposeful tipping 
of the scales in some self-serving, status-seeking effort. 


Staff Review W 


Pbannacognosy, loth Edition. By G. E. TREASE and W. C. EVANS. 
Williams & Wilkins, Baltimore, MD 21202, 1971. viii + 795 pp. 
14.5 X 23 cm. Price $23.00. 


This pharmacognosy text is an improved revision of the previous 
edition. Although the format and intended readership have not been 
altered, certain chapters and parts have been rearranged to give 
better continuity in the presentation of the subjects. 


The book is divided into nine parts with the parts concerning the 
introduction to pharmacognosy , plant morphology, plant taxon- 
omy, plant cultivation, and microscopic techniques remaining es- 
sentially unchanged. The general discussions on phytochemistry are 
augmented by the addition of brief accounts on cytostatic agents, 
hallucinogens, allergens, and insecticides; the text is strengthened by 
the updated revision of the biosynthesis of secondary metabolites, 
the addition of a concise discussion on the difficult subject of chemo- 
taxonomy, and the inclusion of the phytochemical Appendix listing 
selected Chemical Abs/rac/s citations from January 1966 to Decem- 
ber 1970. 


The most objectionable portions of the text to this reviewer are 
the parts dealing with the individual drugs, which remained funda- 
mentally descriptive. In areas of the world where crude drugs are 
still used extensively, this book can be a very valuable text. In the 
United States. however, the phytochemical and biological aspects of 
natural drugs are more important since our pharmaceutical practices 
involve minimal contact with crude drugs. The value of this text is, 
therefore, limited in the United States. It  should be noted, however, 
that the authors have added some phytochemical data to discussions 
concerning certain of the plant families. Unfortunately, the authors 
did not attempt any correlation of chemical data with the biological 
effects of the drug plant constituents within these taxa. Another 
disturbing feature of this text is the need of the reader to make fre- 
quent cross-references between the families and drugs in Part 7 and 
the appropriate chapters in other parts of the book for chemical 
structure and other data, which renders the book less than ideal as a 
text for students. 


Although this reviewer does not recommend this book as a student 
text, he does recornmend its addition to college of pharmacy li- 
braries. 


Reoiewed by Harry H. S. Fong 
University of Illinois 


Chicago, IL 60680 W 
ar rhe Medical Center 


k m  BiostntistiCt3. An Introduction to Statistics With A p p h -  
tiom in Biology and Medicine. By D. COLQUHOUN. Clarendon 
Press (Oxford University), 16-00 Pollitt Drive, Fair Lawn, NJ 
07410, 1971. xviii + 425 pp. 15.5 x 23 cm. Price 511.50 paper- 
back; f17.75 cloth bound. 
“Most people need all thehelp they can get topreventthem making 


fools of themselves by claiming that their favorite theory is sub- 
stantiated by observations which do nothing of the sort.” The 
author’s thesis is that most statistical treatment of experimental data 
is carried out with little thought, if any, being given to the validity of 
assumptions concerning the distribution of the observations which 
underlie parametric tests, and that a more “critical way of thinking 
about experimentation” is urgently needed when measuring “ab- 
stract quantities such as pain, intelligence and purity in heart.” 


The book has 14 chapters, two appendixes, and an eight-page 
index. h i d e  the back cover is a quick guide to significance tests 
applicable to various types of measurements, e.g., classification, 
ranked, or numerical. An index of symbols in the beginning of the 
book covers four pages and is quite complete if somewhat lengthy. 
The author includes here notation not familiar to this reviewer, 
e.g., script Roman letters for population and parameter estimates. 
On the other hand, the more familiar e (epsilon), designating raib 
dom error, and p (rho) for the population correlation coefficient are 
not used. 


Chapters 1-4 covering basic statistical concepts. fundamental 
operations, and theoretical distributions are quite conventional. 


Chapters 6-11 deal with significance tests, confidence limits, 
classification measurements, numerical and rank measurements, and 
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the analysis of variance. Heavy emphasis is given to nonparametric 
procedures. 


The “Black Magic Assay of Purity in Heart” used to illustrate 
binomial sampling is an example of whimsical but dective treat- 
ment of a number of topics. The most valuable part of the book, 
from the standpoint of biomedical research, is the three chapters 
bringing together the relationship between two variables and cor- 
relation, as well as assays and calibration curves. Illustrations of the 
individual effective dose, direct assays, all-or-none responses, and 
the probit transformation conclude the book. 


The two appendixes develop more rigorously some of the mathe- 
matical concepts outlined in earlier chapters. An example of this is a 
”stochastic view of the adsorption of molecules from solution.” 


A unique feature of the book is the extensive cross-referencing to 
related topics in other parts of the book which is very good even if it 
may sometimes interfere with the reader’s train of thought. The text 
is remarkably free from typographical errors. While this reviewer 
did not check out all of the computation in the numerous examples, 
it does seem to be in order. 


With the increasing emphasis on bioavailability studies found 
today, this book is certainly to be recommended to students in 
biology, pharmacy, and medicine as an introduction to the correct 
application of statistical concepts and techniques to their chosen 
field of efIort. 


Reaiewed by H. Latham Breunig 
Eli filly and Company 
Indianapolis, IN 46206 8 


Ups and Do-, Dhgging and Duplng. By J. RICE, M.D. Macmillan, 
866 Third Ave., New York, NY 10022, 1972. 214 pp. 13.5 X 21 
cm. Price S5.95. 
As another book on drug abuse, this publication has more to com- 


mend it to the lay reader than many others. It is readable; reason- 
ably comprehensive, covering not only commonly abused drugs but 
also over-the-counter products, alcohol, and nicotine; and well 
documented. This book is not intended for the technical reader; 
however, it does present good and understandable summaries of 
research efforts in certain areas. 


Staff Reoiew 8 


Opiates and Their Al(enrates for Pain and Coup$ Relief. Report of a 
WHO Sdentiflc Group. World Health Organization Technical 
Report Series. World Health Organization, Geneva, Switzerland 
(available from American Public Health Association, Inc., 1015 
18th St., NW, Washington, DC 20036), 1972. 30 pp. 16 X 24 
cm. Price $0.75. 
This report considers marketed drugs that have already been 


evaluated objectively by controlled clinical trials and subjected to 
clinical scrutiny. Effectiveness for relief of mild-to-severe pain uses 


morphine as the reference; cough relief &ectiveness is related to 
codeine. Psychic or physical dependence and tolerance capacities are 
discussed. 


StaffReview 8 


Chemist and Druggh Directory 1972 and Tablet & Capsule I-- 
catfaa Guide. Berm Brothers Limited, Bouverie House, 154 Fleet 
Street, London, EC4 2DL. England, 1972.332 pp. 20.5 X 28 cm. 
Price 56.00. 
This publication is a useful reference for information on British 


drug products and related pharmaceutical organizations, facilities, 
laws, services, and miscellaneous information. It is thumbtabbed 
into 10 sections to facilitate use. 


Staff Review 8 


NOTICES 


Respiratory Tmct Fluid. By ELWN M. BOYD. Charles C Thomas, 
301-327 East Lawrence Ave., Springfield, IL 62703, 1972. 321 
pp. 14.5 X 23cm.PriceS11.00. 


Marine Chemistry, Volume I-Analytical Methods. By DEAN F. 
MARTIN. Dekker, Inc., 95 Madison Ave., New York, NY 10016, 
1972.389 pp. 15 X 23 cm. Price 59.50. 


ktude Analytique de D&i& Fluoris, Applications a L‘Analyse 
Pharmaceutique. By M.  HA^. Editions Arscia S. A,, Rue de 
1’Etuve 60, lo00 Brwelles, 1972. 241 pp. 16 X 24 cm. Price 
490 fr . (French) 


Meningeal Leukemia. By L. E. BRODER and S. K. CARTER. Plenum, 
227 W. 17th St., New York, NY 10011. 1972. 132 pp. 16 X 25 
cm. PriceS14.50. 


Pharmacology and Toxicology of Naturally-Occurring Toxins, 
Section 71, Volume II ,  International Encyclopedia of Pharmacology 
and Therapeutics. Edited by HELENA RASKOVA. Sponsored by the 
International Union of Pharmacology. Pergamon Press, Inc.. 
Maxwell House, Fairview Park, Elmsford, NY 10523, 1972. 
299 pp. 15 X 23 cm. Price $21 .00. 


Synthetic Methods of Organic Chemistry, Vol. 26, Yearbook 1972. 
Edited by WILLIAM THEILHEIHER. Available from U.S. representa- 
tive of S. Katger, P. 0. Box 352, White Plains, NY 10602, 1972. 
xvi + 576 pp. 15 X 23 cm. Price 579.80. 


Lipidr, Malnutrition and the Developing Brain. A Ciba Foundation 
Symposium. American Elsevier, Inc., 52 Vanderbilt Ave., New 
York, NY 10017,1972.326pp. 16 X 24cm. 


Peptide Transport in Bacteria and Mammalian Gut. A Ciba Founda- 
tion Symposium. American Elsevier, Inc., 52 Vanderbilt Ave.. 
New York, NY 10017,1972.161 pp. 16 x 24 cm. 
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Biosynthesis of Deuterated Benzylpenicillins 111: 
Relative Antibiotic Potency of Highly Deuterated Benzylpenicillin 


BRUCE C. CARLSTEDT*, HENRY L. CRESPI, MARTIN I. BLAKE', and JOSEPH J. KATZ 


Abstract 0 The relative adtibiotic potency of a highly deuterated 
benzylpenicillin and lH-benzylpenicillin was compared using the 
official cupplate bioassay, with Sarcina Iutea as the test organism. 
A relative potency (H/D) of 1.23 was obtained. Although the 
penicillin analogs act by the same mechanism, deuterium appar- 
ently affects the potency in an adverse way. 


Keyphrases 0 benzylpenicillin, highly deuterated-potency com- 
pared to nondeuterated benzylpenicillin, cupplate bioassay, 
Sarcina lurea 0 Penicillin analogs--effect of high deuteration on 
potency of benzylpenicillin 0 Antibiotics-potency of highly 
deuterated benzylpenicillin, compared to lH-benzylpenicillin 0 
Deuteration-effect on potency of benzylpenicillin 


The participation of solvent deuterium oxide in the 
biosynthesis of benzylpenicillin (1) and the isolation and 
characterization of a highly deuterated benzylpenicillin 
have been reported (2). Proton magnetic resonance 
spectra revealed an average replacement of 89% of the 
protons ('H) with deuterium (*H) atoms. Complete 
replacement by 2H is observed in the phenylacetyl 
group, the C-3 position of the thiazolidine ring, and the 
C-6 position of the j3-lactam ring. Partial substitution is 
noted i n  the C-5 position of the j3-lactam ring (64%) and 
in the methyl groups (77z) at the C-2 position of the 
thiazolidine ring. 


In the present study, the relative antibiotic potency of 
this highly deuterated benzylpenicillin and 'H-benzyl- 
penicillin is compared. 


EXPERIMENTAL 


Highly Deuterated Benzylpenicillin-Isolation, identification, 
and chatacterization of a highly deuterated benzylpenicillin was 
described earlier (2). 


Assay-USP XVII (3) describes a relative potency assay which 
is useful for determining benzylpenicillin activity as compared to a 
standard. The cup-plate bioassay, involving Surcina lurea (ATCC 
9341) as the test organism (I) ,  was used for this study. Penicillin 
concentrations are expressed in moles rather than in units per milli- 


liter or milligrams per milliliter. Expression of the concentrations 
on a weight basis would introduce a factor involving the dilrerence 
in molecular weights and would influence the slope in a dose- 
response relationship (4). 


RESULTS AND DISCUSSION 


Figure 1 shows the regression lines calculated for highly dcuter- 
ated potassium benzylpenicillin (D) and potassium IH-benzylpeni- 
cillin (H) when the results of the assay were represented as inhibition 
zone diameters (millimeters) on the Y-axis (random variable) and 
the antibiotic concentration was expressed as log moles X loi1 on 
the X-axis. The statistical methods used by Laskar and Mrtek (4) 
for their comparisons were utilized here, and a summary of the 
results is presented in Table 1. There was an observed difference in 
the regression coefficients for the two penicillins, and it was neces- 
sary to test the significance. The null hypothesis stated that there was 
no difference between the slopes of the lines. The results of the slope 
test were that r = 0.1625 (76 c / / )  (not significant), the null hypothe- 
sis was accepted, and the parallelism of the slopes was retained. A 
further test on the regression lines must establish the fact that, 
although the lines were parallel, intercepts for the two lines were not 
identical. This test arises from the fact that the intercepts may de- 
scribe the same locus, and the null hypothesis then was that both 
regression lines describe the same locus. Application of an identity 
test reveals that r = 12.90(77 df) ( p  < 0.001)and the null hypothesis 
can be rejected, indicating that the lines are not identical. 


Horizontal displacement may be used to give the relative potency 
of the lH- and highly deuterated benzylpenicillins. This calculation 
revealed a relative potency (H/D) of 1.23 (95% confidence interval, 
1.20-1.26) and indicated that, although the analogs presumably 
work by the same mechanism of action, deuterium in  the molecule 
affected the potency adversely. Laskar and Mrtek (4) found a 
relative potency of 1.25 (H/D) for deuteriobenzyl-cl~penicillin; but a 
comparison, although tempting, between the results of these workers 
and the present study would be only cursory since two methods of 
assay (turbidimetric and cup plate, respectively), two organisms 
(Srrrphylococcus aureus and S. lureu, respectively), and two salts (N- 
ethylpiperidine and potassium, respectively) were used. 


Interpretation of Assay Results-A review of the effects of deu- 
terium on therapeutic compounds was presented by Katz and 
Crespi (5 ) .  Of particular interest are the effects of deuterium sub- 
stitution on the activity of other antibiotic compounds. Nona et al. 
(6) isolated *H-griseofulvin and evaluated its in oirro activity. The 
fully deuterated analog was found to be slightly more potent than 
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Figure &-Regression litres calculated for potassium lH-benzyl- 
penicillin ( H )  and highly deuteratedpotassium benzylpenicillin (D).  


LOG MOLES X 1011 


the protio analog, but no difference in activity was found between 
partially deuterated and IH-griseofulvins. Laskar and Mrtek (4) 
synthesized deuteriobenzyl-clrpenicillin and compared the biological 
activity of the N-ethylpiperidine salts of the protio- and deuterio- 
analogs; an H/D ratio of 1.25, indicatinga decrease in potency of the 
deuterio-analog, was observed. Kutter and Machleidt (7) prepared 
a-deuteriochloramphenicol and compared relative potencies 
against Escherichiu coli. A decreased activity of the deuterium- 
substituted antibiotic was reported. 


Penicillin acts by inhibiting cell wall formation, but the exact 
mechanism of this inhibition is not well understood. Although 
Collins and Richmond (8) showed a Similarity between N-acetyl- 
muramic acid and penicillin, Wise and Park (9) concluded that, 
since penicillin did not prevent formation of a polysaccharide back- 
bone in a staphylococcus in vi/ro system, the N-acetylmuramic acid 
component was not involved and that penicillin probably acted at 
the cross-linking level in mucopeptide synthesis. They showed that 
the penicillin molecule fits the active site of a hypothetical trans- 
peptidase. The &lactam ring of the penicillin molecule presumably 
reacts specifically with the enzyme, and inactivation of the enzyme 
results. Tipper and Strominger (10) further postulated that penicillin 
has a configuration like that which is normally at the end of the 
acetylmuramylpentapeptide fragment. When the penicillin is fixed to 
the substrate binding site of the transpeptidase, the 8-lactam ring 
opens and a penicilloyl enzyme, which is inactive, is formed. 
Penicillin has been shown (1 1) to be irreversibly bound to a “peni- 
cillin-binding component” of bacterial cell walls, and this compo- 
nent is presumably the enzyme transpeptidase. 


Elison el d. (12) reported that the substitution of *H for *H in the 
N-CH3 of morphine resulted in a weaker binding of the deuterio- 
analog to the N-demethylating enzyme. Hattori e/ al. (13) showed 
that the introduction of *H in nonexchangeable ‘H positions of 
protein phycocyanin appeared to decrease nonpolar side-chain 
interactions. Fisher and Jardetzky (14) and Katz and Crespi ( 5 )  
observed that the phenyl group was the portion of the benzylpeni- 
cillin molecule involved in binding to serum protein albumin. If the 
phenyl group assists in the binding of benzylpenicillin to the enzyme, 
a decrease in the binding strength of highly deuterated benzyl- 
penicillin when compared to IH-benzylpenicillin would be expected. 
The acylation of the highly deuterated benzylpenicillin to the 
enzyme would be slowed, resulting in a decreased potency of the 
highly deuterated benzylpenicillin. This result, taken with the 


Table I-Cakulation Results for Regression Analysis of JH- and 
Highly Deuterated Benzylpenicillin 


N 
ZY * 
ZX’ 
b,. (regression coefficient) 


(nonzero slope) P (log moles x 1011) p (mm.) 
Ybvr (regression line) 
SSdar. from turesmlon 


Protio 


40 
1279.519 
7.251 
10.838 
70.28 ( p  < 0.001) 
1.417 
22.% 
10.838X + 7.60 
3.99 


~ 


Highly muterated 


40 
1141.624 
7.246 
10.875 
107.36 (n < 0.0011 
1.473 
22.59 
10.87% + 6.57 
4.702 


result of Laskar and Mrtek (4), indicates that deuteration of any 
site of penicillin has only a small effect on the biological potency. 
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DRUG S T A N D A R D S  


UV Spectrophotometric Analysis of Aminobenzoic Acid Tablets 


W. LARRY PAUL 


Absbact 0 An accurate UV spectrophotometric procedure was 
developed for the assay of aminobenzoic acid tablets. The crushed 
tablet was treated with 95 ethanol, and this alcoholic solution 
was diluted with distilled water. The resulting solution was assayed 
by absorption spectroscopy. The reproducibility and short-time 
requirement of the assay suggest that such a UV spectrophotometric 
method should be considered as the official assay method for p 
aminobenzoic acid samples. 


Keyphrases 0 Aminobenzoic acid tablets-UV spectrophotometric 
analysis 0 UV spectrophotometry-analysis, aminobenzoic acid 
tablets 


An accurate analysis procedure for any pharmaceu- 
tical preparation is obviously a prerequisite before the 
preparation can be marketed. From the standpoint of 
industrial application, it is desirable that the analytical 
procedure be rapid and easily automated. 


It was decided to investigate the development of such 
an analytical procedure for aminobenzoic acid tablets 
for several reasons. First, the USP XVIII (1) assay proce- 
dure for p-aminobenzoic acid is time consuming be- 
cause it is based on the titration of a p-aminobenzoic 
acid-hydrochloric acid-ice solution with 0.1 M sodium 
nitrite until a blue color is produced immediately when 
a glass rod dipped in the solution is touched to starch 
iodide paper. This procedure is subject to variations 
between individuals in terms of deciding when the end- 
point is reached. 


Aminobenzoic acid tablets are sold over-the-counter 
as a B-complex factor in a number of health food stores. 
Based on the growing popularity of the health food diet, 
it was felt that the development of a faster assay pro- 
cedure and the analysis of several aminobenzoic acid 
tablets selected at random would yield valuable infor- 
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Figure 1-Plor of UV absorbance versus p-amitiobenzoic ucid 
(PABA) coticetirrutioii. 


mation concerning the potency of the health food 
ami nobenzoic acid formulati on. 


In addition to the official USP XVIII titration method 
for p-aminobenzoic acid analysis, numerous other titra- 
tion procedures have been reported (2-8). Other re- 
ported analytical procedures include reflectance spec- 
trometry (9), the Bratton-Marshall method (lo), di- 
azotization followed by coupling to acid (1 l), photo- 
colorimetry (12), microbiological methods (13), and co- 
precipitation by zinc ferrocyanide of procaine in a pro- 
caine-p-aminobenzoic acid mixture (14). Analytically 
useful fluorescence and phosphorescence signals have 
also been obtained for p-aminobenzoic acid (15). 


EXPERLMENTAL 


Materials-pAminobenzoic acid1 was used without further 
purification in preparing the standard solutions for the analytical 
curve. Two bottles of 100-mg. aminobenzoic acid tablets* were 
purchased from a local health food store. For the UV measure- 
ments, a grating spectr~photometer~ was used. 


Analytical Curve-Five samples of paminobenzoic acid with 
weights of 90.05, 95.00, 100.14, 105.05, and 110.03 mg. were 
weighed, and each sample was treated in the following manner. 
The sample was placed in a SO-ml. volumetric flask, and 50 ml. of 
95% ethanol was added. The solution was shaken and placed in 
an ultrasonic cleaner to ensure complete dissolution of the pamino- 
benzoic acid. 


Using a Lambda pipet, 0.1 ml. of the alcoholic stock solution was 
added to 50 ml. of distilled water in a volumetric flask. Four such 
solutions were prepared, and the absorbance at 268 nm. of each 
solution at ambient temperature was then recorded. The absorbance 
was plotted against the milligrams paminobenzoic acid in the 
original alcoholic stock solution. 


pAminobenzdc Add Isolation from Tablets-Each tablet was 
wrapped inside glassine weighing paper and then crushed. The 
powder was transferred to  a 50-ml. volumetric flask, and 50 ml. of 
95% ethanol was added, The solution was shaken, placed in the 
ultrasonic cleaner, and then filtered. Five 0.1-ml. aliquots were 
taken and each was added to 50 ml. of distilled water. The absorb- 
ance at 268 nm. was measured for each solution. 


RESULTS AND DISCUSSION 


To determine the limit of detection and to check Beer's law for 
the UV analysis, a series of paminobenzoic acid solutions, ranging 
from 1.2 X 10-0 to 6.04 X loMs M, was prepared. Figure 1 is a plot 
of absorbance uersus paminobenzoic acid concentration. The UV 
plot is linear over the range considered. The limit of detection for 
UV analysis is approximately 1.2 X 1 0 - 0  M. This is equivalent to a 
tablet containing 4.14 mg. of p-aminobenzoic acid. 


Table I summarim the data for the absorbance values of the 
analysis of 90-1 10 mg. paminobenzoic acid. This is in the range of 
the commercial tablets tested. 


1 Fisher Lot No. 280288. 
* Distributed by Radiance Products Co.. Alhambra, Calif. (Lot NOS. 


1337809 and 1347610). 
s Beckman BD-GT. 
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Table. I-UV Absorbance Data for Various Concentrations of pAminobenzoic Acid 


pAminobenzoic Acid 
pAminobenzoic Concentration in the UV Absorbance 


Solution Acid Initially Weighed, mg. Analyzed Solution, M (268 nm.) X f v  


A1 90.05 2.61 X 1W6 0.326 0.328 f 0.002 
A2 0.3710 
A3 
A4 
B1 
B2 
B3 
B4 


0.328 
0.329 


95.00 2.75 X lWs 0.359 
0.348 
0.350 
0.345 
0.378 
0.360 
0.359 
0.4100 
0.373 
0.376 
0.382 
0.43011 
0.400 
0.399 
0.393 
0.407 


0.350 f 0.006 


c1 
c2 c3 
c4 


100.14 2.91 X 10-’ 0.366 f 0.011 


D1 
D2 
D3 
D4 


105.05 3.05 X 10-6 0.377 f 0.005 


El 
E2 
E3 
E4 


110.3 3.19 X lWs 0.400 f 0.006 


0 Value excluded from data. 


Table II-UV Absorbance Readings and Milligrams pAminobenzoic Acid for the Two Lots of 
Aminobenzoic Acid Tablets Tested 


Average Average 
Mygrams Milligrams 


Average pAmnobenzoic pAminobenzoic 
Lot Tablet Absorbance f UQ Acid f ua Acid/Tablet/Lot 


1337809 1 
2 
3 
4b 
5 
1 
2 
3 
4 
P 


0.394 f 0.011 
0.379 f 0.014 


108.67 f 3.20 
104.26 f 4.02 


103.40 f 4.90 


0.383 f 0.011 
0.365 f 0.012 
0.357 f 0.007 


ios.38 f 3.22 
100.14 f 3.a 
97.93 f 1.98 


1347610 104.22 f 4.47 0.372 f 0.009 
0.372 f 0.009 
0.388 f 0.015 
0.395 f 0.007 
0.365 f 0.016b 


102.15 f 2.71 
102.21 f 2.60 
106.84 f 4.31 
io8.84 f 2129 
100.29 f 4.59 


0 Average of five determinations. b Average of four determinations. 


Five tablets from each of the two lots were analyzed, and five 
absorbance determinations were made on each tablet. These data 
are summarized in Table 11. The tablets from Lot No. 1337809 had 
an average value of 103.40 f 4.90 mg. paminobenzoic acid per 
tablet, while those from Lot No. 1347610 had an average value of 
104.22 f 4.47 mg. paminobenzoic acid per tablet. 


Statistical analysis of the data in Fig. 1 gave the following linear 
regression equation: 


Y = 0.114874X + 0.0136 (Eq. 1) 


The linear correlation coefficient is 0,999. The statistical analyses 
were performed on a calculator4 using standard programs. Statis- 
tical analysis of the regression data in Table I (UV absorbance 
uersus milligrams paminobenzoic acid initially weighed) gave the 
following linear regression equation: 


Y = 0.003408X + 0.023469 0%. 2) 


with a linear correlation coefficient of 0.971. 
Bssed on the fact that this is a completely randomized experiment 


with equal sample sizes, the statistical tests based on a nested 
classification of the hypotheses that the paminobenzoic acid con- 
tent in the two lots and among the individual tablets is equal is 
shown in Table 111. The ANOVA values were obtained from the 
fivep-aminobenzoic acid milligram values for each of the 10 tablets. 


Table III-ANOVA for the Assayed Weight of 
pAminobenzoic Acid 


source df ss MS F, calc. 


Lots 1 O.ooOo245 O.ooOo245 0.02 
Tablets/lot 8 0.0083615 0.0010452 4.64 
Determinations/ 40 0.0090040 0.0002251 - 
Total 49 114.24 - - tablet 


To test the hypothesis of equal paminobenzoic acid content be- 
tween the lots, F = 0.02. From the F-table (16). F&,,,,, = 5.32. 
Therefore, the hypothesis should be accepted. To test the hypothesis 
of equal paminobenzoic acid content among the tablets, F = 
4.64. From the F-table (16), F&o,,,8~ = 2.18. Therefore, the hy- 
pothesis should be rejected. 


The statistical analysis of the data shows that there is no signifi- 
cant variation between the two lots tested but that the variation 
among the tablets is significant. 


These results show that the UV method of analysis is applicable 
to aminobenzoic acid tablet analysis. This UV method is fast and 
accurate, and it offers a substantial improvement over the USP 
XVlII titration procedure. 
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Dimethylformamide Dimethylacetal as a Derivatizing Agent for 
GLC of Barbiturates and Related Compounds 
VINCENT S. VENTURELLA’, VITO M. GUALARIO, and R. E. LANG 


Abstract 0 Diniethylformamide dimethylacetal reacted quantita- 
tively and reproducibly with glutethimide, phenobarbital, hexo- 
barbital, secobarbital, amobarbital, aprobarbital. and pentobar- 
bital to form the corresponding acetals. The acetal derivative could 
be chromatographed easily on a 3 OV-17 CO~Umn using either 
isothermal or programmed conditions (for multiple separations), 
permitting the separation and determination of the compounds 
studied with good precision and speed. NMR evidence and mass 
fragmentography was used to confirm the structure of the deriva- 


tive. The glutethimide derivative was susceptible to solvent-induced 
reversibility. 


0 Dimethylformamide dimethylacetal-med as deriva- 
tizing agent for GLC of barbiturates, glutethimide 0 Barbiturates 
ALC analysis, dimethylformamide dimethylaceta1 as derivatizing 
agent 0 Glutethimide-GLC analysis. dimethylformamide di- 
methylacetal as derivatizing agent 0 GLC-analysis. barbiturates 
and glutethimide, dimethylformamide dimethylacetal as derivatiz- 
ing agent 


The vast use of the 5,5-disubstituted barbituric acid 
derivatives, glutethimide, and methyprylon as sedatives 
as well as the interest they have commanded in forensic 
science has led to numerous reports on the use of GLC 
as an analytical method for their determination (1-5). 
The most recent literature (1-3) relied on the formation 
of their N-methyl derivatives prior to GLC (2) or on 
in situ formation in the chromatograph injector port 
(1-3). The derivative was formed by the action of 


0 
Scheme I 


trimethylanilinium hydroxide, a reagent requiring a 
time-consuming synthesis1 (3). While the formation of 
the methylated compounds removed the disadvantages 
of adsorption, tailing, and column contamination 
previously experienced with GLC of the parent bar- 
biturates, most of the columns and conditions used did 
not remove the failure of baseline separation when 
chromatographing mixtures. 


The inadequacies prompted this laboratory to in- 
vestigate other derivative routes, which led to a study 
of the chromatographic behavior of the product of 
barbiturates with dimethylformamide dimethylacetal 
(I)*. 


Depending on the reacting compounds and con- 
ditions employed, dimethylformamide-dialkylacetals 
react to form either acetals with imides (6) or form- 
amidine derivatives with amides (7). Since I decomposes 
during the reaction to form both CH3f and OCHs-, 
either N-methylation or acetal formation with bar- 
biturates was seemingly possible. The path taken would 
depend only on the relative ease of proton abstraction 
from the subject compound, as opposed to carbonyl 
polarization. 


1 After completion of this work, Pierce Chemical Co. began marketing 


* Aldrich Chemical Corp., Milwaukee, Wis. 
the reagent as MethElute. 
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Figure 1-NMR spectrum of phenobarbital dimethylformamide dimerhylaceral adduct at 60 MHz. (coticentratiori 45 mg.lO.5 ml. CDC18; spec- 
t r i m  amplitude 2.0; 40 r.p.s. spin; 250 sec./S00 Hz. sweep rate;filter I; Rt level 0.08). 


Table I-Retention Time and Response Ratio Data 


Compound" 


Aprobarbital 
Amobarbital 
Pentobarbital 
Secobarbital 
Hexobarbital 
Phenobarbital 
Methyprylon 


G!utethimide 
Dibutyl phthalate 


n-Eicosane 


Relative Retention Time Relative Retention 
[Dibutyl Phthalate] Time [ti-Eicosane] 


0.413 0.565 
0.481 0.661 
0.519 0.714 
0.572 0.786 
0.865 1.19 


1.27 0.923 
0.542 - 


- 1 .29**e 
1 . 0 0  1.38 


0.754 1 .w (10.4 min.) 


(7.49 min.) 


Response Ratio (Triplicate Average) 
Dibutyl Phthalate it-Eicosane 


0.7938 
0.8529 
0.8516 
0.8334 


0.5442 
0.5819 
0.5712 
0.5806 


0.7962 0.5499 
0.6270 - 0.9197 


0.85W 
(0.8702)c 
- 0.2749 
- - 


Concentration, 
mg./ml. 


~~ 


7.96 
8 .  I5 
8.05 
6.99 
4.81 
8.84 
4.52b 


12.08 
- 


- 


a As the acetal (Compounds 1-6). 5 Direct solution in dimethylformamide. 0 Solution in 0.5 ml. AcOH in dimethylformamide ( 5  ml. .total vol- 
ume). d As the acetal; no solvent; n-eicosane standard. * At 240' isothermal, retention times of n-eicosane = approximately 1.9 min. and of 
glutethimide acetal = 3.1 min. 


EXPERIMENTAL' 


Instrument Parameters-The gas chromatograph for the ana- 
lytical studies was equipped with dual U-shaped Pyrex columns, 
1.8 m. x 0.6 cm. (6 ft. X 0.25 in.) X 4 mm. i.d. ("on-colurnn" in- 
serted), packed with 3z OV-17 on Supelcoport (100-120 mesh)'. 
Sensitivity was 10-10  amp./mv., with helium flow at 55 ml./min., 
hydrogen flow at 40 ml./min., and air at 1.6 ft.*/hr. The injector 
temperature was 285', the detector temperature was Moo, and 
the column was programmed from 160 to 220' at 7"/min. 


~~~~ ~ ~~ 


3 GLC analyses were performed using a Bendix model 2500 chromato- 
graph equipped with a flame-ionization detector, Honeywell Electronik 
194 recorder, and a Disc integrator. All area measurements were taken 
from the integrator with the aid of a model 610 Disc printer. Mass 
fragmentography was performed on a Varian 1400 chromatograph 
linked to a Finnigan Corp. 3000/PDP 8-E system. NMR analyses were 
performed on a Varian T-60 spectrometer. 


Supelco Corp. 


GC-mass spectrometry conditions were: glass coil column, 0.6 
cm. X 1.8 m. (0.25 in. X 6 ft.) X 2.8 mm. i.d.; injector temperature, 
210'; separator temperature, 210'; column, 160-200' at 8'/min.; 
flow, 25 ml./min.; high vacuum, 8 x 1 0 - 6  torr; transfer line, ma, 
manifold, 120'; beam current, 0.30 ma.; ion energy, 9.2 v.; electron 
energy, 70.3 v.; collector, 34.2 v., emission, 0.70 ma.; extractor, 
10.2 v.; lens, 100.9 v.; and high voltage, 1.55. 
Standard Procedure-Accurately weigh 5-40 mg. of the sub- 


ject compound into a 5-ml. volumetric flask, add exactly 1.0 rnL6 of 
I, swirl gently until the compound dissolves, and warm on a steam 
bath for 10 min. Cool, dilute with internal standard solution. and 


6 Reference standards were obtained from the respective manu- 
facturers except phenobarbital (Merck) and pentobarbital (Ganes 
Chemical Co.). 


6 For small amounts of compound (5-10 mg.), 0.5 ml. of reactant will 
suffice. 
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Figure 2-(a) N M R  spectrum of aprobarbital dimethylformamide dimerhylacetal adduct at 60 M H z .  (concentration 23 mg.10.4 ml. CDCla: 
amplitude 20: 52 r.p.s.; 250 sec./SOO Hz. sweep rate;filrer 2: Rf Iecel0.ll; upper trace amplitude 40: insert sweep ofset 280 Hz., amplitude 50). 
(b) N M R  spectrim of amobarbital dimethylformamide dimerhylacetal udduct at 60 MH:. (concentration 44 mg.lO.5 ml. CDCIa ; amplitude 12.5: 
58 r.p.s.: 250 sec./500 Hz. sweep rate:,filter 2; Rf leoelO.065). 
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Figure 3-NMR spectrum of metharbital dimethylformamide di- 
methylacetal adduct at 60 MHz. (concentration 46 mg.10.6 ml. di- 
methyi suJfoxide-ds; amplitude 12.5; 48 r.p.s.; 250 sec.lS00 Hz. 
sweep rate; jilter 2; Rf level 0.09: parts per million on 8 scale). 
Note dimethyl suIJoxide-ds signal at 152 Hz. overlaps -CHt quartet 
of - G H s  group at 142 Hz. 
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Metbyprylon Roeedwe-Since methyprylon reacts with the 
reagent only with difficulty, it is simply dissolved in dimethyl- 
formamide or chloroform and chromatographed directly in the 
concentrations specified for the other sedatives. 


Mixtures of Sedntives4amples containing mixtures in the 5-40- 
mg. range can be prepared in identical fashion. If the combined 
total in the mixture is in excess of about 100 mg., use an additional 
0.5 ml. of reactant for each additional 50 mg. 


RESULTS AND DISCUSSION 


Dimethylformamide reacted quantitatively with the sedatives 
studied (except rnethyprylon) in such a manner that simple -N-H 
to N - C H I  transformation was not considered a possibility. Since 
the compounds studied are chemically related to the imides studied 
by Meenvein et al. (6), the mechanism shown in Scheme I was 
favored. This mechanism takes advantage of both the CHa+ and the 


formed by the acetal. A derivative of this nature is some- 
what unusual but would depend only upon ease of polarization of 
the carbonyl on C-2. Since this position is known to polarize easily 
(8) and is less hindered, it was considered the only logical position of 
reaction. While the actual derivatives formed showed GLC reten- 
tion times similar to the 1,3-dimethyl derivatives noted previously 
(1-3), simple 1,3-dimethyl formation was excluded because of ease 
of formation and because it was noted that the barbiturate must be 
present as the keto tautomer for smooth reaction to occur. Thus, 


20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 
m /c 


Figure &-Mass fragmentogram of amobarbital dimethylformamide dimethylacetal adduct from I -p l .  injection of 8.25 mg. of amobarbital, I 
ml. of reagent15 ml. volume in dimethylformamide. 


then dilute to the mark with dimethylformamide'. For the internal 
standard, weigh accurately about 4 g. of dibutyl phthalae into a 
100-ml. volumetric flask, mix, and dilute to volume with reagent 
grade chloroform. Use 1.0 ml. of internal standard for approxi- 
mately M mg. of barbiturate. 


The sample solution with standard was injected (3 PI.) into the 
chromatograph using the prescribed operating conditions. In place 
of diputyl phthalate, 1 ml. of a chloroform solution of n-eicosanel 
20 mg. of compound (concentration 12 mg./ml.) may be used. 


Record the peaks and areas using a recorder equipped with an 
integrator (Disc) or digital integrator and calculate the response 
ratio and concentration of compounds of unknown purity using the 
appropriate standard equations. 


Glutethimide Rocedure-The standard procedure is changed by 
the addition of about 12 mg. faccurately weighed) of neicosane to 
the I-glutethimide mixture after heating. After the n-eicosane 
dissolves, 1 11. is injected into the chromatograph, using the pre- 
scribed conditions, without further solvent dilution. 


7 Baker Instra Analyzed. 
Fisher reagent grade. 


it was noted that the sodium salts of secobarbital and amobarbital 
reacted in a nonpredictable fashion, resulting in multiple chro- 
matographic peaks. However, both reacted smoothly as the free 
acids alone or in a mixture. 


Proof of acetal formation rather than methylation was obtained 
by the use of NMR and mass fragmentography. NMR analysis in 
CDCla of the isolated adduct from the reaction of phenobarbital 
(Fig. 1). aprobarbital (Fig. 2a), and amobarbital (Fig. 2b) as well as 
metharbital in dirneayl sulfoxide-d6 (Fig. 3) clearly indicated deriv- 
ative formation of the methoxy type. Figure 1 shows singlet reso- 
nance at 203 Hz. of relative area 6, Za shows a singlet at 199 Hz. 
(area 6) and N-H at 308 Hz., and 26 shows a singlet at 201 Hz. 
(area 6). In support of these findings, the isolated product of the re- 
action of rnetharbital gave an NMR spectrum which showed two 
nonequivalent -CHa patterns, the resonance at 199 Hz. being at- 
tributed to the N-CH, and that a t  195 Hz. resulting from 
>C(OCH&. The former matches that shown in the spectrum of un- 
reacted metharbital, while the peak at 195 Hz. (6 area units compared 
with the phenyl area of 5 )  could only indicate acetal formation at a 
carbonyl because of the existence of CHa on position 1 (area 3) 
and the absence of any other possible nonequivalent CHa resonance 
in the vicinity of 195 Hz. 
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Figure 5- Mass fragmentogram of aprobarbiial dimethylformamide dimethylacetal adduct from 1-111. injection of 8.77 mg. aprobarbital, I 
mi. of reagent15 mi. volume in dimethylformamide. 
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Figure 6-Gas-liquid chromatogram of gluthcthimide (12.12 mgJm1.) 
in dimeihyl/brmumide: programmed conditions. Retentiojr time = 
11.05 miri. 


Mass fragmentography of the reaction mixtures of amobarbital 
and aprobarbital, using the conditions previously given, was carried 
out as further proof of derivative formation. The resulting data 
were compared directly with those published by Knight (2). The 
patterns for amobarbital acetal (A) (Fig. 4) and aprobarbital acetal 


Table 11-Recovery Data: Known Standards 


(B) (Fig. 5 )  are dissimilar to those given for the corresponding 1,3- 
dimethyl barbiturates (2). A partial analysis of the fragmentations 
typically showed what might be expected for acetals (9, 10). Dis- 
tinguishing features in the pattern of A are m/e 257 (M+ - 15. 
- C H &  m/e 226 (M+ - 46; <Ha, -OCHI), and m/e 195 (M+ 
-77; -2--OCH,, -CH,, -H). A distinguishing feature in the 
pattern of B was the absence of a significant m/e 91 peak, which 
showed 35Z of base peak abundance during the fragmentation of 
1,3-dimethylaprobarbital (2). This may be attributed to the loss 
of CH, from: 


O-C-N-CH3 
I I  


HZC-CH C-0 f. 


which is possible to  a significant extent only in the dimethyl com- 
pound having an unsubstituted carbonyl at position 2. Other mass 
fragments suggestive of acetal presence in B were m/e 224 (M+ 
- OCH,, -H) and m/e 181 [M+ - OCHI, -H, -CH(CH&], 
along with M+ - 73, M+ - 87, and M+ - 101, typical of the frag- 
mentation of acetals (10). 


The proposed mechanism explains, in part, the reason why 
methyprylon formed the acetal derivative with extreme difiulty 
and why the glutethimide derivative was susceptible to solvent- 
induced reversibility. In the case of methyprylon, both the 2- and 
the karbonyl  position are sufficiently hindered by the 3,3-diethyl 
substituent. In addition, the 4-position does not have imide charac- 
ter and, therefore, should not derivatize in this manner. With 
glutethimide, the imide carbonyl at C-6 is open to acetal formation 
but would not be as stable as the -NHC(OCH&NH formed with 
the barbiturates. The reversibility of the glutethimide reaction can 
be noted by a comparison of Figs. 6 and 7. 


Linearity of detector response was established for the six bar- 
biturates examined (concentration range 2-30 mg./ml.). Secobar- 


~ ~~ ~~~ 


Replicate Concentration, Percent 
Compound Analyses mg./ml. Recoverya 


~~~ ~~ 


Coefficient 
U of Variation, 


Hexobarbital 6 10.02 100.4 f 0 . 4 4 1 2  0.439 
Phenobarbital 7 10.14 98.54 *0.4702 0.477 
Amobarbital 6 9.93 98.93 &O. 7712 0.780 
Aprobarbital 6 9.74 98.50 fO. 5899 0.599 
Pentobarbital 6 9.43 99.13 ~t0.7033 0.709 
Secobarbi tal 6 9.97 99.48 zt0.5270 0.530 
Methyprylonb 6 4.52 99.40 +O. 5254 0.529 


,, Values are based upon replicates on a single preparation. * Direct injection of solution made with 0.5 ml. AcOH in dimethylforrnamide ( 5  
ml. total volume). 
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Figure 7-(a) Gas-liquid chromatogram of glutethimide dimethyl- 
formamide dimethylaceral product wirh dibutyl phthalate internal 
standard (sdoent mixture; CHCL; dimethylformamide acetal). 
Peak I = glurerhimide ucetal (8.03 min.): 2 = dibutyl phrhalare 
(10.15 min.): and 3 = free glurerhimide (11.2 min.). Chromalogram 
taken 60 min. ajier reaction. (b) Gas-liquid chromatogram of gluterhi- 
mide dimethylformamide dimerhylacetal product with n-eicosane (peak 
I ,  7.84 min.) without added soloent under programmed conditions. 
Chromatogram raken 60 min. ajier reaction. 


bital and amobarbital linearity showed coincident slopes. The 
retention time and response ratio data are presented in Table I. 
The relative retention times are, in increasing order, aprobarbital 
through phenobarbital, as expected by virtue of the effect of the 
substituents at the 5-position on the overall polarity and adsorb- 
ability of the molecule. No generalizations can be made for methy- 
prylon and glutethimide with regard to elution characteristics 
since they do not follow the general barbiturate analyses. 


An inspection of Table I as well as Figs. 8 and 9 clearly shows 
that, under programmed conditions, most combinations of bar- 
biturates and methyprylon or glutethimide could be determined 
with minor procedural modifications. It is possible that methy- 
prylon would interfere with baseline separation of pentobarbital 
and/or secobarbital (dibutyl phthalate standard) or glutethimide 
with phenobarbital (neicosane standard), although the probable 
need for such a separation would be remote. 
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Figure &Chromatogram showing the separution of the four rioted 
barbiturates in a single mixture. Last major peak = dibutylplithalate 
(minor peak is impurity in dibutyl phrlralate). 


To evaluate the precision of the method and the quantitative re- 
covery that can be anticipated, a series of standard barbiturates 
were analyzed (Table 11). The recoveries obtained ranged from 
98.54 to 100.4% based upon response to dibutyl phthalate internal 
standard. The standard deviation range was from 3Z0.4412 to 
3Z0.7712. 


Since one facet of the proposed method is the ease of determina- 
tion of mixtures, two standard mixtures of bulk drugs were tested. 
Table I11 shows the results of determinations of: (a) pentobarbital 
plus hexobarbital, and (b) phenobarbital plus hexobarbital (Fig. 10) 
under programmed conditions and also at 215' isothermal. In 
addition, a commercial sample of sodium amobarbital with seco- 
barbital sodium capsules0 and a sodium pentobarbital capsule were 
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Figure 9-Chromatogram showing the separation of aprobarbital, 
amobarbiral, pentobarbital, secobarbital, n-eicosarre, hexobarbital. 
andphetroborbital in their order of elution. The borbituls are as their 
acetals. 
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Table MI-Recovery Data: Barbiturate Mixtures 


Mixture 


Phenobarbital- 
hexobar bitale 


Phenobarbital- 
hexobarbitald 


Phenobar bi9l- 
hexobarbital 


Amount 
Amount Found, 


Used,mg. m8.O 


Percent 
Re- 


cover9 


Percent 
Theo- 
retical 


24.18 24.34 
22.00 22.04 
24.48 24.53 
20.44 20.40 
19.93 20.05 
21.85 22.05 


52.47 
47.71 
54.61 
45.42 
47.98 
52.77 


52.37 
47.63 
54.50 
45.50 
47.70 
52.30 


a Average of du licate determinations. b Relative to the mixture. 
c Programmed conchons. d Isothermal conditions (215” column tem- 
perature. Retention times: hexobarbital, 5.0 min.; phenobarbital, 5.82 
min.; and dibutyl phthalate, 7.01 nun.). 
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Figure 10-Chromatogram of a mixture (Table Ill) of hexoharbital 
and phenobarbital with dibutyl phthalate internal standard, using 
the standard programmed conditions. 


assayed. The former assayed at 95.0x of the labeled amount (200 
mg./capsule) when determined on two separate samplings. In the 
latter case, a single capsule assayed at 92.3x of the labeled amount 
(assuming 100 mg./capsule). The USP XVIII extraction procedure 
(1 1) for the respective dosage form was used, followed by evapora- 
tion of an aliquot of the chloroform extract to dryness (25”, stream 
of nitrogen) prior to acetal reaction. 
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the analysis of variance. Heavy emphasis is given to nonparametric 
procedures. 


The “Black Magic Assay of Purity in Heart” used to illustrate 
binomial sampling is an example of whimsical but dective treat- 
ment of a number of topics. The most valuable part of the book, 
from the standpoint of biomedical research, is the three chapters 
bringing together the relationship between two variables and cor- 
relation, as well as assays and calibration curves. Illustrations of the 
individual effective dose, direct assays, all-or-none responses, and 
the probit transformation conclude the book. 


The two appendixes develop more rigorously some of the mathe- 
matical concepts outlined in earlier chapters. An example of this is a 
”stochastic view of the adsorption of molecules from solution.” 


A unique feature of the book is the extensive cross-referencing to 
related topics in other parts of the book which is very good even if it 
may sometimes interfere with the reader’s train of thought. The text 
is remarkably free from typographical errors. While this reviewer 
did not check out all of the computation in the numerous examples, 
it does seem to be in order. 


With the increasing emphasis on bioavailability studies found 
today, this book is certainly to be recommended to students in 
biology, pharmacy, and medicine as an introduction to the correct 
application of statistical concepts and techniques to their chosen 
field of efIort. 


Reaiewed by H. Latham Breunig 
Eli filly and Company 
Indianapolis, IN 46206 8 


Ups and Do-, Dhgging and Duplng. By J. RICE, M.D. Macmillan, 
866 Third Ave., New York, NY 10022, 1972. 214 pp. 13.5 X 21 
cm. Price S5.95. 
As another book on drug abuse, this publication has more to com- 


mend it to the lay reader than many others. It is readable; reason- 
ably comprehensive, covering not only commonly abused drugs but 
also over-the-counter products, alcohol, and nicotine; and well 
documented. This book is not intended for the technical reader; 
however, it does present good and understandable summaries of 
research efforts in certain areas. 
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Opiates and Their Al(enrates for Pain and Coup$ Relief. Report of a 
WHO Sdentiflc Group. World Health Organization Technical 
Report Series. World Health Organization, Geneva, Switzerland 
(available from American Public Health Association, Inc., 1015 
18th St., NW, Washington, DC 20036), 1972. 30 pp. 16 X 24 
cm. Price $0.75. 
This report considers marketed drugs that have already been 


evaluated objectively by controlled clinical trials and subjected to 
clinical scrutiny. Effectiveness for relief of mild-to-severe pain uses 


morphine as the reference; cough relief &ectiveness is related to 
codeine. Psychic or physical dependence and tolerance capacities are 
discussed. 
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catfaa Guide. Berm Brothers Limited, Bouverie House, 154 Fleet 
Street, London, EC4 2DL. England, 1972.332 pp. 20.5 X 28 cm. 
Price 56.00. 
This publication is a useful reference for information on British 


drug products and related pharmaceutical organizations, facilities, 
laws, services, and miscellaneous information. It is thumbtabbed 
into 10 sections to facilitate use. 
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Cactus Alkaloids XV: fl-Phenethylamine Derivatives from 
Coryphantha mucromris var. runyonii 


W. J. KELLER, J. L. McLAUGHLIN*, and L. R. BRADY’ 


Abstraet 0 Eleven 8-phenethylamine derivatives were isolated and 
identified from fresh-frozen specimens of Coryphanrha macromeris 
var. runyoriii (Br. and R.) L. Benson. Isolations were accomplished 
using preparative TLC, and identifications were based on chromato- 
graphic properties, IR and NMR spectra, and comparisons with 
authentic materials, The data provide initial documentation for: 
the Occurrence of N-formylnormacromerine in nature; the first 
recorded detection of metanephrine and N-methylmetanephrine in 
the plant kingdom; the first Occurrence of synephrine and N- 
methyltyramine in this cactus; confirmation of earlier GLC-mass 
spectral data on the presence of N-methyl4methoxy-~-phenethyl- 
amine, N-methyl-3,4-dimethoxy-&phenethylamine, tyramine, and 


hordenine in the plant; and verification of previous reports on the 
isolation of macromerine and normacromerine. 


Keyphrases 0 Cactus alkaloids-isolation, identification of 11 & 
phenethylamine derivatives from Coryphunrhu macromeris var. 
runyonii 0 Coryphunrha macromeris var. runyoriii-isolation and 
identification of 11 &phenethylamine derivatives 0 N-Formyl- 
normacromerine-isolation, identification from Corypharitha mac- 
romeris 0 Metanephrine and N-methylmetanephrine-isolation, 
identification from Coryphanrhu macromeris 0 Synephrin- 
isolation, identification from Coryphanrhu macromeris 0 N-Methyl- 
tyramine-isolation, identification from Coryphunrha macromeris 


Dona Ana [Coryphanrha macromeris (Engelm.) Br. 
and R.] is currently being promoted as a ‘‘natural and 
legal” psychedelic agent (1). The hallucinogenic alkaloid, 
( - )-macromerine (N,N-dimethyl-3,4-dimethoxy-/3-hy- 
droxy-p-phenethylamine), has been isolated from the 
cactus (2), and C. runjyonii Br. and R., which is con- 
sidered currently to be a variety of the former species 
(3), yielded the same compound (4). N-Methyl-4-me- 
thoxy-/3-phenethylamine, N-methyl-3,4-dimethoxy-/3- 
phenethylamine, tyramine, and hordenine (N,N-di- 
methyltyramine) were detected as minor alkaloids of 
C. macromeris var. runyonii (Br. and R.) L. Benson by 
combining GLC with mass spectrometry ( 5 ,  6). Re- 
cently, (- )-normacromerine (N-demethylmacromerine) 
was observed to be a major nonphenolic alkaloid of this 
variety (7). 


The present phytochemical studies of C.  macromeris 
var. runyonii were undertaken to isolate and confirm 
the identities of previously detected alkaloids and to con- 
tinue an examination of the alkaloid fraction of this 
cactus. 


EXPERIMENTAL’ 


Plant Material-Living specimens of C. macromeris var. ruriyonii’ 
were purchased from two commercial s o u m a .  A portion of each 
shipment was frozen immediately upon receipt, and the remainder 
was oven dried at 48 O and ground to a coarse powder. 


Isolation of Crude Alkaloid Fractions-Fresh-frozen plant mate- 
rial (2.54 kg.) was diced and homogenized with 95% ethanol in a 
large blender‘. The extraction was carried out before any appreci- 


1 UV spectra were determined in absolute methanol with a Beckman 
DB spectrophotomeler scanning from 340 to 200 nm. IR spectra were 
obtained neat or usin KBr pellets with a Beckman IRSA. NMR spectra 
were recorded on a barian T-60 NMR s ectrometer using CDCh or 
D D  solutions. Specific rotations were getermined with a Rudolph 
polarimeter using a sodium lamp and a 2-dcm. tube. Melting points 
were taken with a Fisher-Johns melting-point apparatus and are un- 
corrected. 


* Identification was confirmed by Dr. E. F. Anderson, Department of 
Biology, Whitrnan College, Walla Walla, WA 99362. Representative 
plants are being maintained as greenhouse specunens. 


JFrom Sunderland’s Cactus Garden, Alamo. TX 78516. and Texas 
Cactus Gardens, Canutillo, TX 79835 


4 Waring. 


able thawing had Occurred, thereby effectively chilling the extrac- 
tion mixture. The filtered ethanolic extract was concentrated to  
approximately one-fourth volume under reduced pressure at 45”. 
This aqueous solution was acidified by addition of 600 ml. of 25% 
acetic acid and was extracted with two successive m m l .  portions 
each of ether, ethyl acetate, and chloroform to remove the 
nonpolar, nonalkaloidal material. The resulting aqueous solution 
was rendered basic with 28% ammonium hydroxide, and the al- 
kaloids were extracted successively with three 500-ml. volumes of 
chloroform and one 500-ml. volume of ether, Then the combined 
chloroform-ether extract was filtered through anhydrous sodium 
sulfate and concentrated to a syrup; this crude alkaloidal mixture 
was resolved into phenolic and nonphenolic fractions, using an ion- 
exchange resin as previously described (8). 


T L - A  0.25-mm. layer of silica gel GFw was used for the 
analytical TLC plates, and the preparative TLC plates were prepared 
with a 1-mm. layer of silica gel P F d .  Five solvent systems were used 
for the various analytical and preparative separations: A, benzene- 
chloroform-methanol-28 % ammonium hydroxide (8 : 6 : 5 : 1 ); 
B, ether-methanol-28 % ammonium hydroxide (20 :2: 1); C, 
chloroform-n-butanol-methanol-28 % ammonium hydroxide (145 : 
3 :42: 10); D, ether-acetone-methanol-28% ammonium hy- 
droxide (9:8:2: 1); and E, ethyl acetate-methanol-28z ammonium 
hydroxide (17:2:1). Alkaloids on the chromatograms were de- 
tected under shortwave UV light followed by use of dansyl chloride 
(0.05 % in acetone) and tetrazotized benzidine spray reagents (8). 


Synthesis of Referenee Nonphenolic Alkaloids-Established syn- 
thetic procedures were used to produce racemic macromerine (2) 
and normacromerine (7). Reference N-methyl-3,4-dimethoxy-8- 
phenethylamine was synthesized by refluxing equimolar quantities 
of 3,4-dimethoxyphenethylamine6 and ethyl formate7 to give an N- 
formyl intermediate, which was subsequently reduced with lithium 
aluminum hydride to yield the desired product. After purification 
by preparative TLC with Solvent A, the product was converted to 
the hydrochloride and then recrystallized from absolute ethanol- 
ether (49% yield). A similar procedure was employed for the pro- 
duction of reference N-methyl-4-methoxy-8-phenethylamine hy- 
drochloride (46% yield), using 4-methoxyphenethylamind as the 
reactant. 


Resolution of Nonphenolic Alkaloids-Analytical TLC using 
Solvents A, B, and E revealed the presence in this fraction of seven 
alkaloid-positive substances. two of which were present only in 
trace amounts. The alkaloid mixture was dissolved in ethanol- 
chloroform (1 : 1) and streaked onto 78 preparative TLC plates using 


Brinkmann Instruments. 
8 Calbiochem. 
7 Aldrich Chemical Co. 
8 Calbiochem. 
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a previously described technique (9). The alkaloid material was 
eluted from the silica gel scrapings with three portions of 95% 
ethanol; the extracts were filtered, combined, and concentrated to 
near dryness under reduced pressure. The residue in each case was 
taken up in 40 ml. of 5 %  HCI, and the solution was rendered dis- 
tinctly alkaline with 28% ammonium hydroxide and extracted im- 
mediately with three S m l .  portions of chloroform. The chloroform 
extracts were filtered through sodium sulfate, combined. and re- 
duced to a 5-ml. volume with a rotary evaporator. At this point, 
each alkaloidal solution was monitored for indication of impurities 
using TLC, the chloroform was evaporated from the solutions under 
a stream of nitrogen, and the residues were dissolved in 5 ml. of 
95 % ethanol and stored under nitrogen in a freezer. 


This initial resolution of the nonphenolic alkaloid fraction re- 
sulted in two chromatographically pure alkaloids and a ternary 
mixture. Cochromatography with reference materials suggested that 
the pure alkaloids were ( - )-normacromerine and ( - )-macromerine 
and that the ternary mixture consisted of N-methyl4methoxy-fl- 
phenethylamine, N-methyl-3,4-dimethoxy-~-phenethylamine, and 
an unidentified compound. 
Resolution of Temuy Nonphenolic Mixture-An equal volume of 


chloroform was added to the ethanolic solution of the ternary 
alkaloid mixture, and the material was streaked onto 44 preparative 
TLC plates. Solvent B resolved the mixture into three components, 
which were removed and processed as already described. The 
chromatographic evaluations revealed no impurities in the isolated 
constituents. 


Ideatihtion of Known NonphenoUc Alkaloids-The ethanolic 
solutions of the isolated alkaloids were evaporated under a stream 
of nitrogen, the residues were taken up in 0.7 ml. of deuterochloro- 
formg, and the NMR spectra were recorded. Deuteriumexchange 
experiments were carried out in the cases of macromerine and 
normacromerine. The deuterochloroform solutions were then 
evaporated to dryness under nitrogen, the residues were dissolved in 
small volumes of absolute ethanol, the solutions were acidified with 
anhydrous hydrochloric acid in absolute ethanol ( 5 %  w/w), and 
anhydrous ether was added slowly to d e c t  the crystallization of 
the hydrochloride salts. One recrystallization from absolute ethanol 
assured chemical purity. The yields of crystalline hydrochloride 
salts, the melting points, and the IR spectra (KBr pellet) were re- 
corded. Various properties of the isolated alkaloids corresponded 
with those reported for normacromerine (7). macromerine (2,4, lo), 
N-methyl-3,4-dimethoxy-~-phenethylamine (1 1, 12), and N-methyl- 
4-methoxy-8-phenethylamine (1 1). Identifications were confirmed 
by direct comparisons of corresponding IR and NMR spectra of 
the isolated constituents and synthetic reference compounds. 


Characterization of Unknown NonphenoUc Alkaloid-The isolated 
material was a chromatographically homogeneous (Solvent A, Rj 
0.70; Solvent B, Rj 0.42; Solvent E, RI 0.47), golden-yellow oil which 
possessed some distinctive properties. The constituent failed to re- 
act or to give visible chromophores with the dansyl chloride and 
tetrazotized benzidine reagents, but it could be detected with Dragen- 
d o e s  reagent. It also failed to form a crystalline hydrochloride 
salt. The UV spectrum (0.0066 mg./ml. absolute methanol) showed 
indication of a X, at 201 (c 32,200) and peaks at 229 (c 6100) and 
278 (e 1800) nm., absorption features indicative of a 3,4-dimethoxy- 
#J-phenethylamine (12). The IR spectrum (neat) exhibited a broad 
hydroxyl band near 3333 cm.-l and an intense carbonyl stretching 
vibration at 1642 cm.-l. The remainder of the IR spectrum was 
typical for a phenethylamine derivative. An interpretation of the 
NMR spectrum (deuterochloroform) was quite informative regard- 
ing the structure of the unknown alkaloid. A skewed pair of singlets 
at 7.95 6 integrating for one proton was attributed to an N-formyl 
proton, peaks at 6.99 and 6.91 6 were indicative of three aromatic 
protons, and a coalescent doublet centered at 3.88 6 indicated two 
methoxyl groups. A benzylic hydroxyl proton (4.2 6) exhibited 
shifts with concentration differences and disappeared with deuterium 
exchange. Complex multiplets centered at 4.8 and 3.4 6 indicated a 
benzylic proton and a methylene group, respectively, while a three- 
proton singlet at 2.9 6 characterized an N-methyl group. On the 
basis of these data, it appeared that the new alkaloid was the N- 
formyl analog of normacromerine. Synthetic normacromerine was 
refluxed with an equimolar quantity of ethyl formate to obtain a 


* Tetramethylsilane from Stohler Isotope Chemicals was used as the 
internal standard. 


reference sample of N-formylnormacromerine. Comparkon of the 
isolated and synthetic materials revealed indistinguishable UV, IR, 
and NMR spectra and chromatographic properties. 


Resolution of Phenolic Alkddds-Five mttjor constituents and 
traces of three other compounds were detected using analytical 
TLC with Solvents C and D. The phenolic alkaloid fraction was 
dissolved in an ethanol-chloroform (1 : 1) mixture and streaked onto 
38 preparative TLC plates. After development with Solvent C, the 
individual plates and resulting silica gel scrapings were processed in 
the same manner described for the nonphenolic fraction. This *pa- 
ration process resulted in four fractions, three of which were chro- 
matographically pure; the fourth fraction was a binary mixture. 
Chromatographic comparisonsm indicated that the pure alkaloids 
were synephrine, metanephrine, and hordenine and that the binary 
mixture contained tyramine and N-methyltyramine. 
Resolution of Binary Phenolic Mixture-The binary fraction was 


dissolved in a suitable volume of ethanol-chloroform ( 1 : l )  and 
streaked onto nine preparative TLC plates. The plates were &,- 
veloped with Solvent D, and the two desired bands were processed 
in the usual manner. 


Identifkntion of WenoUc Cdtuents-Characterization of the 
five isolated constituents proceeded essentially as described for the 
nonphenolic alkaloids. The observed melting points and IR spectra 
of the hydrochloride salts corresponding to  hordenine and N- 
rnethyltyramine agreed with reported properties for these substances 
(8, 12-14). Identifications were confirmed by direct comparisons of 
IR and NMR spectra of the isolated and reference materials. 


The melting points and the IR spectra of the salts from the frac- 
tions chromatographically identified as metanephrine, synephrine. 
and tyramine were consistent with anticipated and reported proper- 
ties for the corresponding salts (14-16). and no distinctive features 
were noted upon direct comparisons'of the IR spectra of isolated and 
reference compounds. The small quantities of these three constitu- 
ents obtained from the cactus (Table I) were insufficient for the 
determination of NMR spectra. Since tyramine had been detected 
previously in the plant (9, the chromatographic, melting-point, and 
IR spectral data were considered adequate to confirm the identity 
of this constituent. However, NMR spectra or some additional 
evidence appeared desirable with the other two compounds since the 
occurrence of metanephrine in the plant kingdom was unknown, 
since the presence of synephrine in this cactus was unrecorded, and 
since the IR spectra of the racemate and levorotatory isomer of 
synephrine were known to exhibit some differences (16). 


Preliminary experiments with oven-dried cactus material indi- 
cated that the integrity and concentration of both metanephrine and 
synephrine were unaltered, even though the heat-drying process 
appeared to produce some artifacts. Thus, an available supply of 
dried cactus was processed to obtain sufficient quantities of meta- 
nephrine and synephrine for further characterization. The coarsely 
powdered plant material (1.55 kg.) was extracted exhaustively with 
methanol in a large blender, and the methanolic solution was re- 
moved by filtration. The thick syrup, which was obtained upon re- 
moval of the methanol under reduced pressure. was acidified with 
700 ml. of 5 % HCI and filtered. The acidic solution was extracted 
twice with approximately 700-ml. volumes of a series of organic 
solvents (petroleum ether, ether, ethyl acetate. and chloroform). 
This aqueous solution was then adjusted to pH 10.5 (pH meter) 
with 7.5 N NaOH and again subjected to partitioning with the series 
of organic solvents. The resulting aqueous solution, which contained 
relatively water-soluble constituents including metanephrine and 
synephrine, was placed under reduced pressure in a rotary evapora- 
tor to remove traces of the organic solvents and was freeze dried. 
The residue from lyophilization was extracted several times with an 
ethanokhloroform (1 :9) mixture, and the combined extract was 
concentrated to a small volume under reduced pressure and ex- 
amined chromatographically. The concentrated extract, which con- 
tained a number of nonalkaloidal substances, was subjected to ion- 
exchange chromatography11 and an established method (8) to give 
an aqueous phenolic fraction rich in metanephrine and synephrine 
with only traces of other phenolic alkaloids and contaminants. This 


10 Sources of reference phenolic alkaloids: hordenine sulfate and 
tyramine hydrochloride, Nutritional Biochemicals Cor N-methyl- 
tyramine hydrobromide, courtesy of Hoffmann-La Roc%:, Inc.; syn- 
e hrine tartrate. K & K Laboratories. Inc.; and metanephrine hydro- 
ckoride, SI ma Chemical Co. 


11 Using Xmberllte IRA401S C.P., Mallinckrodt Chemical Works. 
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phenolic fraction, dissolved in a small volume of equal parts of 
ethanol and chloroform, was streaked onto 48 preparative TLC 
plates. Solvent C was used to achieve separation, and processing of 
the desired bands gave chromatographically homogeneous, ethanolic 
extracts of the two phenolic alkaloids. 


The ethanolic extract containing synephrine was evaporated to 
dryness under nitrogen. A portion of the residue was taken up in 4 
ml. of absolute methanol, the solution was heated to boiling, and 12 
mg. of dry oxalic acid was added. Crystals of synephrine oxalate 
formed upon cooling, and recrystallization from aqueous methanol 
gave 13 mg. of material, m.p. 223-224" dec. [lit. (16) m.p. 221-222" 
dec.]. The remaining portion of the isolated alkaloid was dissolved 
in a minimum volume of absolute ethanol and converted to the 
hydrochloride salt; one recrystallization gave a yield of 33 mg., m.p. 
166-167". A portion of the hydrochloride salt (13 me.) was placed in 
an NMR tube, 0.7 ml. of D?O and a small quantity of an internal 
standard (sodium 2,2-dimethyl-2-silapentane-5-sulfonatei1) were 
added, and the NMR spectrum was recorded. The number of ex- 
changeable protons was determined by the integration difference of 
the sample and a GO-internal standard blank of comparable vol- 
ume run at the same spectrum and integral amplitudes. The observed 
NMR spectrum of the salt of the isolated alkaloid followed a pre- 
dictable chemical-shift pattern and proved to be identical to the 
spectrum obtained with reference material. The hydrochloride salt 
of the isolated synephrine was levorotatory: [a]: -52.5" (c 0.010 
g./rnl. in absolute methanol). 


The ethanolic extract of the isolated metanephrine was evaporated 
to dryness under nitrogen, and the entire residue was converted to 
the hydrochloride salt. One recrystallization from absolute ethanol- 
ether gave 9 mg. of crystalline material, m.p. 158-159". The 
NMR spectral studies were carried out with the hydrochloride in 
a0 solution as described for synephrine. The predicted NMR 
spectrum and an excellent NMR spectral correlation between the 
isolated and reference compounds provided the desired evidence to 
confirm the presence of metanephrine in the plant extracts. The 
small quantity of isolated material did not permit determination of 
optical rotation. 


DISCUSSION AND CONCLUSIONS 


Five nonphenolic and five phenolic 8-phenethylamine derivatives 
were isolated and identified from C. macromeris var. runyonii 
(Table I). Trace quantities of two nonphenolic and three phenolic 
constituentsi3 were also detected, but the minimal amounts of these. 
substances in the quantity of cactus employed in the investigation 
precluded their purification and characterization. The use of a cold 
extraction process and fresh-frozen plant material, except for certain 
studies on metanephrine and synephrine, circumvented the possi- 
bility of artifact formation during slow thermal drying. Thus, the 10 
isolated compounds, as well as the five unidentified alkaloid-positive 
substances which were detected, were considered to be metabolic 
constituents of the cactus. 


Identifications of the 10 isolated constituents were based on chro- 
matographic properties, melting points of salts, IR and NMR 
spectra, and direct comparisons with reference materials. The only 
exceptions to this protocol involved N-formylnormacromerine, 
which did not form a salt, and the omission of NMR data for tyra- 
mine, 


N-Formylnormacromerine, metanephrine, and synephrine were 
the most interesting of the isolated constituents. The natural oc- 
currence of N-formylnormacromerine was previously unrecognized. 
Alkaloids with amide functions are uncommon, and within the 


I *  Isotopic Products, Merck Sharp and Dohme of Canada, Ltd. 
1 J Nore udded in proofi Further observations have provided tentative 


identification of one of the trace phenolic alkaloids as N-methylmetane 
phrine. The synthesis of reference ymethylmetanephrine involved 
condensation of 0-acetylvanillin and rutromethane, catalytic reductive 
methylation with hydro en and formaldehyde, hydrolysis, and purifica- 
tion by reparative TLe with Solvent C. A six-proton N-methyl peak 
rather tfan a three-proton eak, was the only significant NMR spectral 
difference between the syntietic product and reference metanephrine. 
The synthetic. N-methylmetanephrine and one of the bands isolatep 
(yield a roximately 1 me.) during preparative TLC of the phenolic 
alkaloicffraction were indistinguishable with TLC Solvents A,and C, 
and both the synthetic and isolated materials were extremely lablle. This 
chromatographic detection provides the first evidence for the oc- 
currence of N-methylrnetanephrine in the plant kingdom. 


Table I-Quantities of 0-Phenethylamine Constituents Isolated 
from Fresh-Frozen C. macromeris var. runyonii 


Concen- 
tration 


in 
Yielda, Cactusb, 


8. z 
Nonphenolic constituents: 


Normacromerine hydrochloride 2.133 0.0710 
N-Formylnormacromerine (oil) 0.195 0.0077 
Macromenne hydrochloride 0.062 0.0021 
N-Methyl-3,4-$methoxy- 0.019 O.OOO6 


8-phen lamine hydrochloride 


8-phenethylamine hydrochloride 
N- Methyr4methoxy- 0.014 0.0005 


N-Methyltyramine hydrochloride 0.059 0.0019 
Phenolic constituents: 


Horderune hydrochloride 0.012 o.ooo4 
Metanephrine hydrochloride 0.006 0.0002 
Synephrine hydrochloride 0.003 0.0001 
Tyramine hydrochloride 0.002 o.ooo1 


0 Reported yields represent the total quantities. of the constituents or 
their salts. as indicated, obtained upon processing 2.54 kk, of fresh- 
frozen plant material. * Calculated as free 8-phenethylamme in fresh 
plant material. 


Cactaceae, only peyote [Lophophorn williamsii (Lem.) Coult.] had 
been shown to possess N-formyl derivatives (17). The presence of 
metanephrine in a biological system was initially demonstrated by 
Axelrod et al. (18). and various chemical and physiological param- 
eters of this metabolite of epinephrine have been studied (19, 20). 
However, all prior reports directly or indirectly restrict the known 
Occurrence of metanephrine to zoological entities. The natural 
Occurrence of synephrine was first reported from tangerine leaves 
(16), and until recently it was restricted to the Rutaceae. The known 
distribution of synephrine has been expanded by its reported pres- 
ence in genera from the Amaryllidaceae and Moraceae (211, its de- 
tection in seven species of coryphantha (22), and its isolation from 
C. ramillosu (15). Identification of synephrine as a constituent of C. 
macromeris var. runyonii provides a further expansion of knowledge 
on the occurrence of this sympathomimetic compound. 


The data provided the first evidence for the occurrence of N- 
methyltyramine in C. macmmeris var. runyonii; however, this con- 
stituent was known to be distributed widely in the Cactaceae (5 ,  8, 
12-14, 22) and had been detected in other plant families (21). The 
isolation of hordenine, N-methyl-3,4-dimethoxy-~-phenethylamine, 
N-methyl4methoxy-j3-phenethylamine, and tyramine confirmed 
earlier GLC-mass spectral data (5,6) on the presence of these con- 
stituents in this cactus. The identification of macromerine and nor- 
macrometine from the plant verified previous reports (2,4,7). 


Macromerine (2), synephrine (23), and the less potent constituents 
(19, 23-25), hordenine, metanephrine, N-methyltyramine, and 
tyramine, are known to possess sympathomimetic properties. The 
Occurrence of these constituents in the cactus may provide a scien- 
tific basis for the purported use of Dona Ana as a CNS stimulant. 
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Cactus Alkaloids XVI: Isolation and 
Identification of Alkaloids in Coryphantha ramillosa 


P. T. SATO, J. M. NEAL, L. R. BRADY, and J. L. McLAUGHLIN’ 


Abstract 0 The cactus genus Coryphantha has been reported to 
contain certain 8-phenethylamine alkaloids. In this investigation, 
a Texas species, C. ramillosa Cutak, yielded five alkaloids which 
were isolated chromatographically and crystallized as their hydro- 
chloride salts, The isolated compounds were identified as N- 
methyl-4-methoxy-8-phenethylamine hydrochloride, hordenine 
hydrochloride, N-methyltyramine hydrochloride, synephrine hy- 
drochloride, and 8-0-methylsynephrine hydrochloride, all of which 
have been previously identified in other Coryphmrhu species. 


Keyphrases 0 Cactus alkaloids-isolation, identification of alka- 
loids in Coryphanrha ramillosa 0 Coryphanrha ramil/osa-iso- 
lation, identification of alkaloidal content 0 Medicinal plants- 
isolation, identification of alkaloids in Coryphanthu ramillosa 0 
TLC-isolation, identification, alkaloids in Coryphantha ramillosa 


Folk medicine of various peoples of the world has, of 
necessity, included many different plant drugs (1). One 
such product is the peyote cactus, which is still used as 
an amulet, hallucinogen, and panacea by the Indians 
of Mexico and the southwestern United States (2, 3). 
Phytochemical investigations of the peyote cactus, or 
Lophophora williamsii (Lem.) Coult., have shown the 
presence of mescaline, mescaline analogs (p- 
phenethylamines), tetrahydroisoquinolines, and other 
compounds, the presence of which explains some of the 
claimed effects of this plant (4-6). The hallucinogen, 
mescaline, has also been found in some other cactus 
species, especially in members of the South American 
genus trichocereus (7-9). 


Knowledge of the alkaloid content of various cacti 


is significant since it can help to explain or disprove the 
claimed physiological effects of a particular species. 
Unfortunately, knowledge of the phytochemical distri- 
bution of even the various known cactus alkaloids is 
quite incomplete. The genus Coryphantha is a good ex- 
ample. This genus contains approximately 60 species 
(10, 11). C. palmeri Br. and R. has been reported to have 
folkloric use as a “narcotic” 712), and C. macromeris 
(Engelm.) Br. and R. has ostensibly obtained some 
stature as a “natural and legal” psychedelic (13). The 
presence of macromerine and normacromerifle in this 
latter species may explain these reputed effects (14). 
The screening of seven species of Coryphanlho pre- 
viously demonstrated the presence of alkaloids in all 
seven, and six 8-phenethylamines have been isolated 
and/or identified in C. cornifera (DC.) Br. and R. var. 
echinus (Engelm.) L. Benson (15). No information is 
available in the literature regarding the phytoehemistry 
of C .  ramillosa Cutak, a species from southern Texas 
and north-central Mexico. Although it has no recorded 
folkloric uses, it was selected for study in a search for 
unusual cactus alkaloids that might have psychotropic 
potential. 


EXPERIMENTAL 


Plant MaterialSpecimens of the cactus were purchased’, and 


* From Homer A. Jones, Southwest Cactus Co., Alpine, Tex. 
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C O M M U N I C A  T I O N S  


Carbocyclic Analog of 
Purine Ribonucleosides with 
Antileukemic Activity 


Keyphrases u Carbocyclic analogs of purine nucleosides (8- 
azaadenosine analog)-synthesis, antileukemic activity 0 u-Tri- 
azolo[4,5-d]pyrimidines-synthesis of 8-azaadenosine analog of 
purine nucleoside, antileukemic activity 0 Antileukemic ac- 
tivity-synthesis of a u-triazolo[4,5-d]pyrimidine (carbocyclic 
analog of purine nucleoside) 0 Purine ribonucleosides-synthesis 
of carbocyclic analog with antileukemic activity 


Sir: 


Carbocyclic analogs of several naturally occurring 
and biologically active purine nucleosides have been 
synthesized (1-4). In these analogs a methylene group 
occupies the position of the ring oxygen atom of the 
ribo- or deoxyribofuranosides. Because of the presence 
of a stable carbon-nitrogen bond at position 9 of the 
purine moiety, these analogs are not subject to cleavage 
by enzymes that remove or transfer the ribofuranosyl 
moiety of the nucleosides or nucleotides. Biochemical 
studies (5-7) have shown that the racemic analog 
(111) of adenosine can serve either as a substrate 
for or as an inhibitor of some of the enzymes involved 
in purine nucleotide metabolism, one of the more in- 
teresting findings being the inhibition of guanylic acid 
kinase by the phosphate (7). The antibiotic aristero- 
mycin (S), the optically active form (9, 10) of the adeno- 
sine analog, inhibits certain plant pathogens (8, 11). 
Several racemic carbocyclic analogs of purine nucleo- 
sides are cytotoxic to neoplastic cells growing i n  culture 
(4). In this communication, antileukemic activity in oioo 
by a carbocyclic analog, the 8-azaadenosine analog (11), 
is reported. 


The 8-azaadenosine analog 11, (*))-trans-3-(7-amino- 
3H-o-triazolo[4,5 -4pyrimidin- 3 - y1)- trans- 5 -(hydroxy- 
methyl)-cis- 1,2-~yclopentanediol, was synthesized from 
the diaminopyrimidine I (Scheme 1) ( I ,  2). The pyrimi- 


CI 


HO OH 
I 


HO OH 
I1 


Scheme I 


dine was diazotized with sodium nitrite in hydrochloric 
acid. Since 6-chloro-8-azapurines are known to be 


highly reactive, the 6-chloro-8-azapurine formed by 
this reaction was not isolated. The reaction mixture 
was neutralized and then lyophilized, and the residue 
was treated with anhydrous ammonia. The yield of I1 
after recrystallization from water was 76%, map. 276- 
278” dec.; UVmax: 264 (e 12,400) and 275 (sh) in  0.1 N 
HCI, 279 (t 12,400) in phosphate buffer (pH 7), and 279 
nm. (E 12,300) in 0.1 N NaOH. 


Anal.-Calc. for CloHlrNe03: C, 45.11; H, 5.30; N, 
31.57. Found: C, 44.90; H, 5.46; N, 31.39. 


In tests of I1 against leukemia P-388l i n  mice, the 
median survival time of treated animals was prolonged 
by 40-70Z. Thus, at doses of 100,75, 67, and 37 mg./ 
kg./day given intraperitoneally, 9.d. 1-9, the observed 
median increases in lifespan (ILS) were 68, 53, 63, and 
42 %, respectively. Higher doses produced evidence of 
toxicity; i n  two tests at 150 mg./kg./day and in one at 
225 mg./kg./day, ILS were 73, 18, and 36%, respec- 
tively, but the average differences in weight change be- 
tween treated and untreated animals were -2.5, -3.4, 
and - 5 . 1  g., respectively. In comparison, the car- 
bocyclic analog (111) of adenosine was not active 
against P-388 leukemia in a dose-response test at 50 
(toxic), 25 (toxic), 12.5, and 6.25 mg./kg./day performed 
simultaneously with the dose-response test of 11 (at 
225,150,100, and 67 mg./kg./day). 


In tests uersus leukemia L-1210, Compound I 1  dis- 
played, at best, borderline activity. Average ILS were 
18-22% after doses of 150, 100, 67, or 33 mg./kg./day 
given intraperitoneally, q.d. 1-9. Average ILS were 23 
and 26% after doses of 200 and 100 mg./kg., respec- 
tively, given on Days 1, 5 ,  and 9; but in  a second test 
at 150 and 100 mg./kg., ILS were 11 and 14%, respec- 
tively. 


Both I1 and the carbocyclic analog of adenosine 
(111) are highly cytotoxic to human epidermoid carci- 
noma cells, No. 2, in  culture. The concentration of I1 
producing 50% inhibition of growth (ED,,), deter- 
mined by protein measurements, was about 0.3 mcg./ 
ml. The cytotoxicity of 111 is essentially the same; values 
of EDho determined by this method and by the clone- 
colony method were about 0.7 (4) and 0.2 mcg./ml. 
(6), respectively. The fact that I1 is tolerated in oioo at 
higher doses than 111 suggests that the observed activity 
in uioo may be due to greater selectivity in the action of 
11. 


(1) Y. F. Shealy and J. D. Clayton, J.  Amer. Cliem. SOC., 88, 


(2) Ibid., 91,3075(1969). 
(3) Y. F. Shealy and C. A. O’Dell, Tefraliedron Leu., 1969, 
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3885( 1966). 
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26, 730(1967). 


1 106 cells implantcd on Day I .  
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Failure of USP Tablet Disintegration Test to 
Predict Performance in Man 


~~ 


Key phrases 0 Aminosalicylic acid entericcoated tablets--results 
of compendial disintegration testing compared to plasma levels in 
man 0 Plasma levels, aminosalicylic acid and metabolites-after 
administration of entericcoated tablets, compared to dissolution 
data 0 Tablet disintegration, compendial method-results for 
entericcoated aminosalicylic acid tablets compared to plasma 
levels in man Excretion, fecal-enteric-coated aminosalicylic 
acid tablets, man 


Sir: 
An enteric-coated tablet of aminosalicylic acid I, 


purchased on the open market in the United States by 
the Food and Drug Administration (FDA), was shown 
to pass all USP specifications in the FDA laboratories. 
In a four-way crossover study in eight normal adult 
volunteers, single oral doses of either 1 g. of amino- 
salicylic acid or the equivalent of 1 g. of the acid were 
administered as the enteric-coated tablet’, a com- 
pressed tablet of aminosalicylic acid, a suspension of 
aminosalicylic acid in water, and a solution of the so- 
dium aminosalicylate in water. 


Blood samples were taken at 0, 0.33, 0.67, 1, 2, 3, 4, 
6, 8, 12, and 24 hr. postadministration of each dose. 
The plasma samples, derived from the blood, were 
assayed for both aminosalicylic acid and its metabolite, 
N-acetyl-p-aminosalicylic acid, by a new specific an- 
alytical method (1). Plasma samples of all eight sub- 
jects at each sampling time assayed “zero” for both 
drug and metabolite following oral administration of 
the enteric-coated tablet. The assay sensitivity level 
was 0.5 mcg./ml. The average peak plasma levels of 


~~ 


* 4-Aminosalicylic acid; Parasal enteric-coated 0.5-0. tablet (Lot 
No. 722165B). containing 0.5 g. aminosalicylic acid USP (Panray Di- 
vision of Ormont Drug and Chemical). The other dosage forms had 
the same trademark and were made by the same manufacturer. 


unchanged drug were 43.5, 16.7, and 8.86 mcg./ml. 
following oral administration of the solution, the sus- 
pension, and the compressed tablet, respectively. Drug 
levels were measurable over 6-8 hr .  following the 
latter three dosage forms. The average peak plasma 
levels of the metabolite were 11.6, 12.3, and 10.9 mcg./ 
ml. following the solution, the suspension, and the 
compressed tablet, respectively. Metabolite levels were 
measurable over 6-8 hr. following these dosage forms. 
Detailed results of this study will be published. 


Since we did not know about the zero plasma levels 
of unchanged drug and metabolite in  every subject 
following the enteric-coated tablet until all assays were 
completed, we never thought to ask the subjects to 
check their stools for intact tablets or large fragments of 
tablets. After the results were known, however, one of 
the eight subjects volunteered to take two more of the 
enteric-coated tablets. One tablet was excreted in his 
feces essentially intact (but with a small “hole” in one 
face) about 30 hr. postingestion. The other tablet did 
break up, but large pieces were excreted in the same 
feces. Figure 1 is a photograph showing the original 
intact tablet as it appeared before ingestion and the 
essentially intact tablet and the large fragments of the 
other tablet that were isolated from the feces. After 
photographing, the drug content of the material isolated 
from the feces was determined. The essentially intact 
tablet isolated from the feces assayed 489 mg. ( 9 8 x  of 
labeled dose), and the fragments* of the other tablet 
assayed 240 mg. (48 % of labeled dose). 


It is obvious that an enteric-coated tablet that gave 
zero plasma levels of bioactive aminosalicylate and 
that was excreted in the feces would be clinically in- 
effective. It would be unethical to perform a clinical 
study in patients with tuberculosis to prove such a 
point, The results obtained are attributable to both 
poor disintegration of the tablets and slow dissolution 
of drug from the fragments of the tablets once they did 
disintegrate or the coating ruptured. This was readily 


Figure l-(Top) Enterir-coated tublet before ingestion. (Bottom) 
Enteric-coated tablets excreted in the ,feces. 


* Only some fragments were recovered. Since some remained in the 
feces, the assay is lower than it should be. 
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Fluorometric Determination of Epinephrine in 
Low Dosage Injections and in 
Lidocaine Hydrochloride-Epinephrine Combinations 


THERON JAMES 


Abstract 0 A procedure is reported for determining epinephrine in 
low dosage injections and in combination with lidocaine hydro- 
chloride. Epinephrine is eluted from a buffer column as its ion-pair 
with di(2-ethylhexyl)phosphoric acid in ether, extracted into hydro- 
chloric acid, and determined fluorometrically. The method deter- 
mines unchanged epinephrine by isolating it from its sulfonic acid 
and other decomposition products; it is a measure of the stability of 
epinephrine in solution and can be modified to include an assay for 
lidocaine hydrochloride. When synthetic mixtures of epinephrine 
and epinephrinelidocaine hydrochloride were analyzed by the 
proposed procedures, recoveries for epinephrine ranged from 98.5 
to 101.3%, and recoveries for lidocaine hydrochloride ranged from 
98.6 to 101.7 %. Assay results on 23 different commercial samples of 
varying potencies and combinations are also reported. 


Keyphrases 0 Epinephrine-separation, analysis in low dosage 
injections and combinations with lidocaine hydrochloride 0 
Lidocaine hydrochlorideepinephrine mixtures-separation, anal- 
ysis of epinephrine 0 Partition chromatography-extraction of 
epinephrine as ion-pair with di(2-ethylhexy1)phosphoric acid 0 
Di(2-ethyIhexyl)phosphoric acid-used in ion-pair partition chro- 
matography of epinephrine 0 Spectrophotofluorometry-analysis, 
epinephrine in low dosage injections and combinations with lido- 
caine hydrochloride 


Recent evidence suggests that low dosage epinephrine 
solutions (0.01-0.1 mg./ml.) are not very stable in the 
presence of bisulfite, which reacts with epinephrine to 
produce epinephrine sulfonic acid, a physiologically in- 
active derivative. Conditions for this ester reaction were 
discussed previously (1, 2). Nevertheless, bisulfite is 
commonly added to this type of preparation because it 
is necessary to prevent adrenochrome formation. 


Compounding an already complex situation, assay 
procedures for epinephrine are limited in scope and 
specificity and involve very tedious and complex ma- 
nipulations. The USP XVIII (3) procedures for epi- 
nephrine injection and solution are based on its optical 
rotation and, as such, require at least 30 mg. of epineph- 
rine for the assay. Obviously, this method is not ap- 
plicable to low dosage epinephrine solutions. 


Colorimetric methods (4, 5 )  can be extended to low 
levels of epinephrine but will not selectively determine 
epinephrine in the presence of epinephrine sulfonic acid 
and other decomposition products. 


Hellberg's fluorometric procedure (6) is applicable to 
low levels of epinephrine and detects only the unchanged 
epinephrine. This method is a modification of the tri- 
hydroxyindole reaction first observed by Loew (7), and 
many other variations have been tried (8-17). The large 
number of published modifications attests to the fact 
that the assay is subject to many variables and inter- 
ferences. Time, temperature, pH, type of oxidizing 
agent, presence of reducing agents, and composition of 


the final alkali-ascorbate mixture all affect the stability 
and sensitivity of the fluorescent lutine produced. Ad- 
ditionally, the bisulfite generally found in commercial 
preparations hampers the development of fluorescence 
(6). The USP XVIII procedure for epinephrine in lido- 
caine hydrochloride injections (1 s), still another var- 
iation of Hellberg's procedure, compensates for the 
presence of bisulfite by adding it to the standard. 


Boon and Mace (19) reported a GC determination 
of epinephrine which involved ion-pair extraction and 
the formation of a derivative with N,O-bis(trimethy1- 
sily1)acetamide. The method also included a concentra- 
tion step for low dosage forms. Reproducibility was 
estimated to be only f 10 %. 


The trend now appears to be toward automated or 
semi-automated methods (20-22). Automated methods 
offer several advantages, chief of which are the reduction 
of human error and the normalization of errors inherent 
in manual procedures. However, in spite of the recent 
advances in automation, a reliable manual method 
would still be a more efficient and expedient way to 
analyze an occasional sample. 


Levine and Doyle (23) extracted phenylephrine quan- 
titatively by using partition chromatography with an 
ether solution of di(2-ethy1hexyl)phosphoric acid. The 
same general procedure was used by Welsh and Sammul 
(24) to determine isoproterenol in deteriorated inhala- 
tions and injections. In their work the di(2-ethylhexy1)- 
phosphoric acid-ether mobile phase extracted the iso- 
proterenol--di(2-ethylhexyl)phosphoric acid ion-pair, 
while the isoproterenol sulfonic acid remained in the 
stationary phase. 


Welsh and Sammul (24) also reported standard re- 
covery data for several substances related to isoproter- 
enol, including epinephrine. By using their extraction 
procedure, a method has been developed to assay un- 
changed epinephrine in low dosage forms. A portion of 
sample is buffered to pH 5.6 and incorporated into a 
diatomaceous earth' column. Epinephrine is eluted 
with an ether solution of di(2-ethylhexy1)phosphoric 
acid, extracted into dilute hydrochloric acid, and deter- 
mined fluorometrically. 


This partition system, with some modification, is also 
effective in the analysis of epinephrine and lidocaine 
hydrochloride in combination. An ether wash of the 
sample column, prior to the elution of epinephrine, re- 
moves most of the lidocaine hydrochloride, which is 
subsequently trapped on a hydrochloric acid column. 
Chloroform removes the last traces of lidocaine hydro- 


1 Celite 545, Johns-Manville Corp.. New York, N. Y. 
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TaMe I-Recovery of Epinephrine and Lidocaine Hydrochloride 
from Synthetic Mixtures 


TaMe 11-Assay of Commercial Epinephrine Samples 


Epinephrine 
Declared, Epinephrine Percent of 


Sample mg./ml. Found, mg./ml. Declared 
Lidocaine 


Epinephrine Hydrochloride 
Sample Recovery, % Recovery, % 


1 
2 
3 


0.01 
0.01 
0.01 


0.0062 
0.0052 
0.0076 


62 
52 
76 


I(O.01 mg./ml. 
epinephrine) 


98.5 
100. 2 
im.2 
100.5 
99.5 


4 
5 
6 
7 


0.02 
0.02 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 


0.0140 
0.0182 
0.078 


70 
91 
78 .-  
100 
107 
108 


Average = 99.8 


99.9 
98.9 
100.9 
98.8 
98.9 
99.1 


SD = 0.80% 
0. 100 
0.107 
0.108 
0.088 


8 
9 


10 I1 (0.01 mg./ml. 
epinephrine, 
1 % lidocaine 
hydrochloride) 


99.4 
99.4 


88 
111 
110 
113 
85 


1 1  0.111 . 


101.1 
101.7 
100.2 


~~ 


12 
13 
14 


0 .  i 
0.1 


10 


o.ii0 
0.113 
8.45 


99.2 
Average = 100.2 


SD = 1.03% 
Average = 99.4 


SD = 0.83% Adjust the spectrophotofluorometer to about 70x relative 
fluorescence intensity at 334 nm., reading percent fluorescence at  
maximum. Use ether-saturated 0.1 N HCI as a blank. 


B: Samples Containing Lidoccrine Hydrochloride--Prepare the 
sample column as under Procedure A. Mount a second column, 
prepared with 3 g. of diatomaceous earth and 2 ml. of I N HCI, 
directly below the sample column. Pass 150 ml. ofether through both 
columns and discard wash. Change receivers to a 400-ml. beaker and 
elute through both columns with 50 ml. of chloroform. Rinse the 
tip of sample column with chloroform and separate columns. 


Continue eluting lidocaine hydrochloride from second column 
with chloroform, collecting about 200 ml. Evaporate eluate to dry- 
ness, dissolve residue in 0.1 N HCI, and dilute to a lidocaine hydro- 
chloride concentration of about 0.3 rng./rnl. Determine the absor- 
bance of this solution a t  262 nm. 


Wash sample column with 25 ml. ether and elute epinephrine as 
under Procedure A. 


111 (0.01 mg./ml. 
epinephrine, 
2 z  lidocaine 
hydrochloride) 


100.0 
101.3 
100.0 
100.0 


99.7 
99.9 
99.7 
98.6 


Average = 99.5 
SD = 0.59% 


Average = 100.4 
S D =  0.64% 


chloride from the sample column, and additional 
chloroform elutes lidocaine hydrochloride quantita- 
tively from the acid column. 


EXPERIMENTAL 


Appratlrs-Fluorescence measurements were made using a 
recording spectrophototluorometer* with lcm. cells. The following 
instrument parameters were employed: xenon lamp; meter multi- 
plier, 0.01 ; sensitivity, 20-25; 1 PZI photomultiplier; slit arrange- 
ment No. 4; excitation wavelength, about 281 nm.; and emission 
wavelength, about 334 nm. 
UV spectra were obtained using a recording spectrophotometera. 
B0Ji.r (pH 5.6)-Mix 1.5 volumes of 1 M dibasic potassium phos- 


phate with 8.5 volumes of 1 M monobasic potassium phosphate. 
Adjust to pH 5.60 f 0.05. 


Sturrdurd Solutions-The following were used: (a) epinephrine 
bitartrate, 2.16 mcg./ml. (about 1.2 mcg./ml. epinephrine base) 
in ether-saturated 0.1 N HCI; and ( b )  lidocaine hydrochloride 
monohydrate, 0.33 mg./ml. in 0.1 N HCI. 


Sample Preparation-If necessary, dilute an accurately measured 
volume of sample to an epinephrine concentration of 10 mcg./ml. 
using pH 5.6 buffer solution. 


Procedure-Use water-saturated solvents throughout. 
A: Swnples witlrout Lidocuine Hydrochloride-Transfer a mixture 


of 1 g. of acid-washed diatomaceous earth with 1 ml. of pH 5.6 
buffer to a glass chromatographic column containing a pledget of 
glass wool, and tamp to uniform mass. Into a beaker, pipet 3.0 ml. 
of sample preparation, add 3.0 ml. of pH 5.6 buffer, and swirl to 
mix. Add 7 g. of diatomaceous earth, mix thoroughly, and add to 
column in portions, tamping moderately after each addition. 


Wash prepared column with 100 ml. of ether and discard wash. 
Place a separator containing 10 ml. of 0.1 N HCI as a receiver under 
the column. Elute epinephrine with 50 ml. of a 1.5 in 50 solution of 
di(2-ethylhexyl)phosphoric acid in ether, followed by 25 ml. of 
ether. 


After all ether has passed through the column, shake separator 
vigorously for 2 min. Allow layers to separate and then collect the 
acid layer in a 25-ml. volumetric flask. Repeat extraction with an- 
other 10 ml. of 0.1 N HCI, again collecting the acid in the volumetric 
flask. Finally, dilute to volume with 0.1 N HCI and mix. 


RESULTS AND DISCUSSION 


The method isolates unchanged epinephrine from its sulfonic acid 
and from lidocaine hydrochloride by utilizing ion-pair formation 
and partition chromatography. The ether wash removes parabens 
from the buffer column, along with 90-95x of the lidocaine hydro- 
chloride, if  present. Lidocaine hydrochloride is trapped on the 1 N 
hydrochloric acid column while parabens pass through and are dis- 
carded. The lidocaine hydrochloride remaining on the buffer column 
is eluted with chloroform, and the total lidocaine hydrochloride is 
then quantitatively eluted from the acid column with additional 
chloroform. 


The procedure for epinephrine, while not as sensitive as the USP 
XVllI  (18) procedure. does afford more simplicity and stability. 
However, two precautions should be observed: 


1. The pH of the sample column should not be below 5.2; other- 
wise, incomplete extraction might occur. 


2. The final standard solution should be prepared in ether- 
saturated 0.1 N HCI. Ether-saturated hydrochloric acid apparently 
enhances the fluorescence of epinephrine by about 8 %. 


Three synthetic solutions, each containing 0.01 rng./ml. epi- 
nephrine and from 0 to 2% lidocaine hydrochloride, were prepared 


TaMe 111-Assay of Commercial Epinephrine-Lidocaine 
Hydrochloride Samples 


Lidocaine Hydrochloride, 
----mg./ml.--- 
Declared Found 


10 9.40 
10 9.59 
10 10.0 
20 19.0 
20 19.0 
20 20.4 
20 20.6 
20 20.2 
20 19.3 


-Epinephrine, mg./ml.- 
Declared Found 


0.01 0.0021 
0.01 0.0051 
0.01 0.0083 
0.01 0.0061 
0.01 0.0073 
0.01 0.0083 
0.01 0.0081 
0.01 0.0081 
0.01 0.0102 


Sample 


1 
2 
3 
4 


2 Aminco-Bowman spectrophotofluorometer, American Instrument 
5 Cary model 15 spectrophotometer. Applied Physics Corp.. Monro- 


Co.. Silver Spring, Md. 


via, Calif. 
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with the common excipients methyl paraben and sodium chloride 
in a buffer solution. Replicate analyses of these solutions are pre- 
sented in Table 1. 


Several commercial samples were assayed by the proposed pro- 
cedure (Tables I I  and 111). Judging from the results, there appears to 
be a significant problem of epinephrine deterioration. Most samples 
over 6 months in age showed some decomposition. Samples con- 
taining 0.02 mg./ml. or less of epinephrine had higher and more 
severe incidences of decomposition. Additionally, samples that 
assayed less than 75% of the declared value often had wide varia- 
tions from vial to vial; individual vial analyses of one sample 
ranged from 48 to 71 %. This would indicate that the rate of de- 
composition is not constant. Several factors, including storage con- 
ditions, pH, substrate composition, and bisulfite concentration, 
may affect the rate of decomposition, but a discussion of these 
factors is not within the scope of this report. The cogent element of 
the method presented here is that it measures the stability of epi- 
nephrine in commercial preparations, whatever the factors affecting 
that stability may be. 
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Design and Evaluation of a Rotating 
Filter-Stationary Basket In Vitro Dissolution Test Apparatus I: 
Fixed Fluid Volume System 


ASHOK C. SHAH’, CRAIG B. PEOT, and JOHN F. OCHS 


Abstract 0 The apparatus described in this report provides a reli- 
able and convenient means for determining iri rirro dissolution 
characteristics of tablets, capsules, powders, suspensions, and most 
other solid drug dosage forms. Basic components of the apparatus 
are a perforated stationary sample basket, a rotating filter-stirrer 
assembly, and a closed jacketed dissolution fluid container. Among 
major advantages of the apparatus are: (a) precision-controlled 
variable intensity of mild laminar liquid agitation; (6 )  continuous or 
intermittent filtration of representative dissolution fluid samples 
through a nonclogging, microporous, itr sifu filter for automated or 
manual dissolution rate determinations; (c)  convenient means for 
introducing solid samples in a stationary basket and positioning at a 
set level in the fluid medium; ( d )  minimal mechanical impacts, 
abrasion, and wear of the solid sample, with the retainment of its 


microenvironment during the dissolution process; and (e) simul- 
taneous determinations of disintegration-dissolution rates of 
tablets and capsules. Studies performed using this apparatus are 
described to demonstrate its reproducibility, reliability, and applica- 
tion versatility as a research, development, and yuality control 
test apparatus. Dissolution rates of five different tablet lots of an 
antidiabetic drug evaluated by this apparatus correlated with their 
in uiuo activity. A multiple-test system for the simultaneous auto- 
mated determination of six dissolution rates is described. 


Keyphrases 0 Dissolution equipment-design and evaluation of a 
rotating filter-stationary basket apparatus, compared to cornpendial 
methods 0 Rotating filter-stationary basket dissolution apparatus- 
design and evaluation, compared to cornpendial methods 


I t  is now generally recognized that the dissolution 
rate of a drug from its solid dosage form can become 
the rate-limiting process in the physiological avail- 


ability and in oioo absorption of the drug. In recent 
years, therefore, considerable interest has been focused 
on the development of a reliable in oitro dissolution test 
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the analysis of variance. Heavy emphasis is given to nonparametric 
procedures. 


The “Black Magic Assay of Purity in Heart” used to illustrate 
binomial sampling is an example of whimsical but dective treat- 
ment of a number of topics. The most valuable part of the book, 
from the standpoint of biomedical research, is the three chapters 
bringing together the relationship between two variables and cor- 
relation, as well as assays and calibration curves. Illustrations of the 
individual effective dose, direct assays, all-or-none responses, and 
the probit transformation conclude the book. 


The two appendixes develop more rigorously some of the mathe- 
matical concepts outlined in earlier chapters. An example of this is a 
”stochastic view of the adsorption of molecules from solution.” 


A unique feature of the book is the extensive cross-referencing to 
related topics in other parts of the book which is very good even if it 
may sometimes interfere with the reader’s train of thought. The text 
is remarkably free from typographical errors. While this reviewer 
did not check out all of the computation in the numerous examples, 
it does seem to be in order. 


With the increasing emphasis on bioavailability studies found 
today, this book is certainly to be recommended to students in 
biology, pharmacy, and medicine as an introduction to the correct 
application of statistical concepts and techniques to their chosen 
field of efIort. 


Reaiewed by H. Latham Breunig 
Eli filly and Company 
Indianapolis, IN 46206 8 


Ups and Do-, Dhgging and Duplng. By J. RICE, M.D. Macmillan, 
866 Third Ave., New York, NY 10022, 1972. 214 pp. 13.5 X 21 
cm. Price S5.95. 
As another book on drug abuse, this publication has more to com- 


mend it to the lay reader than many others. It is readable; reason- 
ably comprehensive, covering not only commonly abused drugs but 
also over-the-counter products, alcohol, and nicotine; and well 
documented. This book is not intended for the technical reader; 
however, it does present good and understandable summaries of 
research efforts in certain areas. 


Staff Reoiew 8 


Opiates and Their Al(enrates for Pain and Coup$ Relief. Report of a 
WHO Sdentiflc Group. World Health Organization Technical 
Report Series. World Health Organization, Geneva, Switzerland 
(available from American Public Health Association, Inc., 1015 
18th St., NW, Washington, DC 20036), 1972. 30 pp. 16 X 24 
cm. Price $0.75. 
This report considers marketed drugs that have already been 


evaluated objectively by controlled clinical trials and subjected to 
clinical scrutiny. Effectiveness for relief of mild-to-severe pain uses 


morphine as the reference; cough relief &ectiveness is related to 
codeine. Psychic or physical dependence and tolerance capacities are 
discussed. 


StaffReview 8 


Chemist and Druggh Directory 1972 and Tablet & Capsule I-- 
catfaa Guide. Berm Brothers Limited, Bouverie House, 154 Fleet 
Street, London, EC4 2DL. England, 1972.332 pp. 20.5 X 28 cm. 
Price 56.00. 
This publication is a useful reference for information on British 


drug products and related pharmaceutical organizations, facilities, 
laws, services, and miscellaneous information. It is thumbtabbed 
into 10 sections to facilitate use. 


Staff Review 8 
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Cactus Alkaloids XVI: Isolation and 
Identification of Alkaloids in Coryphantha ramillosa 


P. T. SATO, J. M. NEAL, L. R. BRADY, and J. L. McLAUGHLIN’ 


Abstract 0 The cactus genus Coryphantha has been reported to 
contain certain 8-phenethylamine alkaloids. In this investigation, 
a Texas species, C. ramillosa Cutak, yielded five alkaloids which 
were isolated chromatographically and crystallized as their hydro- 
chloride salts, The isolated compounds were identified as N- 
methyl-4-methoxy-8-phenethylamine hydrochloride, hordenine 
hydrochloride, N-methyltyramine hydrochloride, synephrine hy- 
drochloride, and 8-0-methylsynephrine hydrochloride, all of which 
have been previously identified in other Coryphmrhu species. 


Keyphrases 0 Cactus alkaloids-isolation, identification of alka- 
loids in Coryphanrha ramillosa 0 Coryphanrha ramil/osa-iso- 
lation, identification of alkaloidal content 0 Medicinal plants- 
isolation, identification of alkaloids in Coryphanthu ramillosa 0 
TLC-isolation, identification, alkaloids in Coryphantha ramillosa 


Folk medicine of various peoples of the world has, of 
necessity, included many different plant drugs (1). One 
such product is the peyote cactus, which is still used as 
an amulet, hallucinogen, and panacea by the Indians 
of Mexico and the southwestern United States (2, 3). 
Phytochemical investigations of the peyote cactus, or 
Lophophora williamsii (Lem.) Coult., have shown the 
presence of mescaline, mescaline analogs (p- 
phenethylamines), tetrahydroisoquinolines, and other 
compounds, the presence of which explains some of the 
claimed effects of this plant (4-6). The hallucinogen, 
mescaline, has also been found in some other cactus 
species, especially in members of the South American 
genus trichocereus (7-9). 


Knowledge of the alkaloid content of various cacti 


is significant since it can help to explain or disprove the 
claimed physiological effects of a particular species. 
Unfortunately, knowledge of the phytochemical distri- 
bution of even the various known cactus alkaloids is 
quite incomplete. The genus Coryphantha is a good ex- 
ample. This genus contains approximately 60 species 
(10, 11). C. palmeri Br. and R. has been reported to have 
folkloric use as a “narcotic” 712), and C. macromeris 
(Engelm.) Br. and R. has ostensibly obtained some 
stature as a “natural and legal” psychedelic (13). The 
presence of macromerine and normacromerifle in this 
latter species may explain these reputed effects (14). 
The screening of seven species of Coryphanlho pre- 
viously demonstrated the presence of alkaloids in all 
seven, and six 8-phenethylamines have been isolated 
and/or identified in C. cornifera (DC.) Br. and R. var. 
echinus (Engelm.) L. Benson (15). No information is 
available in the literature regarding the phytoehemistry 
of C .  ramillosa Cutak, a species from southern Texas 
and north-central Mexico. Although it has no recorded 
folkloric uses, it was selected for study in a search for 
unusual cactus alkaloids that might have psychotropic 
potential. 


EXPERIMENTAL 


Plant MaterialSpecimens of the cactus were purchased’, and 


* From Homer A. Jones, Southwest Cactus Co., Alpine, Tex. 
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identification of the plants was made by cornparison with the 
description of Renson (1 a)*. 


The cacti were sliced and thoroughly dried in a forced air oven 
at  48" for several days. The dry weight of the plant material was 
1.3 kg., representing a weight loss of 3.3 kg. (72x  moisture). The 
dried plant material was then comminuted in a large Wiley mill to 
obtain a coarse powder. 
Preparation of Crude Alkaloid Fractions-The powdered plant 


material was defatted, basified, and extracted cia chloroformic 
percolation as previously described (17, 18). Condensing the 
filtered chloroform extract produced a thick syrup, which was 
extracted with two successive 250-ml. portions of 1 N HCI; emul- 
sions were treated essentially as was previously reported (19). 
After filtrcltion, the aqueous solutions were combined and extracied 
with two successive 5OO-ml. volumes each of chloroform and ethyl 
ether to remove organic-soluble. nonalkaloidal material. The 
pH of the aqueous solution was then adjusted to  10.5 (pH meter) 
with 7.5 N sodium hydroxide, and alkaloids were extracted from 
the basic aqueous solution with three successive 500-ml. volumes 
each of chloroform and ethyl ether. These organic extracts were 
dried over anhydrous sodium sulfate, filtered, combined, and 
condensed under rotary vacuum to yield a residue (crude alkaloid 
Fraction A). 


In previous studies it had been observed that the organic-ex- 
tracted, basic, aqueous solution would still retain some water- 
soluble 8-phenethylamines such as tyramine (1 9). Consequently, 
this solution was placed under rotaty vacuum to remove traces of 
organic solvents and was then freeze dried. The residue from the 
lyophilization, largely sodium chloride, was extracted repeatedly 
with portions of an absolute ethanol-chloroform (1 :9) mixture 
until the filtrates appeared colorless. The combined filtrates were 
then condensed under rotary vacuum to a small volume (crude 
alkaloid Fraction B). 


Crude alkaloid Fraction A was separated into phenolic and non- 
phenolic portions by using an hnion-exchange resin. The alkaloid 
fraction, dissolved in ethanol, was passed down a basic ionex- 
changeJ column, and the phenolic and nonphenolic portions were 
obtained as previously described (1 7). 


mC-Previously described TLC techniques were used analyti- 
cally to provide a tentative identification of alkaloids in the ex- 
tracts and preparatively to separate the components (15, 17, 18,B). 
Analytical TLC plates were prepared with a 0.25-mm. layer of 
silica gel G. and preparative plates were prepared with a I-mm. 
layer of silica gel PF2,,4. Analytical and preparative separations 
were achieved by the use of the following solvent systems: Solvent 
A, ethyl ether-methanol-28% ammonium hydroxide (B:2: 1); 
Solvent B, ethyl ether-methanol-28 x ammonium hydroxide 
(17 : 2 : 1); and Solvent C, chloroform-methanol-28 Z ammonium 
hydroxide (80:B: 1). Solvent D, ethyl acetate-methanol-28z 
ammonium hydroxide (17:2:1), and Solvent E, bemn-hloro- 
form-methanol-2$% ammonium hydroxide (8:6:2: 1). were used 
analytically only. The alkaloids were detected using dansyl chloride 
(0.05% in acetone) and tetrazotized benzidine spray reagents (17). 
The Rj values are not reported since routine chromatography with 
reference compounds provided a superior type of presumptive 
identification. 
Resolution of Nonphewlic AUrnldds from Fraction A-Analytical 


TLC revealed that this fraction contained a single predominant 
alkaloid with only traces of other cornpounds. The entire extract, 
dissolved in ethanol, was streaked as a narrow band (21) onto five 
preparative TLC plates and developed with Solvent A. The com- 
pound was readily detected under UV light, and the appropriate 
bands were removed. The alkaloid was leached from the combined 
bands of the five plates by washing with 5 ml. of ammoniacal ethanol 
(28% ammonium hydroxide-ethanol, 1 :19), centrifuging, and re.- 
washing the adsorbent with two additional Sml. portions of the 
basic ethanol. 


After filtration, the combined washing were reduced to near 
dryness under rotary vacuum. The residue was redissolved in a 
small amount of absolute ethanol. Analytical TfX indicated that 


'.A freeze-dried s ecimen was sent to Dr. L. Benoon, Director. Her- 
banum of Pomona 8olle e, Claremont. Calif who confirmed the iden- 
tification and assigned i e  specimen herbar& No. 317944. In addi- 
tion, livin plants are being maintained for future reference in the green- 
house of tie Drug Plant Laborato 


* Ambe-rlite IRA 401s C.P.. Ma%nckrodt Ciemical Works. 
4 Brlnkmann Instruments, Inc. 


Univenit of Washington. 


the alkaloid was chromatographically pure, The solution was then 
acidified (moist pH paper) with anhydrous hydrochloric acid in 
absolute ethanol (5% w/w). Ethyl ether was slowly added and 
the solution was refrigerated to cause crystallization of the hy- 
drochloride salt. 


IhtiRcation of Major N o n p b d c  AUraldd-Analytical TLC in 
Solvents A. B, D, and E of the major nonphenolic alkaloid and 
comparison with reference compounds (15) suggested that the alka- 
loid was N-methyl-4-methoxy-6-phenethylamine. The melting 
points5 and mixed melting point were identical to  that of authentic 
N-methyl-4-methoxy-@-phenethylamine hydrochloride (1 82.5-1 84 "). 
The IR spectra6 of the isolated and synthesized compounds were 
essentially the same, with distinctive absorption peaks noted at  
1600, 1510, 1475, and 1095 cm.-l. An interpretation of the NMR 
spectrum7 of the isolated material was also consistent with that 
expected and observed for N-methyl-4-methoxy-B-phenethylamine 
hydrochloride. A pair of doublets centered a t  7.1 6 integrated for 
four protons (aromatic), a three-proton singlet was noted at  3.8 6 
(@methyl), a diffuse doublet integrating for four protons was cen- 
tered at  3.1 6 (methylene), and a three-proton singlet was Seen 
at 2.7 6 (N-methyl). The molecular ion (m/e 165) observed upon 
mass spectromete of the isolated material was in agreement with 
the molecular weight of the proposed structure. 
Resolution of Phenolic Alkaloid6 from Fraction A-Analytical 


TLC of this fraction revealed the presence of four major alkaloids. 
The extract was streaked as a narrow band onto eight preparative 
TLC plates. The first plate was developed once with Solvent B. 
and the remaining seven plates were developed twice with Solvent 
B, allowing a 15-min. interval of air drying between developments. 
Visualization under UV light allowed the detection of four major 
bands, which were removed and eluted with ammoniacal ethanol 
as already described. The residues of each of the four bands were 
dissolved in an amount of absolute ethanol suitable for analytical 
TLC. 
Resolution of Alkaloids from Fraction &Analytical TLC of this 


fraction indicated that it contained the same major alkaloids as 
observed in the phenolic portion of crude alkaloid Fraction A. This 
observation suggested the possibility of obtaining these phenolic 
alkaloids without passing the fraction through the anionexchange 
column. 


Upon storage of this concentrated fraction in ethanol and under 
refrigeration, abundant crystallization occurred. The crystals were 
filtered, rinsed twice with cold ethanol, and recrystallized from 
boiling benzene. The crystals were then converted to  the hydro- 
chloride salt as already described. 


Separation of the alkaloids in the combined mother liquors from 
the ethanol and benzene crystallizations was achieved by prepara- 
tive TLC. This material was applied as a narrow band onto 42 
preparative plates, which were developed twice with Solvent B. 
The four major bands (A, B, C. and D, lettering from the top of the 
plate downward) were recovered, and each was eluted with 30 ml. 
of the ammoniacal ethanol followed by two elutions of 30 ml. each 
of ethanol. The eluants for each band were filtered, combined, and 
concentrated to dryness under rotary vacuum. 


Further analytical TLC (appropriate selection of Solvent B, C. 
D, or E) with portions of these residues and the residues from the 
four phenolic alkaloid bands of Fraction A, with 1CLmcg. quantities 
of reference compounds, provided tentative identifications of the 
phenolic alkaloids. Slight contamination of band B was observed; 
to purify this band, further preparative TLC was employed with 
Solvent C. Crystalline hydrochloride salts of the four compounds 
were then prepared as previously described. 


Identifieation of Major Phenolic Alkaloids-The four major 
phenolic alkaloids, purified from Fractions A and B, had the same 
chromatographic properties as hordenine. 8-0-methylsynephrine, 
N-methyltyramine, and synephrine. Since the alkaloids from F r a ~  
tion B and the phenolic portion of Fraction A were identical, studies 
for verification of identity were carried out only with the crystalline 
alkaloids obtained from the respective bands of Fraction B. 


Cochromatography of authentic hordenine and the crystals that 
were obtained prior to preparative TLC of Fraction B showed that 
these two compounds were identical. Analytical TLC (Solvents B 


6 Fisher-Johns melting-point apparatus, uncorrected. 
7 Varian T-60. usinn 10 mp. ofthe hvdrochloride in tetradeuterated 


KBr pellets. Beckman IRSA s ectrophotometer. 
methanol in a mlroceii. - 


8 Performed at Hoffmann-La Roche Laboratories. 
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and D) further confirmed that band A corresponded to  these crys- 
tals. Melting points and mixed melting points of authentic horde- 
nine hydrochloride and the hydrochloride of this alkaloid were 
identical (180.5-181.5"). The IR spectra of hordenine hydrochloride 
and the isolated compound were also comparable, with distinctive 
absorption peaks in both spectra noted at  1610, 1512, 1454, and 
1348 cm.-*. 


Reference PO-methylsynephrine and band B consistently CD. 
chromatographed (Solvents B and C); their IR spectra, both as 
the hydrochlorides, exhibited absorption peaks at  2800, 1610, 1512, 
1355, 1265, and 1093 and agreed in their characteristic fea- 
tures. Additional analytical TLC revealed the presence of a slight 
contaminant in the isolated crystals, which was assumed to ex- 
plain three minor peaks present in the IR spectrum of only the 
isolated 8-0-meth ylsynephrine hydrochloride. The melting point 
of the isolated material was 182-184". and no melting-point de- 
pression was noted on admixture with synthetic (racemic) material. 
The isolated compound was optically inactive. 


TLC of band C (Solvents B, C. and D) and reference N-methyl- 
tyramiwrevealed the same chromatographic properties, and melting 
points of the isolated N-methyltyramine hydrochloride and ref- 
erence N-methyltyramine hydrochloride were identical (150-151 "). 
The IR spectra of both compounds, as the hydrochloride salts, 
were also comparable, with major absorption peaks noted at  1635, 
1555,1530,1368,1232, and 1191 cm.-1. 


Cochromatography of synthetic (racemic) synephrine and the 
alkaloid from band D (Solvents B. D, and E) revealed indistin- 
guishable chromatographic properties for the isolated and reference 
compounds. The major peaks of the IR spectra of the two as hy- 
drochlorides were very similar, with matching adsorption peaks at  
1610, 1512, and 1449 cm.-'. As previously noted (22), the IR 
spectra of salts of (-). and (*)-synephrine present generally com- 
parable absorption patterns but with some differences. The melting 
point of the hydrochloride of the isolated material was 166-167", 
in contrast to racemic synephrine hydrochloride which melted at  
156-158'. The salt of the isolated alkaloid was optically active: 
[a]: -52.0'. c 7.6 mg./ml. in absolute methanol. 


Cold Extraction F+rocess--To eliminate the possibilities that the 
alkaloids might have been enzymatically modified during the slow 
heat drying process, that some thermolabile alkaloids had been 
destroyed or altered, or that the small amount of basic methanol 
involved in the maceration and extraction process might have 
caused 8-0-methylation of syneprine (23). a second cactus sample 
was examined using a cold extraction process (24) and freeze-dried 
plant material. 


The freeze-dried plant (45.5 g.) was sliced and ground to a powder 
in a blender a t  low speed. Cold ethanol w a s  added and the mixture 
was blended for 25 min. The extract was filtered with the aid of 
reduced pressure and concentrated t o  50 ml. under rotary vacuum 
(water bath at  36'). About 50 ml. of 5 %  hydrochloric acid was 
added and the mixture was shaken Vigorously. This acidic ethanolic 
solution was extracted twice with 50-ml. portions of chloroform and 
twice with 50-ml. portions of ethyl ether. The pH of the aqueous 
fraction was then adjusted to 9.5 (pH meter) with 28x ammonium 
hydroxide. This extract was then run through a basic anionex- 
change column, in the manner previously described, to separate 
phenolic and nonphenolic portions. 


Comparison by analytical TLC of the nonphenolic portion ob- 
tained from the two different extraction methods revealed the same 
alkaloid composition. Resolution of the cold-processed non- 
phenolic extract to the point of crystallization also yielded the same 
compound as the procedure involving heat. 


Comparison of the cold-processed phenolic extract with the 
previous phenolic extract from Fraction A substantiated the pres- 
ence of the same alkaloid components in the phenolic extracts 
prepared by the two procedures. 


DISCUSSION AND CONCLUSIONS 


Chromatographic procedures have yielded the isolation of one 
nonphenolic and four phenolic alkaloids from C. d f o s a .  Using 
melting points, spectral properties, and chromatographic similari- 
ties in comparisons with authentic compounds, identification of the 
isolated alkaloids was achieved. The isolated nonphenolic alkaloid 
was established to be N-methyl-Qmethoxy-&phenethylarnine, and 
the identified phenolic alkaloids were hordenine, 8-0-methyl- 
synephrine, N-methyltyramine, and synephrine. 


Table I-Quantities of Alkaloids Isolated from 
Soxhlet-Extracted Sample of C. ramillosa 


~~ 


Hordenine hydrochloride 
N-Methyltyramine 


hydrochloride 
8-0-Methylsynephrine 


hydrochloride 
Synephrine hydrochloride 
N-Methyl-4-methoxy-fl- 


phenethylamne 
hydrochloride 


~~ 


Propor- 
tion of 
Total. Concen- 


Alkaloid tration 
Yield-, Fraction, in Cactusb. 


g. .z Zl 
11.530 91.8 0.73 


0.692 5 .5  0.043 


1.9 0.015 0.241 
0.090 0 .7  0.0057 


0.015 0 . 1  0.00092 


0 Reported yields represent the total quantities of a!kaloid sal? 
obtained upon processin 1.3 kg. of dried plant materml. Phenolic 
alkaloids were recovered from both Fractions A and B. b Calculated as 
free alkaloid base in dried plant material. 


Evidence was also obtained that indicated that the isolated 
compounds, especially 8-O-methylsynephrine which is believed 
to  be formed by 8-O-methylation of synephrine during the extrao 
tion of tangerine leaves (23), were not artifacts due to the drying 
and/or extraction processes. These possibilities were discounted 
when freeze-dried cactus material processed by a cold extraction 
procedure with ethanol yielded the s a ~  alkaloid composition as  
the initial extracts. Furthermore, no evidence for &Omethyl- 
synephrine formation was detected when reference synephrine was 
chromatographed with methanol-containing solvent systems. 
Presumably, the optical inactivity of the isolated 8-0-methylsyn- 
ephrine hydrochloride indicated the occurrence of racemization 
of the natural material during either natural methylation or ex- 
@action and purification. 


Analytical TLC evaluation illustrated that the five isolated alka- 
loids were present in the cactus in concentrations several times those 
of some unidentified trace alkaloids. The compound identified ds 
hordenine was the major alkaloid; it was present in concentrations 
greater than 10 times that of any other single alkaloid (Table I). 
Such a high concentration of hordenine has not been observed in 
any of our previous studies of the cactus alkaloids. 
N-Methyl-4-methoxy-8-phenethylamine was isolated previously 


from C. macmneris (Engelm.) Br. and R. var. runyonii L. Benson 
(a), Ariocarptq retusus Scheid. (25). and C. cornifera (DC.) Br. and 
R. var. echinus (Engelm.) L. Benson (15). Thus far, the natural oc- 
currence of this compound has only been reported in the Cactaceae. 
No pharmacologicar studies concerning any possible psychotropic 
effects of this compound have been reported. 


Hordenine and N-methyltyramine were previously isolated from 
several Cactus species as wen as  from other plant families (8, 15, 
17-20,24,26 interdia). Both are known to have weak sympathomi- 
metic activity (27-29). 


8-O-Methylsynephrine was isolated previously from the cactus 
C. cornifem var. echinus (15). No reported studies concerning its 
pharmacological activities were detected in the literature; however, 
a similar compound, fl-O-methylepinephrine, produces CNS 
stimulation (30). 


Traces of synephrine itself were detected previously in different 
coryphantha species, and it was isolated from C. macmmeris var. 
runyonii (24) as  well as from tangerine leaves (22). This compound 
is a known sympathomimetic (29). 


The presence of these sympathomimetic &phenethylamines in 
C. mmitlosa confers physiological activity on the cactus and sug- 
gests that consumption of it (minus the abundant spines. of course) 
might cause some stimulant effects. 


SUMMARY 


This investigation provides the first reported study of the alkaloid 
content of the cactus C. mmillosa. The isolated and identified 8- 
phenethylamine alkaloids included N-methyl-4-methoxy-8-phen- 
ethylarnine, hordenine, PO-methylsynephrine, N-methyltyramine, 
and synephrine. 
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Simplified NMR Spectra of Bifunctional Tropanes Induced by the 
Paramagnetic Shift Reagent Tris (dipivalomethanato) europium (111) 


GARY S. CHAPPELL’, BERNARD F. GRABOWSKI, ROBERT A. SANDMANN, 
and DAVID M. YOURTEE 


Abstract IJ Tris(dipivalomethanato)e~opium(llI) has beem used as 
an NMR shift reagent to obtain simpli6ed spectra of tropine, 


of coordination was secondary amine > secondary alcohol > 
tertiary amine h ketone. 


. . .~ 
systems containing two different heteroatoms. The observed order tra of bifuictionai tropanes 


Tris(dipivalomethanato)europium(III) (I) has been the 
most extensively studied of the NMR shift reagents now 
available. This reagent produces paramagnetic shifts 
that remarkably simplify the NMR spectra of com- 


pounds containing heteroatoms for coordinative bond- 
ing with the reagent lanthanide. 


The europium deshielded NMR represents a time- 
averaged spectrum between free substrate molecules 
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Failure of USP Tablet Disintegration Test to 
Predict Performance in Man 


~~ 


Key phrases 0 Aminosalicylic acid entericcoated tablets--results 
of compendial disintegration testing compared to plasma levels in 
man 0 Plasma levels, aminosalicylic acid and metabolites-after 
administration of entericcoated tablets, compared to dissolution 
data 0 Tablet disintegration, compendial method-results for 
entericcoated aminosalicylic acid tablets compared to plasma 
levels in man Excretion, fecal-enteric-coated aminosalicylic 
acid tablets, man 


Sir: 
An enteric-coated tablet of aminosalicylic acid I, 


purchased on the open market in the United States by 
the Food and Drug Administration (FDA), was shown 
to pass all USP specifications in the FDA laboratories. 
In a four-way crossover study in eight normal adult 
volunteers, single oral doses of either 1 g. of amino- 
salicylic acid or the equivalent of 1 g. of the acid were 
administered as the enteric-coated tablet’, a com- 
pressed tablet of aminosalicylic acid, a suspension of 
aminosalicylic acid in water, and a solution of the so- 
dium aminosalicylate in water. 


Blood samples were taken at 0, 0.33, 0.67, 1, 2, 3, 4, 
6, 8, 12, and 24 hr. postadministration of each dose. 
The plasma samples, derived from the blood, were 
assayed for both aminosalicylic acid and its metabolite, 
N-acetyl-p-aminosalicylic acid, by a new specific an- 
alytical method (1). Plasma samples of all eight sub- 
jects at each sampling time assayed “zero” for both 
drug and metabolite following oral administration of 
the enteric-coated tablet. The assay sensitivity level 
was 0.5 mcg./ml. The average peak plasma levels of 


~~ 


* 4-Aminosalicylic acid; Parasal enteric-coated 0.5-0. tablet (Lot 
No. 722165B). containing 0.5 g. aminosalicylic acid USP (Panray Di- 
vision of Ormont Drug and Chemical). The other dosage forms had 
the same trademark and were made by the same manufacturer. 


unchanged drug were 43.5, 16.7, and 8.86 mcg./ml. 
following oral administration of the solution, the sus- 
pension, and the compressed tablet, respectively. Drug 
levels were measurable over 6-8 hr .  following the 
latter three dosage forms. The average peak plasma 
levels of the metabolite were 11.6, 12.3, and 10.9 mcg./ 
ml. following the solution, the suspension, and the 
compressed tablet, respectively. Metabolite levels were 
measurable over 6-8 hr. following these dosage forms. 
Detailed results of this study will be published. 


Since we did not know about the zero plasma levels 
of unchanged drug and metabolite in  every subject 
following the enteric-coated tablet until all assays were 
completed, we never thought to ask the subjects to 
check their stools for intact tablets or large fragments of 
tablets. After the results were known, however, one of 
the eight subjects volunteered to take two more of the 
enteric-coated tablets. One tablet was excreted in his 
feces essentially intact (but with a small “hole” in one 
face) about 30 hr. postingestion. The other tablet did 
break up, but large pieces were excreted in the same 
feces. Figure 1 is a photograph showing the original 
intact tablet as it appeared before ingestion and the 
essentially intact tablet and the large fragments of the 
other tablet that were isolated from the feces. After 
photographing, the drug content of the material isolated 
from the feces was determined. The essentially intact 
tablet isolated from the feces assayed 489 mg. ( 9 8 x  of 
labeled dose), and the fragments* of the other tablet 
assayed 240 mg. (48 % of labeled dose). 


It is obvious that an enteric-coated tablet that gave 
zero plasma levels of bioactive aminosalicylate and 
that was excreted in the feces would be clinically in- 
effective. It would be unethical to perform a clinical 
study in patients with tuberculosis to prove such a 
point, The results obtained are attributable to both 
poor disintegration of the tablets and slow dissolution 
of drug from the fragments of the tablets once they did 
disintegrate or the coating ruptured. This was readily 


Figure l-(Top) Enterir-coated tublet before ingestion. (Bottom) 
Enteric-coated tablets excreted in the ,feces. 


* Only some fragments were recovered. Since some remained in the 
feces, the assay is lower than it should be. 
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shown by subjecting the tablets to in oitro test condi- 
tions in which the intensity of agitation was very much 
less than exists during performance of the USP tablet 
disintegration test. The flask and stirrer method of 
Poole (1969), as described by Wagner (2), was em- 
ployed. For the first 0.5 hr., the tablets were subjected 
to 0.1 N HCl with a stirring rate of 50 r.p.m. For the 
remainder of the test, the tablets were stirred in pH 
6.9 buffer, first at a stirring rate of 50 r.p.m. and then at 
a stirring rate of 200 r.p.m. Three of the enteric-coated 
tablets tested under these conditions exhibited initial 
cracks in the coatings after 230, 290, and 300 min. at 
50 r.p.m. and then slowly released 22.7,24.0, and 24.0% 
of the labeled dose over additional periods of 160, 60, 
and 40 min., respectively. When the stirring rate was in- 
creased to 200 r.p.m., these tablets eventually released 
essentially the labeled dose of drug. A fourth tablet, 
tested under the same conditions, showed no release of 
drug after 420 min. at 50 r.p.m. 


Under the same conditions, the sodium aminosalicyl- 
ate solution, when added to acid such that the final 
concentration was 0.1 N HCl, showed no precipitation 
of aininosalicylic acid (i,e., infinite rate of dissolution). 
The suspension gave apparent first-order dissolution 
in 0.1 N HCl at 50 r.p.m., with a rate coefficient of 
4.28 hr.-’; at the end of 30 min., an average of 89.0% of 
drug was in solution (average of five tests). The com- 
pressed tablet similarly released drug in 0.1 N HCl 
at 50 r.p.m., with a coefficient of 2.58 hr.-l; at the end 
of 30 min., an average of 71.3% of the labeled dose of 
drug was in solution (average of four tests with indi- 
vidual tablets). The enteric-coated tablets did not dis- 
integrate in  the classical sense when stirred at 50 r.p.m. 
in  the pH 6.9 buffer. The coatings merely cracked open, 
and the drug was released extremely slowly from the 
ruptured tablets. It was not until the stirring rate was 
increased to 200 r.p.m. that the tablets really disinte- 
grated and eventually released their labeled content of 
drug. These results strongly suggest that the intensity 
of agitation in  the USP tablet disintegration test is too 
intense, at least for enteric-coated aminosalicylic acid 
tablets, and that the USP test does not predict per- 
formance in man. Thus, this is a documented case 
where a commercial product met compendia standards 
but was not suitable from a standpoint of effectiveness. 


Feldmann (3) stated: “In other words, from a 
statistical viewpoint, the number of cases i n  which 
products have been found to meet compendia standards, 
but are not suitable from the standpoint of effectiveness 
or safety, are negligible.” 


Historically there are several examples which could 
be used to challenge the above quotation, but in this 
communication we document an example discovered 
in our laboratory. 


(1) R. G. Stoll, P. D. Holmes. S. 9. Roth, and J. G. Wagner, Res. 
Commim. Cltem. Patlid. Phurmacol., 4, 327( 1972). 


(2) J. G. Wagner, “Biopharrnaceutics and Relevant Pharma- 
cokinetics,” 1st ed., Drug Intelligence Publications, Hamilton, Il l . ,  
1971. p. 112. 


(3) E. G. Feldmann. Statement of the National Formulary of 
the American Pharmaceutical Association to the Select Committee 
on Small Business-Subcommittee on Monopoly of the Senate of 
the United States, 90th Congress, 1st Session, Washington, D. C., 
June 8. 1967. 
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A To whom inquiries should be directed. 
-- 
Editor’s note: The number of different drug products on the U. S. market 
has been estiniatcd at somewhere bctween 100,OOO and 300,000. A most 
conservative estimate would be that one batch or lot has been produced 
annually of each product over the 5-year period between the quoted 
testimony and Dr. Wagner’s re ort of the faulty lot of aminosalic lic 
acid tablets. This amounts to a &fect rate of one lot out of a total oi!l/t 
million to 1’1, million batches of drug products. AS Dr. Wagner notes, 
there have been several such reports, probably raising the number of 
defects to five or perhaps 10; even this upper figure would give a defect 
ratio of approximately 1 :100,OOO. We are grateful to Dr. Wagner for 
confirming our hypothesis that from a statistical viewpoint such inci- 
dences indeed are negligible. -EGF 


Reliable and Simple Method of Intravenous 
Injection into the Laboratory Rat 


Keyphrases 0 Injection techniques, intravenous-use of dorsal 
penis vein, rats 0 Drug administration-intravenous injection uia 
dorsal penis vein, rats 0 Intravenous injection of drugs into small 
laboratory animals-dorsal penis vein method 


Sir: 


In a previous article, Salem el ul. (1) demonstrated a 
technique for intravenous injection of drugs into small 
laboratory animals oiu the dorsal penis vein. The advan- 
tages of this procedure compared to the tail vein method 
(2) lie in its simplicity, rapidity, reproducibility, and ease 
of injection. Tail vein injections into rats weighing over 
100 g. are usually difficult and poorly reproducible, and 
they generally require a great degree of skill. On the 
other hand, the dorsal penis vein technique requires 
very little prior experience, so a relatively untrained 
laboratory worker can master the procedure in a short 
time, i .e.,  one to  two trials. In addition, tissue damage at 
the site of injection will have a minor overall effect on 
the animal compared to intracardial injection, and 
surgical manipulations such as those involved with 
femoral vein injections (2) are not required. 


Due to these advantages it is not surprising that this 
method of drug administration is being employed in 
biopharmaceutical and pharmacokinetic studies. A 
review of the literature indicates that little information 
has been published concerning the physiological fate of 
drugs administered uiu this route. It is important to 
know whether this vein is part of the portal or general 
circulation. Drugs administered orally or intraperi- 
toneally are absorbed uiu the mesentery blood system. 
These vessels combine to form the portal vein which 
leads directly to the liver. The drug plasma concentra- 
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with the common excipients methyl paraben and sodium chloride 
in a buffer solution. Replicate analyses of these solutions are pre- 
sented in Table 1. 


Several commercial samples were assayed by the proposed pro- 
cedure (Tables I I  and 111). Judging from the results, there appears to 
be a significant problem of epinephrine deterioration. Most samples 
over 6 months in age showed some decomposition. Samples con- 
taining 0.02 mg./ml. or less of epinephrine had higher and more 
severe incidences of decomposition. Additionally, samples that 
assayed less than 75% of the declared value often had wide varia- 
tions from vial to vial; individual vial analyses of one sample 
ranged from 48 to 71 %. This would indicate that the rate of de- 
composition is not constant. Several factors, including storage con- 
ditions, pH, substrate composition, and bisulfite concentration, 
may affect the rate of decomposition, but a discussion of these 
factors is not within the scope of this report. The cogent element of 
the method presented here is that it measures the stability of epi- 
nephrine in commercial preparations, whatever the factors affecting 
that stability may be. 
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Design and Evaluation of a Rotating 
Filter-Stationary Basket In Vitro Dissolution Test Apparatus I: 
Fixed Fluid Volume System 


ASHOK C. SHAH’, CRAIG B. PEOT, and JOHN F. OCHS 


Abstract 0 The apparatus described in this report provides a reli- 
able and convenient means for determining iri rirro dissolution 
characteristics of tablets, capsules, powders, suspensions, and most 
other solid drug dosage forms. Basic components of the apparatus 
are a perforated stationary sample basket, a rotating filter-stirrer 
assembly, and a closed jacketed dissolution fluid container. Among 
major advantages of the apparatus are: (a) precision-controlled 
variable intensity of mild laminar liquid agitation; (6 )  continuous or 
intermittent filtration of representative dissolution fluid samples 
through a nonclogging, microporous, itr sifu filter for automated or 
manual dissolution rate determinations; (c)  convenient means for 
introducing solid samples in a stationary basket and positioning at a 
set level in the fluid medium; ( d )  minimal mechanical impacts, 
abrasion, and wear of the solid sample, with the retainment of its 


microenvironment during the dissolution process; and (e) simul- 
taneous determinations of disintegration-dissolution rates of 
tablets and capsules. Studies performed using this apparatus are 
described to demonstrate its reproducibility, reliability, and applica- 
tion versatility as a research, development, and yuality control 
test apparatus. Dissolution rates of five different tablet lots of an 
antidiabetic drug evaluated by this apparatus correlated with their 
in uiuo activity. A multiple-test system for the simultaneous auto- 
mated determination of six dissolution rates is described. 


Keyphrases 0 Dissolution equipment-design and evaluation of a 
rotating filter-stationary basket apparatus, compared to cornpendial 
methods 0 Rotating filter-stationary basket dissolution apparatus- 
design and evaluation, compared to cornpendial methods 


I t  is now generally recognized that the dissolution 
rate of a drug from its solid dosage form can become 
the rate-limiting process in the physiological avail- 


ability and in oioo absorption of the drug. In recent 
years, therefore, considerable interest has been focused 
on the development of a reliable in oitro dissolution test 
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method, which can positively characterize the in oioo 
dissolution rate-controlled absorption of drugs ad- 
ministered in solid dosage forms. One basic require- 
ment to achieve this goal, however, seems to be the 
availability of a reliable and flexible dissolution test 
apparatus, which is not only suitable for characterizing 
in oioo dissolution behavior of essentially all types of 
solid drug dosage forms but is also convenient to use 
for research, development, and quality control. Such an 
apparatus should meet most of the following criteria: 


1. The design, dimensions, and positioning of each 
individual component of the apparatus must be exactly 
specified. Prototype units can be economically fabri- 
cated from commercially available equipment. 


2. The apparatus should be relatively simple in de- 
sign, convenient to operate, flexible for use under a 
variety of test conditions, and give reproducible re- 
sults upon repeated tests. 


3. Dissolution rates evaluated by the apparatus under 
appropriate physiological test conditions should cor- 
relate with the in oioo dissolution rate-controlled drug 
absorption process. 


4. The apparatus should permit controlled variable 
intensity of mild, uniform, nonturbulent liquid agita- 
tion. 


5 .  It must provide a convenient means for introduc- 
ing a test sample (tablet, capsule, etc.) into the dissolu- 
tion medium and holding it at a set position such that 
the sample is completely immersed in the fluid medium. 
During the dissolution process, the test sample must be 
subjected to minimal mechanical impacts, abrasion, and 
wear in order to retain its microenvironment. 


6. The dissolution fluid container must be closed to 
prevent solvent evaporation, thermostated to regulate 
fluid temperature, and preferably transparent to per- 
mit visual observation of the disintegration characteris- 
tics of the test sample and fluid flow conditions during 
dissolution. It should be possible to maintain solvent 
sink conditions by employing either a relatively large 
volume of dissolution fluid or other convenient means 
such as continuous flow dilution of the bulk fluid with 
fresh solvent. 
7. Withdrawal of representative fluid samples of the 


bulk medium for analysis, either by manual or auto- 
mated methods, must be possible without interrupting 
solution agitation. As an automated system it should be 
possible to conduct continuous filtration of the fluid 
samples efficiently without encountering any operational 
or analytical problems. 


8. The apparatus must be applicable for the evalua- 
tion of disintegrating, nondisintegrating, dense, or 
“floating” tablets and capsules ; finely powdered drugs; 
and all other types of solid drug forms. 


Although numerous types of dissolution test ap- 
paratus are reported in the literature (1-14), many, in- 
cluding those recognized by the official compendia 
(15, 16), do not seem to meet all of the stated criteria 
desired. In addition, the nature and extent of solvent 
agitation, treatment of the test sample during the dis- 
solution study, and liquid sampling techniques em- 
ployed in some of these systems can yield unreliable 
dissolution rate results. For example, in NF XI11 
Method I1 the fluid undergoes violent, turbulent agita- 


Figure 1-Photograph of the rotating jlter-stationary basket a p  
paratus. 


tion, while in both the official test methods (USP-NF 
Method I and N F  Method 11) the sample container 
itself serves as a liquid stirring device. Under these con- 
ditions, there can be excessive abrasion and wear of the 
sample due to its mechanical impacts with the con- 
tainer surface, thereby adversely influencing its micro- 
environment. 


Another major problem present in most automated 
and continuous flow dissolution test apparatus is the 
difficulty in conducting continuous, efficient filtration of 
the dissolution fluid sample. Continuous monodirec- 
tional filtration through a conventional, static, coarse- 
filter element (stainless steel wire cloth screen, sintered 
glass, membrane, efc.) frequently clogs the filter with 
undissolved solid particles, which results in progressive 
diminution of the fluid flow rate (9, 17, 18). Liquid 
filtration through a relatively coarse-filter screen permits 
fine particles to escape and accumulate in the circula- 
tion tubing as well as in the spectrophotometer flow 
cell. These filtration problems not only create serious 
operational difficulties due to the diminishing fluid flow 
rates but may yield erroneous dissolution rate results 
due to: (a) continual passage of dissolution fluid 
through a filter covered with drug particles and (b) in- 
terference in the spectrophotometric analysis of the 
filtered fluid by solid particles collected in the spectro- 
photometer flow cell. 


The design and evaluation of a reliable, rotating 
filter-stationary basket dissolution test apparatus’, 


Patent is pending on the design and application of this apparatus. 
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Flgure &Schematic diagram of the rotatingfilter-stationary basket 
apparatus. Broken lines represent setup for the automated s p c t m  
photometric analysis. 


which eliminates these problems and meets essentially 
all of the above-mentioned criteria, are reported here. 
Essential features of the apparatus are a stationary 
sample basket, a large volume fluid container, and a 
rotating filter assembly. The rotating filter system, em- 
ployed previously in the cultivation of mammalian 
cells (19), functions as a liquid agitation device as well 
as an efficient fluid sampling system. 


APPARATUS DESCRIPIlON 


SingleTest Apparatus-The rotating filter-stationary basket 
single-test apparatus was constructed by incorporating necessary 
modifications into a commercially available microbial cell culture 
cultivation flask'. Basic features of the apparatus (Figs. 1 and 2) are 
a jacketed dissolution fluid container flask, a stationary sample 
basket, a rotating filter assembly, and an external variable speed 
magnetic stirrer'. Broken lines in Fig. 2 represent the optional setup 
for automated dissolution rate determinations, in which filtered 
fluid samples are cycled through a spectrophotometer flow cell by 
means of 2-mm. i.d. flexible polyethylene tubing and a peristaltic 
pump'. The description of individual parts of the apparatus follows. 


Fluid Container Flask and Cow-The jacketed glass flask, 
suitable for holding up to 1.5 1. of dissolution fluid, has a removable 
Plexiglas cover secured firmly to the neck of the flask by means of an 
O-ring and a flexible metal belt. The cover serves as a support for 
the sample basket and the rotating filter assembly. A rabbeted edge 
circular opening in the cover, 3 cm. in diameter, provides an en- 
trance pathway for the sample basket. There are three other ports 
in the cover: one in the center for a glass capillary pilot tube, 
another for a thermometer, and the third one for the return of the 
dissolution fluid from the spectrophotometer flow cell. 


Sample Basket-The design features of the stationary sample 
basket are similar to the basket assembly employed in the official 
USP-NF Method I apparatus (15). with the exception of using 12- 


'Flask model BSC loo0 CA and magnetic stirrer model MS-1. 


'Model 1210. Harvard Apparatus Co., Millis, MA 02054 
The Virtis Co., Gardiner, NY 12525 
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DYNAMIC SEAL 


FILTER HEAD 
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MAGNET BOTTOM FLANGE 


CROSS SECTION 


Figure 3-Rotatingfilter assembly. 


mesh instead of 40-rnesh wire cloth screen to facilitate fluid move- 
ment through the basket and prevent plugging of the basket screen 
with solid particles (4, 20, 21). A rabbeted edge circular Plexiglas 
disk is attached to the basket holding rod with a compression fitting, 
so that when the basket is introduced into the flask through the 
cover opening, this disk rests in the corresponding rabbeted edge 
opening and holds the basket at a preset level in stationary position. 
The basket level can be varied by moving the position of the disk 
along the holding rod. In all experiments, the basket was held 2.5 
cm. from the flask bottom (Fig. 2). 


Rotating Filter Assembly-'The rotating filter assembly provides 
variable intensity of mild laminar liquid agitation and it also 
functions as an in situ nonclogging filter to permit intermittent or 
continuous filtration of the dissolution fluid samples efiiently dur- 
ing the dissolution process. The assembly is suspended in the center 
of the flask on the flared end of a glass capillary pilot tube. Since the 
pilot tube is secured firmly to the cover with a compression fitting, 


Figure 4-Photograph of the multiple-test mtating filter-stationary 
basket apparatus. 
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Figure 5-Comparison of the rotating filter with the conventional 
wire mesh screen filter used in the automated spectrophotometric 
dissolution rate analysis of an active tablet sample ( A  and B)  and 
placebo tablet sample (C and D). Key: A and C, screen filter; and 
Band D ,  rotatingfilter. 


MINUTES 


0 


it remains in a fixed position while the assembly can freely rotate on 
the flared end of the tube. The assembly rotates by means of a con- 
trolled, variable speed, external magnetic stirrer coupling with a 
magnetic bar embedded in the bottom part of the assembly. The 
level of the assembly in the flask can be varied simply by raising or 
lowering the pilot tube. A stainless steel pilot tube-sleeve provides 
support to the pilot tube and prevents subtle vibration of the as- 
sembly. 


The design features of the assembly (Fig. 3) consist of a filter head, 
bottom flange, cylindrical filter, two flexible gaskets, and a dynamic 
seal. The filter head and bottom flange are fabricated from 20% 
glass-filled Teflon with a magnet embedded in the bottom flange. 
Cylindrical filters of glass fiber, Teflon, ceramic, or sinteredstainless 
steel are available in the 0.2-3-p porosity range. In the present 
studies, either a 0.5- or I-p porosity stainless steel filter was em- 
ployed. In assembling these parts, first the filter head is suspended 
on the flared end of the pilot tube, then the cylindrical filter with one 
flexible gasket on each end is slipped over the filter head, and finally 
the bottom flange is screwed into the filter head threads. The spring- 
action dynamic seal slid over the pilot tube positions into the 


Figure 6-Plrotograplr of the clogged screen filter. 
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Figure I-Dissolution profiles offive different tablet formulations of 
an antidiabetic drug measured by the automated rotating filter- 
stationary basket appamtus. 


filter head and prevents passage of liquid through the space be- 
tween the pilot tube and the filter head. Arrows in the cross-sec- 
tional diagram of Fig. 3 show the liquid filtration system and flow 
through the assembly. Dissolution fluid upon filtration through the 
cylindrical filter flows through a hole in the filter head, channels 
through a helical path around the pilot tube, and then enters into 
the pilot tube capillary. Fluid samples can be withdrawn contin- 
uously or intermittently from the upper end of the pilot tube. 


MultipleTest Apparatus-An automated multiple-test rotating 
filtex-stationary basket apparatus (Fig. 4) is capable of monitoring 
up to six dissolution tests simultaneously. The basic design of this 
apparatus is similar to the single-test unit, with the exception of 
using a Plexiglas water bath to thermostat all six units and a six- 
stage controlled variable speed magnetic stirrer operated by a single 
motor'. The upper panel of the stirrer housing is illuminated by a 
fluorescent light placed underneath the housing, which aids in 
visual observation of the test environment. Dissolution fluid sam- 
ples from each flask are continuously cycled by a multichannel 
pump' through one of six flow cells located in the cell compartment 
of the spectrophotometer6. Dissolution rates are monitored by the 
spectral absorbance recording of the cycling fluid samples at pro- 
grammed time intervals. 


EXPERIMENTAL 


Procedure-In a typical experiment, the sample basket is re- 
moved from the flask and a measured volume of dissolution fluid is 
transferred into the flask through the rabbeted edge opening in the 
cover. The fluid is allowed to equilibrate at 37" and is stirred by 
rotation of the filter assembly at set revolutions per minute. 
Filtered fluid samples are continuously withdrawn through the 
capillary pilot tube at a @mI./min. flow rate and are circulated 
through a spectrophotometer. When all the test conditions (i.e., 
fluid temperature, stirring rate, cycling through the flow cell, and 
calibration of the spectrophotometer) are properly adjusted, the 
dissolution experiment is started by introducing the sample basket 
into the flask through the rabbeted edge opening in the cover. 


For powdered drugs, a weighed amount of the sample is first 
dispersed into a small volume (5 ml.) of the dissolution medium 
and then immediately transferred into the bulk fluid medium. In 
the case of metastable drug-polyvinylpyrrolidone coprecipitates, 
the weighed powder sample was added directly into the fluid me- 
dium and was dispersed by a momentary rapid liquid agitation. In 
all powder dissolution studies, a 0.5-p porosity filter was used, 


_ _ _ _ _ _ _ _  


4 Jar test machine model 7303. Coffrnan Industries, Kansas City, 


1 Model DBG or Kintrac VII spectrophotometer. Beckman Instru- 
KS 66101 


ments, Fullerton, CA 92634 







Table I-Tablet Dissolution Rates (Tu%)” Determined by the USP-NF Method I and Rotating Filter-Stationary Basket Method 


Apparatus 


~ 


7- Taox,  min.- - Experiment Number Coefficient of 
1 2 3 4 5 6 Meall SD Variation, 


~- 
USP-NF Method I 23.6 44.7 44.9 53.6 15.6 57.0 39.9 16.6 41.7 
Rotating filter- 34.0 34.0 31.3 34.0 33.0 33.0 33.4 1.09 3.28 


stationary basket 
method 


a Time required for 50% of the drug to dissolve. 


whereas in the tablet dissolution studies a I-p porosity filter was 
employed. 


Upon completion of the dissolution run. the apparatus can be 
conveniently cleaned by discarding dissolution fluid through the 
opening in the cover and adding water through the same opening to 
clean the flask and the filter assembly. If necessary, however, the 
cover can be removed from the flask by loosening the metal belt and 
each component can be separately cleaned. The filter can be cleaned 
either by circulating water through it or by placing it in an ultra- 
sonic cleaning bath. 


Results-Cornparisoil of Static versus Dynamic Liquid Filter 
Systems-The influence of filtration efficiency in the fluid sampling 
procedure upon the accuracy of dissolution rate results is demon- 
strated by comparing the dynamic rotating filter system described 
in this report with a conventional static filter consisting of a stain- 
less steel 100-mesh wire cloth screen filter (3). Dissolution profiles 
of an active and a placebo tablet sample (Fig. 5 )  were deter- 
mined by the automated spectrophotometric analysis of the fluid 
samples filtered continuously through the static screen filter (curves 
A and C )  and the dynamic rotating filter system (curves B and D). 
Except for the difference in the filtration system, these studies were 
performed under identical experimental conditions. 


Continuous filtration of the test fluid through the static screen 
filter resulted in clogging of the filter screen by accumulation of 
solid particles on the filter surface. Consequently, there was pro- 
gressive diminution of the fluid flow rate from 40 ml./min. initially 
to only 2 ml./min. after about 45 min. A photograph of the clogged 
screen filter is illustrated in Fig. 6. A noticeable amount of fine 
particles escaped through the screen filter and accumulated in the 
flexible tubing and spectrophotometer flow cell. These apparent 
filtering problems encountered with the static filter system may ac- 
count for the erratic spectral response evident in curves A and C 
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Figure 8-Acerage cumulatice blood sugar-lowering response in dogs 
aJier administration of’the antidiabetic tablets. 


and a false absorbance reading recorded with the placebo tablet 
sample (curve C). Similar types of filter clogging problems were 
also observed with other static filter systems such as sintered-glass 
and Millipore filters. 


The dynamic rotating filter system permitted continuous, efficient 
filtration of the test fluid for prolonged time periods (up to 200 min.) 
without any noticeable sign of filter clogging, change in the fluid 
flow rate, or escape of solid particles through the filter pores. The 
efficiency of the rotating filter system is reflected in the smooth 
spectral recording of the dissolution profiles (curves B and D, Fig. 
5 )  and, as expected, the almost zero absorbance reading recorded 
upon dissolution of the placebo tablet (curve D). 


Reproducibility of USP-NF Merhod I and Rotating Filter- 
Starioirary Basket Apparatus-The dissolution rate results (Table I)  
were obtained upon six repeated runs for a tablet sample employing 
an automated USP-NF Method I apparatus (21), at 300-r.p.m. 
stirring, and the automated rotating filter-stationary basket ap- 
paratus, at 600-r.p.m. stirring. These stirring speeds were selected 
because of the comparable tablet dissolution rates (T:,‘%) obtained 
under these conditions in both apparatus. Other test conditions em- 
ployed were one tablet sample pel test, 900 ml. of simulated in- 
testinal fluid without the enzyme, and 37“. It is apparent from the 
data listed in Table I that, for the tablet samples examined, the 
results obtained with the rotating filter-stationary basket hpparatus 
are considerably more reproducible than with the USP-NF Method 
I apparatus. 


In Vitro-In Vivo Correlation-Dissolution profiles for five dif- 
ferent tablet lots of an antidiabetic drug (Fig. 7) were determined 
using the rotating filter-stationary basket apparatus. The test con- 
ditions employed for these studies were: one 2.5-mg. tablet sample, 
1 1. of simulated intestinal fluid without the enzyme, 37”, and 400- 
r.p.m. stirring speed. Solvent sink conditions were maintained dur- 
ing the dissolution because the maximum drug concentration in 
solution reached upon complete dissolution was about 12% of the 
saturation concentration. The disintegration time for all of these 
tablet samples was less than 45 sec. 


0 60 120 
TABLET DISSOLUTION RATE, Tlps 


Figure 9-Correlation between the in vitro dissolution rates (Tso%) 
and total in vivo response obtained with the anridiabetic tablets. 
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Figure 10-Dissolution profiles of the powdered drug samples with 
varying particle size determined by the automated rotating filter- 
stationary basket apparatus. Key (surface area. m. z/g.. of the 
powder samples): A ,  0.87; B. 1.38; C, 1.54: D ,  2.10: and E ,  2.54. 


In a crossover study, these tablet samples were administered 
orally to mongrel female dogs, and their blood sugar concentra- 
tions were analyzed at various time intervals up to 24 hr. The 
average cumulative blood sugar-lowering response produced at 
various time intervals after administration is shown in Fig. 8. 
Comparison of these results with the dissolution profiles shown in 
Fig. 7 suggests a rank order in citro-iii civo correlation. This cor- 
relation is further evident from a linear relationship (Fig. 9) ob- 
tained upon plotting the dissolution rate Tso% against the total 24- 
hr. blood sugar-lowering response (correlation coefficient = 


Quality Coittrol Dissolution Test for Powdered Bulk Drug Lots- 
During formulation development studies, it became apparent that 
the variation in the particle size among various milled bulk drug 
lots of a sparingly soluble drug seemed to have a noticeable effect 
upon the dissolution characteristics of tablets manufactured from 
these lots. Dissolution profiles of several bulk drug lots were, 
therefore, determined utilizing the rotating filter-stationary basket 
apparatus under the test conditions of 50 mg. of powdered drug 
suspended in 1 1. of 0.05 M phosphate buffer, pH 7.5, containing 
0.05% polysorbate 80 as a wetting agent, 400 r.p.m., and 37". 
From the dissolution profiles (Fig. lo), it is evident that the finer 
bulk drug with greater suiface area showed faster dissolution than 
the coaise particle-size drug. Establishment of routine dissolution 
rate specifications for the bulk drug lots based on these results has 
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Figure 11-Dissolution behavior of a mefastable drug-pol.vvinyl- 
pyrrolidorie coprecipitaie (curve A )  and the stable crystalline drug 
powder (curve B )  evaluated by the automated rotaringfilter-stationary 
basket apparatus. 


MINUTES 


Table 11-Comparison of the Official Dissolution Test Apparatus 
with the Rotating Filter-Stationary Basket Apparatus0 


Rotat- 
ing 


Filter- 
Station- 


ary USP-NF NF 
Basket Method Method 


Ap- I Ap- I1 Ap- 
Desired Features paratus paratus paratus 


Enclosed container A A NA 
Variable intensity of A A NA 


Definable (laminar) A A NA 
liquid agitation 


liquid flow 


and fluid environments 


under mild agitation 
conditions 


efficient, clog-free fluid 
filtration system 


abrasion, and wear of the 
test sample during 
dissolution 


Visibility of the test sample A ? ? 


Representative fluid sampling A ? ? 


Automation with a continuous, A NA NA 


Minimal mechanical impacts, A NA NA 


0 A = available, NA = not available. 


considerably improved the lot-to-lot uniformity of the tablet dis- 
solution rate. 


Dissolution Behavior of a Metastable Drug Form-The rotating 
filter-stationary basket apparatus was utilized as a preformulation 
research tool for the evaluation of dissolution and crystallization 
behavior of a drug in its metastable drug-polyvinylpyrrolidone 
(1 : 9) coprecipitate form. The coprecipitates were prepared by 
vacuum evaporation of a methanol solution of drug and poly- 
vinylpyrrolidone. The test procedure employed was essentially 
similar to the previously described procedure for the powdered 
bulk drug dissolution studies. Rapid dissolution of the copre- 
cipitates with the attainment of peak solution concentration, 
followed by the concentration decline due to precipitation of the 
drug. occurs within a few minutes (curve A, Fig. 11). Such a rapid 
transient dissolution behavior of the metastable drug form can be 
conveniently studied by the automated rotating filter-stationary 
basket apparatus. Curve B in Fig. I I was obtained with the stable 
crystalline form of the drug. 


In addition to these studies, the apparatus was utilized for dis- 
solution rate determinations of capsules, granules, and timed- 
release dosage forms and also in evaluating solubility-solubiliztion 
of various drugs. 


DISCUSSION 


The rotating filter-stationary basket dissolution test apparatus 
was employed extensively by the authors over the past 18 months 
for testing various drugs and their dosage forms. The typical studies 
described here demonstrate its application as a preformulation 
research, formulation development, and quality control dissolution 
test apparatus. Its application as a quality control dissolution test 
system for both the active drug and the final dcsage form offers a 
two-pronged approach to ensure drug quality from the standpoint of 
biological availability, a type of approach considered valuable by 
the NF Board (22). 


Dissolution rates can be determined by either a manual or an 
automated test method. In the manual test method, filtered aliquots 
of the dissolution fluid are withdrawn at periodic time intervals and 
then assayed individually. This method is laborious and inconven- 
ient for routine quality control testing of dissolution rates and un- 
suitable for evaluating very rapid dissolution processes; in addition, 
there is a human error involved in the accurate sampling and 
analysis. 


Since the automated method overcomes these problems and 
provides a convenient means for monitoring dissolution rates, 
there have been increasing applications of the automated method in 
the pharmaceutical field. Aside from an automated titration tech- 
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nique (23). in most automated test methods a portion of the dis- 
solution fluid is filtered continuously through a stainless steel wire 
cloth screen, sintered glass, membrane, or similar other static 
system and then cycled through a spectrophotometer flow cell or 
other analytical system for the continuous analysis 01. the circulating 
dissolution fluid (3,  5, 9, 11, 13, 20). However, use of such static 
filter elements for the continuous filtration of the dissolution fluid 
often presents filtration problems, such as clogging of the filter with 
solid particles and escape of solid particles through the filter ele- 
ment, which may yield erroneous dissolution rate results. The 
Occurrence of these filtration problems has k e n  acknowledged by 
other workers (9, 17, 18) and is demonstrated in the present study. 


The rotating filter system employed in the present apparatus 
provides a dynamic in sirri microporous tilter element which, because 
of the boundary effect (centrifugal force), prevents the filter from 
becoming clogged with solid particles and permits continuous, 
efficient filtration of the dissolution fluid. Another advantage of 
the rotating filter system is its relatively large filter area extending 
over the greater portion of the dissolution fluid, which permits repre- 
sentative sampling of the bulk dissolution medium. From the di- 
mensions of the rotating filter assembly, it  may appear that there 
might be a considerable amount of liquid held inside the assembly, 
but, in fact, there is very little void space in the assembly so that 
the hold-up volume inside the assembly is less than 1 ml. 


Dissolution rate determinations under solvent sink conditions 
can be performed by: ( N )  employing a relatively large fixed volume 
of dissolution fluid, ( h )  partitioning the dissolved drug into an 
organic solvent phase, ( c )  adsorbing the dissolved drug on a solid 
adsorbent, and ( d )  continuous flow replacement or dilution of the 
fluid with fresh solvent. In the adsorption and solvent partition 
methods, certain additional Factors such as partition coefficient of 
the drug in the organic phase, rate of partitioning, and rate of ad- 
sorption are involved, which further complicate the dissolution rate 
determination. In a continuous flow system, replacement of dis- 
solution fluid with fresh solvent medium necessitates continuous 
filtration of the fluid. Most of the existing continuous flow systems 
are, therefore, faced with the same types of filter clogging and 
other filtering problems as are the automated methods. Dissolution 
rate determination in a fixed fluid volume oflers perhaps the sim- 
plest test method, provided i t  is possible to maintain a relatively 
dilute solution concentration by utilizing a large volume of the 
dissolution fluid. The present apparatus provides a relatively large 
size ( I  .5-I.) fluid container suitable for dissolution rate determina- 
tions under fixed fluid volume conditions. This apparatus can be 
employed as a continuous flow system by replacing a portion of the 
fluid with the fresh solvent medium, as described by Pernarowski 
el ul. (11). However, achievement of rapid dilution of a large 
volume of the bulk fluid requires relatively fast fluid flow rates and 
consumption of appreciable amounts of fluid in a single dissolution 
test. For instance, to dilute 1-1. volume of the bulk fluid at a rate of 
2Oo”/,/min., one must replace 200 ml. of the bulk fluid per minute 
with the fresh solvent ( i . ~ . ,  200 ml./min. fluid flow rate); if the 
experiment is ccntinued for 30 min., a total of 7 1. of dissolution 
fluid will be consumed. While these test conditions can be main- 
tained, they obviously are not very convenient and practical for 
routine dissolution rate studies. A modification of the present ap- 
paratus capable of holding small volumes of the fluid, ahich is 
suitable as a continuous How system, will be reported in a subse- 
quent publication. 


The importance of relatively mild agitation conditions for the 
determination of dissolution rates to reflect iit  cico conditions was 
emphasized by Levy (24). Furthermore, the liquid agitation con- 
ditions must he reproducible upon repeated tests, and the hydro- 
dynamics of the system must be quantitated to describe the dis- 
solution process in terms of theoretical dissolution rate relation- 
ships. The agitation system employed in the present apparatus 
meets these criteria. The smooth cylindrical surface of the rotating 
filter assembly without impeller blades and its agitation action 
over a long vertical axis provide uniform, mild, laminar, non- 
turbulent, and reproducible liquid stirring even at relatively high 
revolutions per minute. 


Retainment of the microenvironment of the test sample and 
accurate positioning of the sample are necessary requirements for 
reliable dissolution rate studies. These have been accomplished in 
the present apparatus by the use of a stationary sample basket held 
in position at a precise level. The sample can be conveniently in- 
troduced into the fluid after all other test conditions have been 


adjusted. Visual observation of the test sample through the trans- 
parent flask and stationary basket permits simultaneous disin- 
tegration time-dissolution rate evaluation. A 12-mesh wire cloth 
screen basket was employed primarily to achieve unhindered liquid 
flow through the basket, to enable visual observation of the test 
sample, and to prevent plugging of the basket screen with the solid 
particles, as experienced by other workers with the official test 
method using a 40-mesh screen basket (4,M, 21). 


Recognition of the two dissolution test apparatus in the official 
compendia (15, 16) suggests wider use of these apparatus in the 
pharmaceutical field. Hence, a comparison of these two apparatus 
with the rotating filter-stationary basket apparatus is presented in 
Table 11 to illustrate the availability of some of the major features 
desired in a standard dissolution test apparatus. 


SUMMARY 


Requirements of a standard dissolution test apparatus suitable 
for all types of solid drug forms and applicable as a research, de- 
velopment, and quality control tool are discussed. The design of a 
rotating filter-stationary basket apparatus, which meets essentially 
all these criteria, is presented. Results are described to demonstrate 
its reproducibility and versatility of application in solubility and 
dissolution rate studies. In  oirro dissolution rates of five different 
tablet samples of an antidiabetic drug determined by this ap- 
paratus are shown to correlate with the in uico drug activity. 
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the analysis of variance. Heavy emphasis is given to nonparametric 
procedures. 


The “Black Magic Assay of Purity in Heart” used to illustrate 
binomial sampling is an example of whimsical but dective treat- 
ment of a number of topics. The most valuable part of the book, 
from the standpoint of biomedical research, is the three chapters 
bringing together the relationship between two variables and cor- 
relation, as well as assays and calibration curves. Illustrations of the 
individual effective dose, direct assays, all-or-none responses, and 
the probit transformation conclude the book. 


The two appendixes develop more rigorously some of the mathe- 
matical concepts outlined in earlier chapters. An example of this is a 
”stochastic view of the adsorption of molecules from solution.” 


A unique feature of the book is the extensive cross-referencing to 
related topics in other parts of the book which is very good even if it 
may sometimes interfere with the reader’s train of thought. The text 
is remarkably free from typographical errors. While this reviewer 
did not check out all of the computation in the numerous examples, 
it does seem to be in order. 


With the increasing emphasis on bioavailability studies found 
today, this book is certainly to be recommended to students in 
biology, pharmacy, and medicine as an introduction to the correct 
application of statistical concepts and techniques to their chosen 
field of efIort. 


Reaiewed by H. Latham Breunig 
Eli filly and Company 
Indianapolis, IN 46206 8 
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cm. Price S5.95. 
As another book on drug abuse, this publication has more to com- 


mend it to the lay reader than many others. It is readable; reason- 
ably comprehensive, covering not only commonly abused drugs but 
also over-the-counter products, alcohol, and nicotine; and well 
documented. This book is not intended for the technical reader; 
however, it does present good and understandable summaries of 
research efforts in certain areas. 
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Opiates and Their Al(enrates for Pain and Coup$ Relief. Report of a 
WHO Sdentiflc Group. World Health Organization Technical 
Report Series. World Health Organization, Geneva, Switzerland 
(available from American Public Health Association, Inc., 1015 
18th St., NW, Washington, DC 20036), 1972. 30 pp. 16 X 24 
cm. Price $0.75. 
This report considers marketed drugs that have already been 


evaluated objectively by controlled clinical trials and subjected to 
clinical scrutiny. Effectiveness for relief of mild-to-severe pain uses 


morphine as the reference; cough relief &ectiveness is related to 
codeine. Psychic or physical dependence and tolerance capacities are 
discussed. 
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Chemist and Druggh Directory 1972 and Tablet & Capsule I-- 
catfaa Guide. Berm Brothers Limited, Bouverie House, 154 Fleet 
Street, London, EC4 2DL. England, 1972.332 pp. 20.5 X 28 cm. 
Price 56.00. 
This publication is a useful reference for information on British 


drug products and related pharmaceutical organizations, facilities, 
laws, services, and miscellaneous information. It is thumbtabbed 
into 10 sections to facilitate use. 
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Simplified NMR Spectra of Bifunctional Tropanes Induced by the 
Paramagnetic Shift Reagent Tris (dipivalomethanato) europium (111) 


GARY S. CHAPPELL’, BERNARD F. GRABOWSKI, ROBERT A. SANDMANN, 
and DAVID M. YOURTEE 


Abstract IJ Tris(dipivalomethanato)e~opium(llI) has beem used as 
an NMR shift reagent to obtain simpli6ed spectra of tropine, 


of coordination was secondary amine > secondary alcohol > 
tertiary amine h ketone. 


. . .~ 
systems containing two different heteroatoms. The observed order tra of bifuictionai tropanes 


Tris(dipivalomethanato)europium(III) (I) has been the 
most extensively studied of the NMR shift reagents now 
available. This reagent produces paramagnetic shifts 
that remarkably simplify the NMR spectra of com- 


pounds containing heteroatoms for coordinative bond- 
ing with the reagent lanthanide. 


The europium deshielded NMR represents a time- 
averaged spectrum between free substrate molecules 
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Figure I-Pseudotropine (11) at 60 MHz. in deuterochloroform. Key: top, without I treatment; and bottom, shijied spectra resulting at 0.35 mole 
ratio 1/11. Numbers immediately below proton assignments represent the relatiw rates of proton shvt between 0.2 and 0.8 mole ratio (A6 X 10'). 
The alignment with the europium complex and the conformation indicated in the molecular diagram are discussed in the text. 


and those associated with the shift reagent through lone- 
pair electrons. The paramagnetic shifts induced in com- 
plexes of europium appear to be the result of a pre- 
dominately pseudocontact mechanism and do not ap- 
preciably broaden peaks or affect the spin-spin cou- 
pling constants as proton signals are shifted. The pseudo- 
contact expression given in simplified form is: 


(Eq. 1) 


where AHt is the average shift defined as the difference 
in resonance position for the ith substrate proton in the 
paramagnetic complex and in the diamagnetic ligand. 
K is a constant incorporating in part the g tensor anisot- 
ropy and is a characteristic of the lanthanide under 
consideration. K is assumed to have the same value for 
all protons of a substrate molecule. xr is the angle be- 
tween the ith proton and the principal axis, and rf is the 
distance from the ith proton to the europium atom1 
(1 -9). 


Since pseudocontact shifting of NMR spectra offers a 
simple approach to stereochemical problems, it is useful 


* Pseudocontact is defined as the interaction arising from the com- 
bined action of an anisotropic p tensor and a through space dipolar 
hyperfine coupling (as opposed to a through bond spin deloca@d 
hyperflne contact mteracuon). The lanthanide has a short electron spin 
lattice relaxation time, contributing to inefficient proton relaxation and 
little line broadening. 


to assess the effect of such reagents on a wide variety of 
compounds of biological activity. In conjunction with 
our interest in the preparation of centrally acting bi- 
cyclic amine derivatives (lo), investigations were begun 
on the effect of europium complexes on this class of 
compounds. Previously, Ohashi et al. (1 1) investigated 
the effect of small upfield and downfield contact shifts 
on some tropanes. The current paper reports the effect 
of I on 3-hydroxy- and 3-ketotropanes (11-VI). This 
series is attractive in that it (a) offers the possibility of 
much needed simplification while it (b) tests the more 
practical utility of the shift reagent in resolving questions 
of stereochemistry when the substrate contains dis- 
similar heterobifunctionality with some con formational 
mobility present. 


The 60-MHz. NMR spectra of 3-substituted tropanes 
(e.g., Fig. 1, top) show methine (a) and bridgehead (d) 
protons as clearly spaced absorptions. The hydroxy 
proton may be revealed depending on concentration. 
The N-methyl of tropane is seen as a sharp singlet; how- 
ever, in simple derivatives this signal is found within an 
uninformative envelope of nearly coincident methylene 
protons (b, c, and e, f). The closely spaced methylene 
envelope leaves detailed spin decoupling analysis with 
much to be desired. 


Most pseudocontact studies have shown the effect on 
compounds containing only one type of heteroatom. 
The tropane series with two different heteroatoms con- 
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Figure %The W M H z .  shifted spectra of IV and 111 as occurring at 0.75 mole ratio Ilsubstrate. Numbers immediately below proton assignments 
represent A6 as in Fig. 1. The upfield half of resonance for proton b (bottom) was taken from the spectrum at a mole ratio where d and b reso- 
nunces were independent. Resonance for proton e wus similarly obtained. 


stitutes a practical “intramolecular competition” ex- 
periment* and tests the ability of the shift reagent to be 
selective enough in complexation to yield interpretable 
NMR spectra. In this regard the tropanes are particu- 
larly good models for study. With I, only one deshielded 
signal would be expected for each type of proton (e.g., 
grouping for d integral = 2) since a plane of symmetry 
exists through both heteroatoms. An additional practical 
test of the usefulness of the shift reagent comes about 
through the conformational mobility at C-2 and C-4 of 
tropane and the axial-equatorial orientation possible 
about trivalent nitrogen. 


The pseudocontact deshielded spectra should lead to 
structural information on two levels of sophistication. 
First, as an “empirical approach,” the deshielding pro- 
cess should expose spin-spin coupling constants (J)  that 
would allow assignment of predominate conformers in 
a relative manner, i.e., in comparison to Karplus’ (22) 
interpretations. This advantage, so long as resonance 


f Hart and Love (12) pointed out the importance of accumulatin 
information regarding preferred sites of complexation and reportd 
effects of I on morpholine and several other polyfunctional molecules. 
During the time this research was underway, Fleming er al. (13) re- 
ported the effect of I on the spectra of hydrox acids. Other r orts 
that have a peared regarding pol functionaf substrates incq)ude: 
Hinckley cr a[ (14) on testosterones, fjan and Visser (15) on furanones. 
Osashi cr a/. (16) on contact shifts in nicotine. Brederode and Hu mans 
(17) on bis(4-aminocyclohexyI)methane, Taylor and Walters 4 8 )  on 
nitrogen-phos horus bidentate ligands, Skoli!c ct 01. (19) on Iupanine. 
Tronchet er u f ( 2 0 )  on sugar oximes, and Farid er al. (21) on hydroxy- 
oxetans. 


lines are sharp and unperturbed by induced conforma- 
tional changes, is realized whether the exact mechanism 
producing the shifts has been correctly understood or 
not. Secondly, as a “parameter approach,” the europium- 
proton distances could, if theory is correctly inter- 
preted, be calculated from the rate of proton shift for a 
refined stereochemical outline. Shift data from con- 
formationally immobile substrates having constant 
average europium-proton distances have been used on 
numerous occasions for testing the second approach. In 
these cases, data demonstrate a linear relationship be- 
tween the rate of proton shift and the concentration ratio 


amino alcohols amino ketones 


111: R, = a-OH, Rz = CH3 VI: R,, a = ( = O ) . R ,  = €I 
IV: 


11: & = P - O H .  R , = C H ,  V: R,, u = ( = O ) , R , = C H ,  


R, = a-OH, R, = I1 
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of shift reagent to substrate (e.g., 21,23). Hinckley et al. 
(14) appropriately emphasized the cautions and difficul- 
ties in the latter approach for bifunctional substrates. 
Accordingly, it was desired to test the parameter ap- 
proach in greater detail and to set the stage for further 
reports by offering here the results with the “empirical 
approach.” 


EXPERIMENTAL 


Substrates-Nortropine (IV) was prepared by the method of 
Willstiitter (24) and was found to be identical to a product prepared 
by the method of Purine (25). Pseudotropine (11) was prepared by 
lithium aluminum hydride reduction of tropinone (V) (26) and 
independently from tropine (111) (27). Purification was by silica gel 
column chromatography and sublimation. Analysis was within 
accepted limits. Nortropinone (VI) was prepared from 2,Sdi- 
rnethoxytetrahydrofuran and acetonedicarboxylic acid (28) and 
was confirmed as its N-benzoyl derivative. 


Other compounds used were purchased as authentic’ and then 
recrystallized or redistilled to literature purity as required. 1-Methyl- 
Cpiperidone, pseudopelletierine, and 3-quinuclidinone were also 
treated with I or the more soluble tris(l,l,l,2,2,3,3-heptafluoro- 
7,7-dimethyl-4,6octanedione)europium (VIII), and their shifted 
spectra were found useful in the interpretation of results presented 
in this paper. 
NMR Investigation-All NMR work work was performed on a 


60-MHz. spectrometer‘. Deuterochloroform, used as solvent, was 
dried over preheated (120’) 4-A molecular sieves to remove traces 
of acid which might decompose the reagent complex. Chemical 
shift values reported are relative to internal tetramethylsilane (VII) 
and are in parts per million. Coupling constants (J) are reported in 
hertzes. 


Substrate concentrations ranged from 1.4 to 1.9 X 10-4 mole in 
0.4 ml. deuterochloroform. Compound V and pseudopelletierine and 
I11 and I1 were run at the same mole concentrations of 1.46 and 
1.91 X 10-4 mole, respectively. Study compounds were analyzed 
at  suocessive additions of 5-15 mg. of I for six to 12 additions, de- 
pending on solubility and the need to separate coalescing peaks for 
spin decoupling dictated by each substrate. Sample tubes were 
warmed after each addition of I to effect solution. Solutions wue 
allowed to equilibrate to probe temperature before recording shifted 
spectra. Sample solutions of tertiary amino ketones gave the lowest 
solubility (shift reagent/subtrate mole ratio of 0.53 for V). Solu- 
tions of secondary amines and tertiary amino alcohols permitted 
mole ratios6 close to  1 .O. 


Proton assignments were based on integration and spin de- 
coupling of suitably shifted spectra for each compound and aided 
by comparisons among substrates. Resonance from the tertiary 
butyl absorption of the europium reagent complex appeared up- 
field of V11 in all cases except VI and pseudopelletierine. In these 
cases, reagent absorption moved from just downfield of VII to 
upfield of VII after several additions of reagent complex. VII was 
easily located in all spectra. In the usual manner to aid in interpreta- 
tion of results, the data generated from shifted spectra were plotted 
on coordinate axis, with the shift of each proton in 6 (p.p.m.) units 
as the ordinate and I/substrate mole ratios as the abscissa. The A6 
values reported were abstracted from these plots. 


RESULTS AND DISCUSSION 


NMR work with deuterium chloride salts has shown that the N- 
substituent in tropanes is predominantly equatorial. On quaterniza- 
tion, the small proportion of N-axial conformer present reacts faster 
to yield a large proportion of product in which the entering group 
takes up the equatorial position (29). In recent years there has been 


8 Aldrich Chemical Co. and K C K Laboratories. ‘ Varian Associates T-60. * The low solubility of I-substrate complex in deuterochloroform for 
the compounds in this study prevented evaluation to the limit of satura- 
tion of both functional groups. However, 3-quinuclidinone, tro ine and 
sevepl other substrates were treated with the more soluble &I,’per- 
mittmg evaluation, through a 2-mole ratio. These results will appear 
in a future publication. 


considerable research regarding the conformation of the tropane 
piperidine ring. 


Early X-ray analysis of I1 free base and tropine hydrobromide 
indicated a chair conformation for both of these compounds (26, 
30). IR spectral evidence is contradictory with regard to intramolec- 
ular hydrogen bonding in 11 (31, 32). Dipole moment studies in 
conjunction with an NMR investigation of partially deuterated 
tropanes led to the conclusion that a-substituted tropanes (e.g., 
111) probably exist with a major proportion in the deformed chair 
and a minor proportion in the boat form. 38-Substituted derivatives 
such as the 3-cyano derivative were postulated to exist in the chair 
form. Conclusions were aided by observations of spin-spin coupling 
of the exposed rnethine proton as viewed in light of the Karplus 
rule. Deuteration permitted the approximate assignment of methy- 
lene protons, but the protons of the methylene envelope were not 
used to refine conclusions (26). 


More recent X-ray analysis coupled with NMR work indicated a 
deformed chair for I1 (33). Because of the replacement of 68- and 
78-protons by oxygen in scopolamine and scopine, C-2 and C4 
methylene protons are more evident in the NMR and determination 
of conformation becomes more conclusive. An elegant study of 
these derivatives, using spin decouphg at 60 MHz., defined J 
values and fortified the conclusion that a-substituted tropanes exist 
in the chair form with some distortion (34). Contact shift studies 
noted the differences in both upfield and downfield shifts induced 
in 1,4-dimethylpiperidine on the one hand and those occurring in 
tropinone and 3-tropine esters on the other. Results led to the 
conclusion that the tropanes exist in a nearly semiplanar form (1 1). 
Our results with the effect of I on tropanes are in general agreement 
with recent findings of distorted chair forms for the a-tropines and 
tropinones. Compound I1 also appears to exist predominately in a 
distorted chair form. 


A Lewis acid-base relationship exists between a europium com- 
plex and substrate (3). Selective association between I and the two 
different heteroatoms would be expected (1 2). Work with molecular 
models in consideration of the rate of shift found among the protons 
in the substrates studied and the required relative proton-europium 
distance6 indicates that tertiary amino alcohols associate with eu- 
ropium oiu the hydroxy function whereas secondary amino alcohols 
associate with the nitrogen atom, Amino ketones appear to asso- 
ciate with the amine function. The latter relation was more apparent 
in VI and 1-methyl-4-piperidone than in V. The results do not con- 
clusively rule out bidentate behavior for the ligands of V at the low 
mole ratio obtained with 1. However, as a result of the complexation 
encountered, an adequate separation of proton resonances was 
evident among shifted spectra. All protons were seen as unique 
absorption for each compound studied (Figs. 1-3), except for the 
e andfresonances of I1 and IV. 


Amino ketones exhibited linear plots of mole ratio wrsrrs chemical 
shift throughout the range of study permitted by solubility of the 
europium complex in deuterochloroform. Amino alcohols, how- 
ever, showed slight curvature for some protons on these plots. 
This result could be taken as an indication of conformational 
change induced by the paramagnetic shift reagent or as a slight 
change in the predominate bonding equilibrium of the paramagnetic 
shift reagent between the two basic sites in the molecule. There is 
evidence that slight deviation from linearity is not a result of in- 
duced conformational changes. Conformationally free I-methyl-4- 
piperidone gave linear results. The conformational mobility of this 
derivative was clearly evident in shifted spectra wherein, as a result 
of conformer averaging, no resolution was obtained between axial- 


6 Alignment of the tropanes with europium was immediately apparent 
because of variation inherent in the series. Results have usually been 
interpreted considering the angular factor as invarient with r estimated 
from A6 values. The importance of the angular variable has been 
demonstrated (I). Although it is clear that the induced shift decreases 
with increasing distance between the proton and coordinating function- 
ality, the exponent of r has been questioned (19). Bri s cf al. (36) 
fointed ouf that, for a otentially bidentate ligand, %e geometric 
actor requires two angurar variables. Poly(monodentate) molecules 


may require weighted means of shifts expected for the various modes of 
coordination with the lanthanide. Dew norrocks er al. (37) suggested, 
from X-ray crystallographic results with the aght-coordinate bM4- 
picoline) adduct, of 2,2.6,6-tetramethylhepta~ne-3,5-dionatoholmium, 
that the assumption of axial symmetry for shift reagent adducts may 
not be totally valid and detailed structural inferences should be made 
cautiously. We have thus avoided reporting empirically derived specific r 
values and prefer to subject data to careful computer analysis before 
reporting this aspect. 
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Figure 3-Protons of VI and V as occurring at 60 MHz. in deutemhlomform solution containing 0.40 mole ratio Ilsubstrate. Numerical data 
ham the same meaning as in Figs. I and 2. 


equatorial protons of a methylene set. Moreover, no conformational 
change was found for the tropanes, as best evidenced by the failure 
of exposed protons to change significantly' in peak width or coupling 
constant from the normal deuterochloroform spectrum to the final 
addition of reagent. It has been shown that contact shifts are more 
important near the point of complex-substrate association (9). 
Results with the methine protons of I11 and 11, which are geminal 
to the associating heteroatom, show that contact contribution was 
insufficient to alter J values significantly. Detailed results in line 
with empirical approach to data interpretation are presented below. 


Amino Alcohds-The NMR of I1 (Fig. 1) without I revealed the 
methine resonance as a broad multiplet (W 112 = 24Hz.). On addi- 
tion of I. the methine remained as a broad multiplet (W 1/2 = 24 
Hz.). The coupling constants were found to be J& = 12, J., = 6, 
J d  = 12, JM = 2, and Jld = 3. These data suggest a slightly distorted 
chair conformation. The coupling constant J ,  = 6 is somewhat 
larger than is normally observed for axial-equatorial coupling 
(2-4 Hz.) in chair cyclohexane. This can be explained by a closing 
of the dihedral angle between Ha and Hc from 60 to  40" which, 
according to the Karplus rule, would give a larger coupling constant. 
This closing of the angle leads one to describe the conformation as 
a slightly distorted chair. The data of the present study are in agree- 
ment with crystallography studies (33). Shifts are in tbe order OH >> 
Ha >> Hb > Hc >> Hd > N - C H I  > Hef. A study of molecular 
models shows that these shift r a m  require europium-proton dis- 
tances as indicated in the molecular diagram and evidence associa- 
tion aia the hydroxy function (Fig. 1). 


Both IV and JII (Fig. 2) presented the methine proton in deutero- 
chloroform as a simple triplet, J d  - 4, Joe < 1 .These values remained 
constant in shifted spectra. On deshielding, the following additional 
J values were determined for the resulting AMXY system of the 
piperidhe ring of the deshielded tropines: Jk = 15, J ,  and l e d  < 


1, and JM = 4 (JM was not measurable in 111). According to the 
Karplus curve, Jab and JM on the order of four or five dictate a 40" 
dihedral angle between these proton sets. J ,  and Jcd < 2.0 would 
indicate a dihedral angle on the order of 80" for the two a-sub- 
stituted derivatives 111 and IV. For IV ,  the relative rates of shift 
found were Hd > Hb > Ha 'v Hef > Hc, suggesting predominant 
alignment with the europium ion aia the nitrogen function during the 
5 s t  mole of reagent addition. A distorted chair form is at least in 
concert with the observation that the shift rate of H b  is greater than 
Ha, while the rates for He and Hf are nearly equal and greater than 
Hc. 


The relative rates of sbift for tropine suggest the alignment in 
Fig. 2. The comparative shift rate for tropine protons was found to  
be H a >  Hc> H f >  Hb> Hd> He> N-CHI.  A boat form for I11 
would require Hc> Ha, while a chair requires H d >  He. Thus, an 
empirical evaluation of the rate of shift is in relative agreement with 
the conformation indicated by exposed coupling constants. Meas- 
urement of the europium-proton distance and the angle factor 
would really be required to discriminate further. 


Amino Ketones-Spectra of VI and V (Fig. 3) may be interpretated 
in light of the deshielded ABX coupling revealed on addition of the 
shift reagent. The following J values were determined: J ~ c  = 16. 
JM (IV) = 4, JM (V). = 3, and J c d  < 1 for both derivatives. These 
data are consistent w t h  dihedral angles Hd-Hb of 40" and Hd-Hc 
of 80", the conditions for a distorted chair form. The rates listed in 
Fig. 3 appear to be in line with a distorted chair conformation for 
the amino ketones. The rates for VI evidence. alignment of europium 
ion with the secondary amine function. Rates for V suggest associa- 
tion with the tertiary amine, although both ligands could be simul- 
taneously involved during the first mole ratio of I addition (from 
the crude data). 


CONCLUSIONS 


7 Compound I is expected to induce a broadening of at least 0.003 
Hz./Hz. of shift (38). 
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Compound I was found to be a useful NMR shift reagent capable 
of simplifying the NMR of bifunctional substrates, thus allowing 







for the solution of stereochemical problems from a purely empirical 
approach. In accordance with the Karplus rule, use of the shift re- 
agent permitted an independent proof of previous indications that 
a distorted chair form predominates in the conformational equilib- 
rium of P- and /3-tropines and tropinones. At mole ratios of I/sub- 
strate of less than 1.0, it was possible to observe substrate ligand 
bonding orders of secondary amine > secondary alcohol > tertiary 
amine 1 ketone. 
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shown by subjecting the tablets to in oitro test condi- 
tions in which the intensity of agitation was very much 
less than exists during performance of the USP tablet 
disintegration test. The flask and stirrer method of 
Poole (1969), as described by Wagner (2), was em- 
ployed. For the first 0.5 hr., the tablets were subjected 
to 0.1 N HCl with a stirring rate of 50 r.p.m. For the 
remainder of the test, the tablets were stirred in pH 
6.9 buffer, first at a stirring rate of 50 r.p.m. and then at 
a stirring rate of 200 r.p.m. Three of the enteric-coated 
tablets tested under these conditions exhibited initial 
cracks in the coatings after 230, 290, and 300 min. at 
50 r.p.m. and then slowly released 22.7,24.0, and 24.0% 
of the labeled dose over additional periods of 160, 60, 
and 40 min., respectively. When the stirring rate was in- 
creased to 200 r.p.m., these tablets eventually released 
essentially the labeled dose of drug. A fourth tablet, 
tested under the same conditions, showed no release of 
drug after 420 min. at 50 r.p.m. 


Under the same conditions, the sodium aminosalicyl- 
ate solution, when added to acid such that the final 
concentration was 0.1 N HCl, showed no precipitation 
of aininosalicylic acid (i,e., infinite rate of dissolution). 
The suspension gave apparent first-order dissolution 
in 0.1 N HCl at 50 r.p.m., with a rate coefficient of 
4.28 hr.-’; at the end of 30 min., an average of 89.0% of 
drug was in solution (average of five tests). The com- 
pressed tablet similarly released drug in 0.1 N HCl 
at 50 r.p.m., with a coefficient of 2.58 hr.-l; at the end 
of 30 min., an average of 71.3% of the labeled dose of 
drug was in solution (average of four tests with indi- 
vidual tablets). The enteric-coated tablets did not dis- 
integrate in  the classical sense when stirred at 50 r.p.m. 
in  the pH 6.9 buffer. The coatings merely cracked open, 
and the drug was released extremely slowly from the 
ruptured tablets. It was not until the stirring rate was 
increased to 200 r.p.m. that the tablets really disinte- 
grated and eventually released their labeled content of 
drug. These results strongly suggest that the intensity 
of agitation in  the USP tablet disintegration test is too 
intense, at least for enteric-coated aminosalicylic acid 
tablets, and that the USP test does not predict per- 
formance in man. Thus, this is a documented case 
where a commercial product met compendia standards 
but was not suitable from a standpoint of effectiveness. 


Feldmann (3) stated: “In other words, from a 
statistical viewpoint, the number of cases i n  which 
products have been found to meet compendia standards, 
but are not suitable from the standpoint of effectiveness 
or safety, are negligible.” 


Historically there are several examples which could 
be used to challenge the above quotation, but in this 
communication we document an example discovered 
in our laboratory. 


(1) R. G. Stoll, P. D. Holmes. S. 9. Roth, and J. G. Wagner, Res. 
Commim. Cltem. Patlid. Phurmacol., 4, 327( 1972). 


(2) J. G. Wagner, “Biopharrnaceutics and Relevant Pharma- 
cokinetics,” 1st ed., Drug Intelligence Publications, Hamilton, Il l . ,  
1971. p. 112. 


(3) E. G. Feldmann. Statement of the National Formulary of 
the American Pharmaceutical Association to the Select Committee 
on Small Business-Subcommittee on Monopoly of the Senate of 
the United States, 90th Congress, 1st Session, Washington, D. C., 
June 8. 1967. 
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A To whom inquiries should be directed. 
-- 
Editor’s note: The number of different drug products on the U. S. market 
has been estiniatcd at somewhere bctween 100,OOO and 300,000. A most 
conservative estimate would be that one batch or lot has been produced 
annually of each product over the 5-year period between the quoted 
testimony and Dr. Wagner’s re ort of the faulty lot of aminosalic lic 
acid tablets. This amounts to a &fect rate of one lot out of a total oi!l/t 
million to 1’1, million batches of drug products. AS Dr. Wagner notes, 
there have been several such reports, probably raising the number of 
defects to five or perhaps 10; even this upper figure would give a defect 
ratio of approximately 1 :100,OOO. We are grateful to Dr. Wagner for 
confirming our hypothesis that from a statistical viewpoint such inci- 
dences indeed are negligible. -EGF 


Reliable and Simple Method of Intravenous 
Injection into the Laboratory Rat 


Keyphrases 0 Injection techniques, intravenous-use of dorsal 
penis vein, rats 0 Drug administration-intravenous injection uia 
dorsal penis vein, rats 0 Intravenous injection of drugs into small 
laboratory animals-dorsal penis vein method 


Sir: 


In a previous article, Salem el ul. (1) demonstrated a 
technique for intravenous injection of drugs into small 
laboratory animals oiu the dorsal penis vein. The advan- 
tages of this procedure compared to the tail vein method 
(2) lie in its simplicity, rapidity, reproducibility, and ease 
of injection. Tail vein injections into rats weighing over 
100 g. are usually difficult and poorly reproducible, and 
they generally require a great degree of skill. On the 
other hand, the dorsal penis vein technique requires 
very little prior experience, so a relatively untrained 
laboratory worker can master the procedure in a short 
time, i .e.,  one to  two trials. In addition, tissue damage at 
the site of injection will have a minor overall effect on 
the animal compared to intracardial injection, and 
surgical manipulations such as those involved with 
femoral vein injections (2) are not required. 


Due to these advantages it is not surprising that this 
method of drug administration is being employed in 
biopharmaceutical and pharmacokinetic studies. A 
review of the literature indicates that little information 
has been published concerning the physiological fate of 
drugs administered uiu this route. It is important to 
know whether this vein is part of the portal or general 
circulation. Drugs administered orally or intraperi- 
toneally are absorbed uiu the mesentery blood system. 
These vessels combine to form the portal vein which 
leads directly to the liver. The drug plasma concentra- 
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Table I-Urinary Excretion Data of Chinoantipyrine 
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eters Intracerdial (* SE) Penal Vein (f SE) 


Ka(hr.)-’ 0.232f 0.031 0.246 5 0.031 
3.24f 0.41 3 .03  f 0.32 


Rie 1 0 . 9 4 3 ~  1.66 
89.10f 1.65 


t”a(h*) 11.14 f 0.64 
Ra’ 88.87 f 0.64 


0.026 f 0.004 0.032 f 0.009 
k, (h.)-I 0.246 f 0.030 


0.130 
k’(h*)-l 0.201 * 0.027 
k Jk, 0.126 


- 


3 -  


~~ 


0 Mean of six animals. * No statistical difference in parameters due to 
route of injection as determined by the Student 1 test. c RI = ratio of 
cumulative amount excreted at time infinity of unmetabolized to total 
drug times 100 = k s / K ~ .  d RI = ratio of cumulative amount excreted at 
time infinity of metabolized to total drug times 100 = kn/K~. 


tion is relatively high during this first pass through the 
liver; for substances that are biotransformed at this 
site, the rate of metabolism can be expected to be 
higher than when the drug is administered oiu a route 
leading directly to the heart. This first-pass effect can be 
associated with an increase in the fraction of drug 
metabolized. The present study was undertaken to 
examine the fate of a drug after penis vein injection and 
to determine the influence of this route of administration 
on metabolism. In addition, the feasibility of performing 
urinary excretion studies after penis vein injection was 
explored. 


Male Sprague-Dawley rats1 were used. The animals 
(six in each group), weighing 257-268 g., were lightly 
anesthetized with ether and subsequently injected with a 
pH 7.4 Sorensons phosphate buffer solution of 4- 
aminoantipyrine (70 mg./kg.) by either the intracardial 
or dorsal penis route. Blood and urine samples were 
collected as a function of time and assayed for both the 
free drug and the acetylated metabolite according to the 
method of Brodie and Axelrod (3). Urinary drug 
recovery after 72 hr. expressed as percent of total dose 
recovered was 71.9 f 4.6 and 73.2 f 2.7% for the 
intracardial and dorsal penis vein injections, respec- 
tively. 


The cumulative amount of unmetabolized drug 
excreted in the urine was calculated as a function of 
time, and the data were appropriately plotted in 
accordance with the sigma-minus method (4). The 
overall elimination rate constant (KB) and the bio- 
logical half-life (r,I2) were determined from the least- 
squares slopes of such plots. A representative graph is 
shown in Fig. 1. As expected, the half-life of the drug 
was identical for both groups, regardless of the admin- 
istration technique. In addition, the half-life of the drug 
calculated from blood level data after penis vein injec- 
tion was essentially similar (2.9 f 0.3) to that obtained 
oiu urinary excretion (3.0 f 0.3). 


Measurement at time infinity, 72 hr., of the total 
cumulative amount of unchanged and metabolized 
drug recovered in the urine allows one to calculate the 
excretion rate constants for unchanged (k,) and me- 
tabolized (k,,,) 4-aminoantipyrine. The data shown in 
Table I summarize the pharmacokinetic parameters 
determined from the urinary excretion data. It appears 


1 Blue Spruce Farms, Altamont, N. Y. 


h. 


I I 1 I 
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HOURS 


Figure 1-Mean 4-aminoantipyrine excretion data after a 7O-mg.lkg. 
intravenous dose. Key: 0, iiitracardial; and ., dorsal perris oeirr. 


that the degree of 4-aminoantipyrine metabolism is 
similar for both intracardial as well as penis vein injec- 
tion. This suggests that drug injected oiu the dorsal penis 
vein does not directly enter the portal circulation. This 
was confirmed by following the suggested procedure of 
Conwayl, where 0.25-0.50 ml. of air was injected into 
the penis vein and the air bubbles were observed 
flowing through the inferior vena cava and not the 
portal vein. Injection of air into the femoral vein pro- 
duces the same result. 


Based on these experiments, it can be concluded that 
injection of drug into the dorsal penis vein leads to the 
general circulation and that a first-pass effect on drug 
metabolism is not to be expected. 


(1) H. Salem, M. H. Grossman, and D. J. Bilbey, J .  Phurm. Sci., 


(2) “The Rat in Laboratory Investigation,” E. 1. Farris and J. Q. 


(3) B. B. Brodie and J. Axelrod, J.  Pharmacd. Exp. Ther., 98, 


(4) E. Nelson,J. Pharm. Sci., 50,181(1961). 


52,794(1963). 


Griffith, Us., Hafner, New York, N. Y., 1967, p. 289. 
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N O T E S  


Phytochemical Investigation of 
Convolvulus arvensis (Convolvulaceae) 


B. 0. SOWEMIMO and N. R. FARNSWORTH' 


AhPtract A phytochemical investigation of the aerial parts of 
Conuoluulus aruensis resulted in the isolation and identification of 
several rr-alkanes and n-alkanols, a-amyrin, campesterol, stigmas- 
terol, and 8-sitosterol. 


Keyphrases Conooluulus aruensis L.-phytochemical investiga- 
tion of aerial parts, isolation and identification of n-alkanes, n- 
alkanols, a-amyrin, campesterol, stigmasterol, and 8-sitosterol u 
Medicinal plants-phytochemical investigation of Coiiuoluulus 
uruensis 0 European bindweed-phytochemical investigation 


Conuoluulus aruensis (Convolvulaceae), commonly re- 
ferred to as European bindweed, is a vine that grows 
wild in Europe and the United States. Phytochemical 
studies on this plant have been limited to the detection 
of saponins ( l ) ,  flavonoids and caffeic acid (2), alkaloids 
(3), and lipids (4) and to the identification of I-amino- 
levulinic acid (5 ) .  Aqueous extracts of the plant have 
been reported to have antihemorrhagic properties (6) 
and phytotoxic effects by inhibiting seedling growth 
and germination of wheat, flax, alfalfa, and oats (7). 
Resins obtained from the plant have been reported to 
have a cathartic action in rats (8), while total alkaloid 
extracts, when administered to cats and rabbits, gave 
a hypotensive effect with vasodilation and an increase 
in the coronary circulatory rate (9). 


EXPERIMENTAL 


Plant Material-The plant material1 used in this investigation 
was collected as a weed growing in Chicago, Ill., during August 
1971. The aerial parts were harvested, air dried, and milled to a 
coarse powder. 


Preparation of Crude Fractiow-The coarsely milled plant mate- 
rial (2.3 kg.) was extracted in a soxhlet apparatus for 36 hr. with 
petroleum ether (b.p. 30-60') which, after evaporation in uacuo, 
yielded 22.8 g. of petroleum ether-soluble extract. After air drying 
the defatted plant material, it was percolated with methanol. The 
methanol extract yielded 21 5 g. of residue after evaporation in uacuo. 


The petroleum ether fraction (22.8 g.) was chromatographed over 
a column containing 1.5 kg. of Woelm neutral alumina (activity 
111). Elution with petroleum ether (15 I.) followed by benzene (10 1.) 
gave 1 1.1 g. of an oily residue (A) and a residue of 7.2 g. (B), respec- 
tively. The material remaining on the column was eluted with chloro- 
form and methanol to yield a residue of 2.8 g. (C). 


Identification of Alkanes in Fraction A-A mixture of alkanes ( I  .2 
g.) was isolated by crystallization of Fraction A with hot acetone. 
The mixture melted a t  53-54'. An 1R spectrum (KBr) was typical 
for alkanes, with no evidence of hydroxyl or carbonyl absorption. 


1 Voucher specimens were prepared and identified as Conuoluulus 
aroensis L. (1-2344) and are deposited in the Herbarium of the Depart- 
ment of Pharmacognosy and Pharmacology, College of Pharmacy, 
University of Illinois at the Medical Center. 


The isolate was subjected to G C  analysis using an instrument' 
fitted with aO.05-cm. (0.02-in.) 0.d. X 15.2-m. (5041.) SE-30 support- 
coated open tubular (SCOT) column. Helium (15 ml./min.) was the 
carrier gas. The column was maintained at 220". Under these condi- 
tions, the sample separated into nine distinct peaks which, by 
comparison with reference samples, were identified (10) as rr- 
pentacosane (C~hHjl) (473, n-hexacosane (C2sHj4) (4 z), n-heptaco- 
sane (CITHW,) (1 5.1 x), n-octacosane (CzsH,) (9.773, n-nonacosane 
(GoHsa) (14.5 x), n-triacontane (Cd-l,) (1 3.7 x), and n-hentria- 
contane (CJIHs4) (38 .6z) .  The remaining two peaks (<I %) were 
not identified. 


Identification of Akanols in Fraction D-While attempting to 
dissolve Fraction B in benzene, some amorphous material separated 
and was removed by filtration. This sample weighed 1.5 g. and was 
designated as Fraction D. The filtrate was dried and designated as 
Fraction E. A mixture of alkanols (0.161 g.) was isolated from 
Fraction D by crystallization from hot acetone. The mixture 
melted at 76-77'. An IR spectrum (KBr) showed absorption peaks 
at 3300 (OH), 730, and 720 [(CHr),] cm.-I. Analysis of this isolate 
was effected by gas chromatography, using an instrurnent:l fitted 
with a 0.63-cm. (0.25-in.) 0.d. X 1.8-m. (64.) glass column packed 
with 3x OV-1. Helium (120 ml./min.) was the carrier gas. The 
column was maintained at 220". Under these conditions, the 
isolate separated into seven peaks which were identified by reading 
from a linear curve constructed by plotting reference sample 
homologs against the log of their respective retention times. The 
peaks were identified as n-octadecanol (C18) (trace), rr-nonadecanol 
(Go) (trace), rieicosanol (Go) (trace), n-heneicosanol (GI) (22.8 z), 
ti-tetracosanol (GI) (37.5 x), and n-hexacosanol (CZE) (35.3 z). A 
peak (3 %) between the 


Isolation and Identification of a-Amynn-TLC of Fraction E on 
silica gel G plates, developed with a solvent system composed of 
benzene-acetone (6: I )  and sprayed with sulfuric acid followed by 
heating, showed four spots. The sample was chromatographed over 
a column packed with 600 g. of silica gel PFZa4. The adsorbent was 
first activated by heating at 105" overnight and then deactivated 
with 10% (w/v) distilled water. It was packed with the above- 
mentioned solvent system. The column was eluted with the same 
solvent system and 20-ml. fractions were collected. Fractions 1-10 
from the column gave a yellow oil (3.1 g.), fractions 12-20 (1.45 g.) 
yielded a crude triterpene, and fractions 23-27 (1.08 g.) afforded a 
mixture of sterols. The crude triterpene was crystallized from 
ethanol to afford 50 mg. of colorless needles, m.p. 178-180" [lit. ( 1  1) 
m.p. 183'); [a]: + 92" (concentration, 0.5 in benzene) [lit. (11) 
[a]: + 90" in benzene]. An acetate was prepared in the usual 
manner and it was found to have m.p. 219-221 [lit. (1 I )  m.p. 220- 
227"]. The identity of the compound as a-amyrin was further 
established by an 1R spectrum (KBr), which was superimposable 
with that of an authentic sample of a-amyrin, and a mixed melting 
point with an authentic sample of a-amyrin, which was undepressed. 
A mass spectrum of the isolate gave a molecular ion at m/e 426 and 
exhibited a fragmentation pattern that was in agreement with that 
published for a-amyrin (1 2). 


Identification of Campesterol, Stigmasterol, and &Sitosterol- 
The mixture of sterols isolated from Fraction E was crystallized 
from ethanol to yield a product exhibiting m.p. 134-135". TLC of 
the isolate showed a single spot identical with 8-sitosterol, but GC 


and GI alcohols was unidentified. 


Perkin-Elmer model 800. 
a Varian Associates. 
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analysis showed it to be a mixture of three sterols. The mixture was 
analyzed using an instrument' fitted with a 0.63cm. (0.25-in.) 0.d. 
x 1.8-m. (6-ft.) glass column packed with Gas Chrom Q, 100-120 
mesh, and coated with 59,OV-101. Helium was used (80 ml./min.) 
as the carrier gas, and the column was maintained at 250". Cho- 
lestane was used as the internal standard. The sterols were identified 
as campesterol (15.6x), stigmasterol (6.2x), and 8-sitosterol 
(78.29,) by comparison of the relative retention times of the eluted 
sterols with reference samples of authentic sterols. 
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Synthesis of Potential Antineoplastic Agents XXII: Compounds 
Related to l-Nitro-3-[ (p-phenylbenzy1idene)aminolguanidine 


FRANK D. POPP 


Abstract 0 The nitroguanylhydrazone of 4-biphenylcarboxaldehyde 
exhibits antineoplastic activity in the Walker 256 and KB test sys- 
tems. Other nitroguanylhydrazones and other derivatives of 4- 
biphenylcarboxaldehyde were prepared and found to be devoid of 
antineoplastic activity. 


Keyphrases 0 l-Nitro-3-j(pphenylbenzylidene)amino]guanidine, 
related compounds-synthesized and screened as potential anti- 
neoplastic agents 0 Antineoplastic agents, potential-synthesis of 
compounds related to 1 -nitro-3-[(pphenylbenzylidene)amino]- 
guanidine, screened against Walker 256 and KB test systems 0 
4Biphenylcarboxaldehyde derivatives-synthesized and screened 
as potential antineoplastic agents 0 Nitroguanylhydrazones-syn- 
thesized and screened as  potential antineoplastic agents 


In connection with other work in progress in this 
laboratory, the nitroguanylhydrazone of 4-biphenyl- 
carboxaldehyde (I) was prepared. In routine screening, 
this compound was found to possess antineoplastic 
activity against Walker carcinosarcoma 256 (Table I) 
and had confirmed activity against KB cell culture. 
To explore this lead further, a series of nitroguanyl- 


NH 
c'H,*-N-NH-C-NHNO, I 


I 


hydrazones and some derivatives of 4-biphenylcarbox- 
aldehyde were prepared for screening. Nitroguanylhy- 
drazones were previously used to identify aldehydes and 


Table I-Summary of Screening of l-Nitro-3- 
[(pphen ylbenzylidene)amino]guanidine against Walker 
Carcinosarcoma 256 (Subcutaneous) in Fischer 344 Rats" 


Animal Weight 
Day of Num- ---Percent-- 
First berof Dif- 
Injec- Injec- Dose, ference 


Vehicle tion tions mg./kg. T-Cb T/Cc 
~ ~~ ~~ 


Hydroxypropyl- 1 9 
l x l l d o s e d  1 9 


1 9 
3 4 
3 4 
3 4 


Saline with 1 9 
polysorbate 1 9 
80 1 9 


1 9 
3 4 
3 4 
3 4 


400 -6 150 
200 -2 138 
100 -2 116 
400 - 1  166 m 1 177 
100 -2 116 
400 -7 144 
200 -2 133 
100 -5  144 
50 1 150 
400 -8  144 
200 -4 1 27 
100 1 1 1 1  


0 Supplied by Drub Research and Development, Chemotherapy, 
National Cancer Instltute. Intraperitoneal administration was made 
daily, with evaluation on Day 30. In all cases, there was 6 6 survivors. 
b Average wei ht change of test group minus average weight change of 
control animafs in grams. c Ratio of survival time of treated to control 
annals  expressed as percent. d Klucel. Two cures. 
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the analysis of variance. Heavy emphasis is given to nonparametric 
procedures. 


The “Black Magic Assay of Purity in Heart” used to illustrate 
binomial sampling is an example of whimsical but dective treat- 
ment of a number of topics. The most valuable part of the book, 
from the standpoint of biomedical research, is the three chapters 
bringing together the relationship between two variables and cor- 
relation, as well as assays and calibration curves. Illustrations of the 
individual effective dose, direct assays, all-or-none responses, and 
the probit transformation conclude the book. 


The two appendixes develop more rigorously some of the mathe- 
matical concepts outlined in earlier chapters. An example of this is a 
”stochastic view of the adsorption of molecules from solution.” 


A unique feature of the book is the extensive cross-referencing to 
related topics in other parts of the book which is very good even if it 
may sometimes interfere with the reader’s train of thought. The text 
is remarkably free from typographical errors. While this reviewer 
did not check out all of the computation in the numerous examples, 
it does seem to be in order. 


With the increasing emphasis on bioavailability studies found 
today, this book is certainly to be recommended to students in 
biology, pharmacy, and medicine as an introduction to the correct 
application of statistical concepts and techniques to their chosen 
field of efIort. 


Reaiewed by H. Latham Breunig 
Eli filly and Company 
Indianapolis, IN 46206 8 


Ups and Do-, Dhgging and Duplng. By J. RICE, M.D. Macmillan, 
866 Third Ave., New York, NY 10022, 1972. 214 pp. 13.5 X 21 
cm. Price S5.95. 
As another book on drug abuse, this publication has more to com- 


mend it to the lay reader than many others. It is readable; reason- 
ably comprehensive, covering not only commonly abused drugs but 
also over-the-counter products, alcohol, and nicotine; and well 
documented. This book is not intended for the technical reader; 
however, it does present good and understandable summaries of 
research efforts in certain areas. 


Staff Reoiew 8 


Opiates and Their Al(enrates for Pain and Coup$ Relief. Report of a 
WHO Sdentiflc Group. World Health Organization Technical 
Report Series. World Health Organization, Geneva, Switzerland 
(available from American Public Health Association, Inc., 1015 
18th St., NW, Washington, DC 20036), 1972. 30 pp. 16 X 24 
cm. Price $0.75. 
This report considers marketed drugs that have already been 


evaluated objectively by controlled clinical trials and subjected to 
clinical scrutiny. Effectiveness for relief of mild-to-severe pain uses 


morphine as the reference; cough relief &ectiveness is related to 
codeine. Psychic or physical dependence and tolerance capacities are 
discussed. 


StaffReview 8 


Chemist and Druggh Directory 1972 and Tablet & Capsule I-- 
catfaa Guide. Berm Brothers Limited, Bouverie House, 154 Fleet 
Street, London, EC4 2DL. England, 1972.332 pp. 20.5 X 28 cm. 
Price 56.00. 
This publication is a useful reference for information on British 


drug products and related pharmaceutical organizations, facilities, 
laws, services, and miscellaneous information. It is thumbtabbed 
into 10 sections to facilitate use. 


Staff Review 8 
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Microbiological Determination of Drug Partitioning 11: 
Functional Dependence of Partition 
Coefficient on Drug Concentration 


SADEGH JAVIDAN* and ROBERT G. MRTEK' 


Abstract 0 Data were collected pertaining to the partitioning of 
phenylmercuric nitrate in complex gelatin-acacia coacervate sys- 
tems. The partition coefficient of the drug could be measured reli- 
ably only over a relatively short concentration range using tradi- 
tional chemical methods. With microbiological analysis the useful 
range of measurement of partition coefficients was extended signif- 
icantly by comparing the number of partially inhibited Escherichia 
cdi to the amount of drug in the coacervate system. Mathematical 
relationships were derived which relate the amount of partitioned 
drug in the complex coacervate to the reduction in growth of E. 
c d i  B/r. 


Keypbrases Phenylmercuric nitrate-microbiological determina- 
tion of partitioning in coacervate systems, partition coefficients, 
equations 0 Microbiological determination of partitioning- 
phenylmercuric nitrate partition coefficients, equations 0 Partition 
coefficients, phenylmercuric nitrate-microbiological determina- 
tion, equations 0 Escherichia c d i 4  in microbiological deter- 
mination of phenylmercuric nitrate partitioning 0 Gelatin-acacia 
complex coacervate system-microbiological determination of 
phenylmercuric nitrate partitioning 0 Drug partitioning-micro- 
biological determination, phenylmercuric nitrate in gelatin-acacia 
coacervate system 


In a previous paper, gelatin-acacia complex coacer- 
vate systems were developed to serve as the model sys- 
tem for the determination of the partitioning of phenyl- 
mercuric nitrate. Partial inhibition in the growth of 
Escherichia coli B/r by the antimicrobial drug was used 
as the end-point of such investigation. The amount of 
drug present in an aliquot was determined from repro- 
ductive index measurements made with a Coulter coun- 
ter' (1). Coacervate systems have served as models for 
investigating the partitioning of many types of drug 
compounds including barbiturates, methylene blue, 
sugars, phenothiazines, phenol, hexachlorophene, and 
salicylic acid (2). The partitioning of halothane has been 
studied in gelatin-acacia, gelatin-benzalkonium chloride 
(2), and benzalkonium chloride-salicylate or Aerosol 
OT coacervate systems (3). The results of such investi- 
gations have demonstrated the suitability of coacervate 
model systems for partitioning studies. 


In most studies involving various model systems, the 
partition coefficients of drugs have been determined by 
traditional chemical analytical techniques. Although the 
ultimate goal of drug partitioning studies is to obtain B 
better understanding of the processes by which drug 
molecules exert their biological activities, chemical 
measurements do not always seem to serve this goal 
adequately. For example, drug molecules may undergo 
physical or chemical alteration to bioinactive forms due 
to the experimental or analytical process itself. On the 


1 Model B. Coulter Electronics, Hialeah. Fla. 
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other hand, the reliability of biological activity assay 
procedures has been emphasized extensively, although 
they are not used as frequently as their applicability may 
warrant. Apparently one reason that bioassay proce- 
dures are not utilized more frequently in drug partition- 
ing studies is that some procedures are not as rapid as 
the commonly used physical or chemical methods. 
Since the bioassay is generally accepted as representing 
an accurate picture of drug activity in various experi- 
mental systems, these methods are particularly valuable 
in analyzing systems that contain drugs specifically used 
for clinical biological activity, such as the antibiotics and 
antimicrobial agents. Based on the fact that coacervate 
systems are increasingly accepted as accurate models of 
biological systems (4, 5) and the general adaptability of 
bioassay procedures, the purpose of these studies in- 
cludes an investigation of the biological determination 
of drug partitioning in complex coacervate systems. 


In this work, phenylmercuric nitrate was incorporated 
into coacervate and noncoacervate systems. After par- 
titioning was completed between the equilibrium liquid 
and the coacervate phase, aliquots were withdrawn from 
the equilibrium liquid and/or the noncoacervate systems 
and incubated for specific times with rapidly growing 
microorganisms. Partial inhibition in the growth of E. 
coli was the parameter chosen to determine the amount 
of drug in each aliquot. The number of organisms was 
plotted against the total amount of drug in the system, 
and equations were derived which relate the partition 
coefficient of phenylmercuric nitrate to its inhibitory 
effect on the growth of E. coli. The general nature of 
these equations allows the partition coefficient of drugs 
in any system to be calculated from any biological pa- 
rameter exhibited by the drug entities. 


EXPERIMENTAL 


Orgdsms and Reageats-E. cd i  B/r (ATCC 23227) was used 
as the test organism. Subculturing of the organism and the prep  
aratioa of culture media were previously reported (1). Phenyl- 
mercuric nitrate' was used as the antimicrobial agent. Granulated 
acacia USP* and Bacto gelatin' were used as colloidal solutes in the 
coacervate system. Filtered nitric acid' (0.1 N) was used to form the 
coacervates. 


Reparation of Coacervate Systenrs-Gelatin-acacia stock solu- 
tions containing 5z (w/v) gelatin and 6z (w/v) acacia were pre- 
pared. A sterile stock solution of drug was prepared by filtering a 
solution of phenylmercuric nitrate (600 mcg./ml.). Into each of a 
series of Wml. sterile graduated glass centrifuge tubes was placed 
4 ml. of the gelatin-acacia stock solution. After the addition of 


'Eastman Or anic Chemical Rochester. N. Y. 
:Lot No. N#B-283. Penick b., New York, N. Y. 
4 Lot No. 530946, Difco Laboratories, Detroit, Mich. * Baker Analyzed Reagent. 







1.5 ml. of 0.1 N nitric acid, aliquots of phenylmercuric nitrate 
(Table 1) were added to each tube. The contents of the tubes were 
diluted to 30 ml. by the addition of sterile distilled water and mixed. 
In another series of tubes, the same amounts of reagents were added, 
except for the omission of the nitric acid. This series did not form a 
coacervate because of the absence of nitric acid. All tubes were 
stored at 37" to allow for the completion of the drug partitioning 
and the separation of the phases. 
Growth Conditi-After 24 hr., aliquots were withdrawn from 


each coacervate and noncoacervate system and inoculated into 
flasks containing organisms growing in an exponential phase. After 
4.5 hr., a sample of the organisms was counted by a colony-count 
method and by means of the Coulter counter as previously de- 
scribed (1). 
cheraicnl Assay of Phenylmemvic Nitrate-A modification of the 


procedure used by Gage (6) was adopted for the assay. The following 
aqueous solutions were prepared in 100-ml. volumetric flasks: 
hydroxylamine hydrochloride6 20% (w/v), urea7 10% (w/v), di- 
sodium edetatd 2.5% (w/v), and sodium acetate trihydrateg 50% 
(w/v). DithizoneIo stock solution was prepared by dissolving 20 mg. 
purified dithizone in carbon tetrachloridell to make 100 ml. of 
solution. The solution was refrigerated until used. A working solu- 
tion was prepared by diluting 1 ml. of stock solution of d i thhne  to 
20 ml. with chloroforml*. Potassium perrnanganatel' and sulfuric 
acid" 50z (v/v) were used to oxidize the phenylmercuric nitrate. 
Mercuric chloride16 was used to make a standard solution contain- 
ing 67.7 mg./l., with 0.5 N HCI as the solvent. 


6 Lot No. 702-! Eastman Organic Chemicals, Rochester. N. Y. 
7 Fisher Scientdc Co. 
8 Lot No. 6354, Eastman Or anic Chemicals. * Lot No. 43246 Merck & &.,.Rahway, N. J. 
10 Lot No. F423&, Fisher Scientific Co. 
11 Lot No, TNE. Mallinckrodt Chemical Works. 
I*  Lot No. YHR, Mallinckrod! Chemical Works. 
1) Lot No. F140. Fisher Scientific Co. 
14 Mallinckrodt Chemical Works. 
1' E. I. du Pont de Nemours & Co. 


The chemical method involves the oxidation of phenylmercuric 
nitrate with acidic permanganate and then titration of the mercury 
content with dithizone solution. Twenty milliliters of equilibrium 
liquid from each coacervate system was transferred to 125-ml. 
conical flasks with stoppers. Two milliliters of 50% (v/v) sulfuric 
acid was added to the solution; 0.5 g. potassium permanganate and 
one drop of octanol were then added. The flasks were placed in 
boiling water for 10 min., and 3 ml. of hydroxylamine hydrochloride 
solution was added to each flask to decolorize the mixture. The 
mixture was allowed to cool to  room temperature. To the oxidized 
solution, 2 ml. of urea and 1 ml. of edetate were added. The pH was 
adjusted to 1.5 with sodium acetate solution, and 0.5 ml. of chloro- 
form was added. Twenty milliliters of the equilibrium phase of a 
coacervate system containing no drug was treated in the same way 
as the test solution to prepare a suitable blank. 


Diluted dithizone-chloroform was placed in a 25-ml. buret, and 
small portions were added to each test solution. After each incre- 
ment, the stopper was replaced and the solution was shaken vig- 
orously. In the presence of mercury, the separating organic layer 
had an orange color. Increments of dithizone solution were added 
until a grayish color appeared, which was intermediate between the 
orange of the mercury complex and the green color of the dithitone 
solution. The volume of the dithizone was recorded, and the same 
volume was added to the blank solution. The blank was then titrated 
to the same grayish color with standard mercuric chloride solution, 
and the amount of mercury in the original sample was obtained by 
calculation from the known volume of added standard. 


Miaobiologkd Determinetioll of Partition Coeffident-One-Line 
Method-The total number of organisms obtained from Coulter 
counts were converted into reproductive coefkient (RC) and 
reproductive index (RI) values using the following relationships: 


When log Rl  values obtained from noncoacervate systems were 
plotted wrsus the concentration of drug (micrograms per milliliter) 
in the noncoacervate system, a straight line was obtained (Fig. 1). 
The least-squares regression line was calculated using regression 
models of the univariate normal type, where x = concentration of 
drug in micrograms per milliliter in the noncoacervate system and 
y = (log RI). The line in Fig. 1 may be used as a standard to predict 
the concentration of drug corresponding to a measured R l  value 
obtained with aliquots of known volume drawn from equilibrium 
liquids incubated with E. cdi. 


For example, assume that a 1-ml. aliquot was removed from the 
equilibrium phase of a coacervate system containing some total 
quantity of phenylmercuric nitrate and that it produced an Rl 
value equal t o  75 when measured by the technique of the inhibition 
of E. coli. From Fig. 1, a corresponding value on the x-axis equiv- 
alent to 30 mcg. of drug is obtained, thereby indicating the actual 
amount of phenylmercuric nitrate contained in the 1-ml. aliquot 
drawn from the drug-partitioned equilibrium phase. In this way, 
any aliquot from a COaCervate system equilibrium layer may yield a 
corresponding concentration of phenylmercuric nitrate that relates 
to its observed Rl value. 
To derive a mathematical expression for the partition coefficient, 


let Q assume a value that is equal to the actual concentration of drug 
in the equilibrium liquid expressed in micrograms per milliliter. 
Considering the total volume of the equilibrium liquid in the CO- 
acervate system to Y, ml., then the amount of drug in the equilibrium 
liquid is UVS mcg. If the total amount of drug added to each system 
is T mcg., the amount of drug partitioned into the coacervate phase 
would be (T - aV*) mcg. Dividing this value by the volume of the 
coacervate layer itself, Yi ml., the concentration of the drug in the 
coacervate phase can be obtained as (T - aYa)/Vi mcg./ml. 


Since the pertition coefficient (PC) is defined as the ratio of the 
drug concentration in the coacervate phase over the concentration 


V d .  62, No. 3, March I973 0 421 







Flgure 2-Effect of phenylmercuric nitrate on the reproductive index 
(RII of E. coli Blr ( twd ine  method). Key: X,  aliquots drawn from 
equilibrium liquids; and 8,  alquots drawn from noncwcermte sys- 
tems. 


Two-Line Method (Derivation I)-Logarithmic RI values ob- 
tained from both coacervate and noncoacervate systems were plotted 
against T, the total amount of drug introduced into each system. 
Figure 2 shows the straight lines obtained when (log RI) values are 
plotted versus the microgram quantities of phenylmercuric nitrate 
present in each system. For any selected value of RI, there are two 
different corresponding values on the x-axis, labeled A and B. 
These represent the different amounts of drug that must be added 
to each system ( A  = noncoacervate, B = coacervate) to yield 
identical reproductive indexes in the equilibrium liquid of the 
coacervate system and the noncoacervate system after drug par- 
titioning has taken place. It is assumed that for equivalent RI values, 
the amounts of drug in the aliquots are identical regardless of the 
total amounts of drug in the system as indicated by A and B. If the 
concentration of drug in the equilibrium liquid and the noncoacer- 
vate system required to produce the same R I  is designated as CI, 
CI is the concentration of the drug in the coacervate phase 
(micrograms per milliliter), and V, and VI are the volumes of the 
coacervate phase and the equilibrium liquid in milliliters, respec- 
tively, an equation may be written that relates the apparent total 
amount of drug in the COaCervate system ( B )  as determined from 
Eq. 4: 


CiVi + C;Vi = B 0%. 4) 


By dividing Eq. 4 by G, the concentration of drug in the noncoacer- 


vate system at the same RI value (and similarly the concentration of 
drug in the equilibrium phase), the following equation may be ob- 
tained: 


Once again the partition coefficient is defined as the concentration 
of the drug in the coacervate phase with respect to its concentration 
in the equilibrium liquid and is expressed as PC = (C1/G). Sub- 
stitution of PC in Eq. 5 and subsequent rearrangement yield: 


Because the total volume of the noncoacervate systems has been 
experimentally fixed to equal Vl + VS (the volume of the coacervate 
system) and the amount of drug needed to produce the same R I  in 
both systems is equal to CS, one can write: 


As before, A and B are obtained from straight-line plots such as 
Fig. 2 and represent amounts of drug needed to give equivalent RI 
values in coacervate and noncoacervate systems. Vl and VI can be 
measured visually after equilibrium is completed in the coacervate 
system. 


Two-Line Method (Derioation l+In Fig. 2, B / A  represents the 
ratio of the concentration of drug in noncoacervate systems to that 
of the equilibrium liquid in the coacervate system needed to p r e  
duce equivalent values of RI. Of course, this relationship holds only 
when the same amount of drug has been added to both systems. 
Under these conditions, for any value of R I  that is selected, the 
ratio may be expressed as: 


concentration of drug in noncoacervate system 
concentration of same drug in equilibrium liquid of coacervate 


If T micrograms of drug is added to each system and V is the 
volume of the noncoacervate system in milliliters, TIV equals the 
amount present per milliliter of noncoacervate system. These ex- 
pressions indicate that in B / A  ml. of equilibrium liquid, T/V mcg. 
drug is present. The amount of drug in the total volume of equilib- 
rium liquid is: 
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Table I-Partition Coefficient of Phenylmercuric Nitrate (PMN) in Gelatin-Acacia Complex Coacervate Systems Determined 
by Partial Inhibition in the Growth of E. coli B/r and by Chemical Method 


~~ 


PMN (600 
PC PC mcL?./ml.) --Reproductive Index of-- 


Stock Soh- -PMN mcg. Present in- Noncoacervatc aValue Calculated Calculated 
from from tion Added 1 ml. Non- ----System(RI.)-- Coecervate Calculated 


to Each coacervate Colony System from Graph, Microbio- Chemical 
System, ml. Each System System Count Total Count (RL) mcg. IogicalMethod Assay 


(1) (2) (3) (4) (5) (6) (7) (8) (9) 
1.25 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
8.0 
12.0 
15.0 
16.0 
16.6 
17.5 


750 
900 
1200 
1500 
1800 
2100 
2400 
4800 
7 m  
9300 
9600 
9900 lorn 


25 
30 
40 
50 
60 
70 
80 
160 
240 
310 
320 
330 
350 


82.1 
77.0 
69.1 
64.3 
51.2 
48.6 
45.0 
19.8 
8.6 
5.0 
2.0 
0 
0 


84.51 
76.1 
68.2 
65.1 
56.4 
49.7 
47.1 
20.5 
9.2 
6.2 
3.05 
3.01 
3.0 


8 8 . 5  
86.2 
79.3 
75.0 
69.91 
64.1 
60.7 
33.7 
19.2 
12.3 
9.02 
8.3 
6.7 


13.84 
16.95 
25.4 
32.3 
39.65 
47.72 
5 5 . 5  
114.8 
175.1 
220.3 
252.6 
260.6 
279.11 


13.1 
12.55 
9.61 
9.22 
8.70 
8.0 
7.6 
6.9 
6.59 
5.37 
5.01 
5 . 0 0  
5 .OO 


13.39 
12.67 
9.7 
9.10 
8.89 
8.30 
8.0 
6.51 
5.92 
5.11 
4.62 
4.89 
4.87 


which assumes the units of micrograms. The concentration of drug 
in the equilibrium liquid can be obtained by dividing the expression 
for the amount of drug by the volume of the equilbrium liquid: 


T A  
V B  


__-  vg : V Z  = - mcg./ml. 


Subtracting Eq. 12 from the total amount of drug in each system 
( T )  gives the amount of drug in the coacervate phase: 


(Eq. 14) VB VB 


Similarly, the concentration of the drug in the coacervate phase 
may be obtained by dividing its amount by the appropriate volume 
V, : 


VITA TVB - VzTA T - -  ii 


From Eqs. 13 and 15, the definition of the partition coefficient may 
be written as a ratio of concentrations of drug in coacervate phase 
to drug in equilibrium phase: 


(Eq. 16) 
Eq.15 T(VB - V2A) -i- p c =  - = 
Eq. I 3  VI VB VB 


Simplification yields: 


Since the total volumes of the coacervate and noncoacervate systems 
were kept equal and V = Vl + Vz, Eq. 17 may be rewritten to give 
an identity with Eq. 86 from the previous derivation. Therefore, it is 
evident that the expressions obtained for the partition coefficients 
obtained by the one-line and two-line methods are the same. 


Chemical Detenninatiw of Partition Cddent--Each milliliter 
of the standard mercury solution used in the assay of phenylmer- 
curic nitrate is equivalent to 0.75 mcg. of organic mercury present 
in the original sample (6). Phenylmercuric nitrate has been re- 
ported to contain 63.2% (w/w) mercury (7). Therefore, each mil- 
liliter of the standard solution consumed in the titration is equiva- 
lent to 375/316 or 1.1867 mcg. of phenylmercuric nitrate. In the 
experimental studies reported here, the volume of the equilibrium 
liquid was 20 ml. If n ml. of the standard mercuric chloride solu- 
tion is used in the chemical assay, then a, the value of the con- 
centration of phenylmercuric nitrate in micrograms per milliliter 
of the equilibrium liquid, can be calculated from b. 18: 


Finally, the partition coefficient of phenylmercuric nitrate in the 


coacervate system may be determined from Eq. 36. Calculated 
partition coefficient values from this method are shown in Table I, 
Column 9. 


A comparison of Column 8 in Table I with Column 9 reveals 
that the partition coefficient for phenylmercuric nitrate in complex 
coacervate systems as determined by the microbiological method is 
in agreement with that obtained by the chemical assay procedure 
for organic mercurial compounds. The deviations at low concentra- 
tions of drug are attributed to the limiting sensitivity of the chemical 
assay method. 


The microbiological measurement of drug partitioning in com- 
plex COacervate systems need not be confined to antimicrobial 
agents (8, 9). As long as substances are capable of exhibiting any 
type of biological activity, they are candidates for studies of this 
type. In nearly every instance, microorganisms may be selected 
whose growth will be predictably altered by the presence of the 
drug being studied. In this way, vitamins, cytotoxic agents, nutrient 
components, etc., could be partitioned in coaervate systems and 
measured microbiologically by the methods described here. 
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Identification of a Major Impurity in 
Methamphetamine 


KeypbrPsee 0 Methamphetamine-N-methyl-N-b-methylphenyl- 
ethy1)fonnamide isolated and identified as impurity in illicit samples 
0 N-Methyl-N-(a-methylphenylethyl)fommide-isolated, identi- 
fied as major impurity in illicit samples o f  methamphetamine 


Sir: 
A major impurity in samples of illicit methamphet- 


amine was isolated and identified as N-methyl-N-(a- 
methylpheny1ethyl)formamide (I). 


Initial TLC investigations into the impurities present 
in exhibits of methamphetamine indicated I to be pres- 
ent in all samples. Qualitative analysis by TLC can be 
accomplished on silica gel plates using either of two 
solvent systems: A, chloroform-methanol (9 : 1); and 
By chloroform-acetone-triethylamine (5 : 4 : 1). Both 
methamphetamine and I may be visualized by spraying 
successively with iodoplatinatel and p-dimethylamino- 
benzaldehyde* reagents. The R, values of I in Solvent 
Systems A and B are 0.69 and 0.76, respectively. 


Compound I was identified as the impurity by extrac- 
tion from a TLC plate to yield a yellow oil. An IR 
spectrum of the oil showed aromatic absorption at 
3050 cm.-* and aliphatic absorption at 2990 and 2950 
cm.-l. A weak band at 2860 cm.-l suggested the pres- 
ence of a formyl group. The spectrum also indicated 
the presence of an amide carbonyl at 1675 crn.-l and 
absorption due to a monosubstituted phenyl group at 
700 and 750 cm.-l. 


NMR spectruma of the oil showed two singlets at 
7.93 and 7.70 6 (formyl), a singlet at 6.93-7.50 8 (phenyl), 
two multiplets at 4.53-4.93 and 3.47-4.03 6 (methine), 
a multiplet at 2.66-2.83 6 (benzyl and N-methyl), and 


Dissolve 1 g. platinum chloride in LO ml. of water, mix with 250 ml. 
of 49, (w/v) aqueous potassium iodide,and dilute to 5.00 ml. with water. 


a Dissolve 125 mg. p-dimethylaminobenzaldehyde in.100 ml.. of 50% 
(v/v) sulfuric acid and add 2 drops of 10% (w/v) ferric chloride solu- 
tion. 


Varian T-60 spectrometer. 


a pair of doublets at 1.13 and 1.27 8 (C-methyl). The 
duplicate NMR spectrum for the aliphatic protons is 
expected on the basis of restricted rotation about the 
C-N bond in formamides (1). A mass spectrum' of 
the oil yielded a parent peak at m/e 177 and a cracking 
pattern consistent with the proposed structure. 


Further confirmation of the identity of I was obtained 
by formylation of methamphetamine by a modification 
of the method of Sheehan and Yang (2). A mixture of 
10 ml. of acetic anhydride and 5 ml. of 88 formic acid 
was added to 1.5 g. of methamphetamine, yielding an 
almost quantitative yield of the N-formyl derivative. 
Comparison of the synthetic material with that isolated 
from exhibits by TLC, IR, and NMR showed the two 
to be identical. 


Quantitative analysis by GLC5 on 30 randomly se- 
lected samples indicated I to be present in amounts 
ranging from 10 to 39 


Production of illicit methamphetamine apparently is 
accomplished by a method involving production of I 
from phenylacetone and N-methylformamide (3) and 
hydrolysis to methamphetamine. The residue of I would 
arise due to incomplete hydrolysis. 


(1) L. A. LaPlanche and M. T. Rogers, J.  Amer. Chem. Soc., 86, 


(2) J. C. Sheehan and D . 4 .  Yang, ibid., 80, 1154(1958). 
(3) P. Mastagli and G. de Bievre-Gallin, Compt. Rend., 224,1290 


relative to methamphetamine. 


337(1964). 


(1947). 
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Hitachi Perkin-Elmer RMU-6 spectrometer. 
6 Bendix 2500, e ui ed with a 1.8-m. X 0.63-cm. (6-ft. X 0.25-in.) 


glass column, 59,88? on Gas Chrom Q. at 165'. Phenacetin was 
used as an internal standard. 
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analysis showed it to be a mixture of three sterols. The mixture was 
analyzed using an instrument' fitted with a 0.63cm. (0.25-in.) 0.d. 
x 1.8-m. (6-ft.) glass column packed with Gas Chrom Q, 100-120 
mesh, and coated with 59,OV-101. Helium was used (80 ml./min.) 
as the carrier gas, and the column was maintained at 250". Cho- 
lestane was used as the internal standard. The sterols were identified 
as campesterol (15.6x), stigmasterol (6.2x), and 8-sitosterol 
(78.29,) by comparison of the relative retention times of the eluted 
sterols with reference samples of authentic sterols. 
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Synthesis of Potential Antineoplastic Agents XXII: Compounds 
Related to l-Nitro-3-[ (p-phenylbenzy1idene)aminolguanidine 


FRANK D. POPP 


Abstract 0 The nitroguanylhydrazone of 4-biphenylcarboxaldehyde 
exhibits antineoplastic activity in the Walker 256 and KB test sys- 
tems. Other nitroguanylhydrazones and other derivatives of 4- 
biphenylcarboxaldehyde were prepared and found to be devoid of 
antineoplastic activity. 


Keyphrases 0 l-Nitro-3-j(pphenylbenzylidene)amino]guanidine, 
related compounds-synthesized and screened as potential anti- 
neoplastic agents 0 Antineoplastic agents, potential-synthesis of 
compounds related to 1 -nitro-3-[(pphenylbenzylidene)amino]- 
guanidine, screened against Walker 256 and KB test systems 0 
4Biphenylcarboxaldehyde derivatives-synthesized and screened 
as potential antineoplastic agents 0 Nitroguanylhydrazones-syn- 
thesized and screened as  potential antineoplastic agents 


In connection with other work in progress in this 
laboratory, the nitroguanylhydrazone of 4-biphenyl- 
carboxaldehyde (I) was prepared. In routine screening, 
this compound was found to possess antineoplastic 
activity against Walker carcinosarcoma 256 (Table I) 
and had confirmed activity against KB cell culture. 
To explore this lead further, a series of nitroguanyl- 


NH 
c'H,*-N-NH-C-NHNO, I 


I 


hydrazones and some derivatives of 4-biphenylcarbox- 
aldehyde were prepared for screening. Nitroguanylhy- 
drazones were previously used to identify aldehydes and 


Table I-Summary of Screening of l-Nitro-3- 
[(pphen ylbenzylidene)amino]guanidine against Walker 
Carcinosarcoma 256 (Subcutaneous) in Fischer 344 Rats" 


Animal Weight 
Day of Num- ---Percent-- 
First berof Dif- 
Injec- Injec- Dose, ference 


Vehicle tion tions mg./kg. T-Cb T/Cc 
~ ~~ ~~ 


Hydroxypropyl- 1 9 
l x l l d o s e d  1 9 


1 9 
3 4 
3 4 
3 4 


Saline with 1 9 
polysorbate 1 9 
80 1 9 


1 9 
3 4 
3 4 
3 4 


400 -6 150 
200 -2 138 
100 -2 116 
400 - 1  166 m 1 177 
100 -2 116 
400 -7 144 
200 -2 133 
100 -5  144 
50 1 150 
400 -8  144 
200 -4 1 27 
100 1 1 1 1  


0 Supplied by Drub Research and Development, Chemotherapy, 
National Cancer Instltute. Intraperitoneal administration was made 
daily, with evaluation on Day 30. In all cases, there was 6 6 survivors. 
b Average wei ht change of test group minus average weight change of 
control animafs in grams. c Ratio of survival time of treated to control 
annals  expressed as percent. d Klucel. Two cures. 
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Table 11-Nitroguanylhydrazones 


Aldehyde or Ketone Used (RRKO) 


4Biphenylcarboxaldehyde 
Acetylferrocene 
Acetylisatin 
1-Benzylindole-3arboxaldehyde 
CBromobenzaldehyde 
Cyclopentanone 
Ferrocenecarboxaldehyde 
4-Fluorobenzaldehyde 
Isatin 
Pentafluorobenzaldehyde 
Pyridine-3-carboxaldehyde 
Quinoline-2arboxaldehyde 
3,4,5-Trimethoxybenzaldehyde 


Yield, 7- Analysis, %-- 
Melting Point x Formula N Calc. N Found 


225-227 a 90 CirHirNs01 24.72 24.40 
205-207 80 CisHi aFeNs01 21.28 20.95 
224-226 O 30 CII HI o N ~ P  28.96 28.93 
208-209" 91 CirHie"O2 24.99 24.76 
220-221 92 C&BrNaO2 24.48 24.41 
139-141 O 65 CsHiiNsO2 37.82 37.74 
195-196" 76 C12HlsFeNsO~ 22.23 22.05 
206-207 O 83 CeHaFNsO2 31.10 30.94 
268-270" 98 CpHJ'Ws' 33.86 33.87 
233-234" 94 CaH4FsNsOz 23.57 23.41 
230-231 O 67 GHsNaOz 40.37 40.50 
228-229 61 CiiHt~NiOi 32.55 32.40 
208-209" 76 CiiHisNaOs 23.56 23.46 


~~~~ 


o Calc.: C, 45.52; H, 3.41. Found: C. 45.36; H, 3.61. bCalc.: C, 43.55; H. 3.25. Found: C, 43.68; H, 3.39. 


Table 1114-Biphenylcarboxaldehyde Derivatives R-N=CH-,H, 


RNH2 Used 
Yield, c- Analysis, x-- 


Melting Point % Formula N Calc. N Found 


Diaminomaleoni trile 
1.1-Dimethylhydrazjne 
4PhenylsemiVbaz!de 
4-Phenyl-3-thtosemicarbazide 


231-232" 83 C17HizN4" 20.58 20.36 
86-87' 63 CioHisN~ 12.49 12.41 


207-208 O 95 C~oHiiNr0 13.32 13.40 
197-1 98 O 99 C2oHiiNtS 12.68 12.66 


0 Calc.: C, 14.98; H, 4.48. Found: C, 74.81 ; H, 4.35. 


ketones (1) and showed antitubercular activity (2). Pre- 
viously unreported compounds in these two series are 
shown i n  Tables I I  and 111. 


Screening results indicate a complete lack of anti- 
neoplastic activity (T/C of 125 % for tumor survival 
systems and T/C 42 % for tumor weight-inhibition 
systems) for all except the title compound in Tables I1 
and 111. Furthermore, of a large number of known 
nitroguanylhydrazones that have been screened, only 
three showed even marginal activity. KB cell culture ac- 
tivity was observed, however, in some of these com- 
pounds. 


EXPERIMENTAL' 


Nitroguanylhydramn-To a warm solution of 1.19 g. (0.01 
mole) of I-amino-3-nitroguanidine in 10 ml. of ethanol, 10 ml. of 
water, and 20 ml. of acetic acid was added 0.01 mole of the car- 
bony1 compound in 25 ml. of ethanol. The mixture was heated on 


1 Analyses were performed by Spang Microanalytical Laboratory, 
Ann Arbor, Mich. Melting points were determined in capillary tubes and 
are corrected. 


the steam bath for 30 min., cooled. and filtered to give, after re- 
crystallization from ethanol, the compounds listed in Table 11. 


443ipbemylearboxaldehyde Derivatives-To 1.82 g. (0.01 mole) of 
4biphenylcarboxaldehyde in 20 ml. of ethanol was added 0.01 
mole of the appropriate carbonyl reagent in ethanol. The mixture 
was heated on the steam bath for 30 min., cooled, and filtered to 
give, after recrystallization from ethanol, the compounds listed in 
Table 111. 
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Microbiological Determination of Drug Partitioning III: 
Partition Coefficient Profiles of 
Several Antimicrobial Agents 


SADEGH JAVIDAN* and ROBERT G. MRTEK' 


Abstract 0 Drug partitioning of four antimicrobial agents in 
gelatibacacia complex coacervate systems was studied. Partial 
inhibition in the growth of Escherichia cdi, Staphylococcus aureus, 
and Pseudotnonas aeruginosa permitted the determination of parti- 
tion cwfficients for the antimicrobial agents in coacervates over a 
concentration range of 0.12-2.4 mg./ml. The usefulness of this 
method is apparent from a comparison of partition coefficients ob- 
tained with the same drugs using traditional chemical analysis. The 
dependence of partition coefficient on drug concentration in the 
system demonstrates the suitability of the methods for drug bind- 
ing studies using mcervates as biological models. 


Keyphrases 0 Antimicrobial agents-microbiological determination 
of partitioning in coacervate systems, partition coefficients, com- 
pared to chemical assay techniques 0 Microbiological determina- 
tion of partitioning-four antimicrobial agents, partition coefficient 
profiles, compared to chemical assay techniques 0 Partition coef- 
ficient profiles, four antimicrobial agents-microbiological deter- 
mination 0 Gelatin-acacia complex coacervate system-micro- 
biological determination of partition coefficient profiles for four 
antimicrobial agents 0 Drug partitioning-microbiological detu- 
mination, four antimicrobial agents in gelatin-acacia CoBcervate 
system, compared t o  chemical assay techniques 


Coacervate systems were introduced and described by 
Kruyt and Bundenberg de Jong in 1929 (1). Later, 
these systems were utilized as biological model systems 
by Oparin and coworkers (2-6) and other investigators 
(7-9). Several investigators (10-13) adapted complex 
coacervate systems to serve as biological model systems 
for the study of drug partitioning. The advantages of 
these systems over other types of models used for par- 
titioning studies of drug molecules are numerous. 
Coacervate systems have been reported to be the most 
suitable model for comparative studies with the biologi- 
cal system (14-16). These systems do not suffer from 
the simplistic shortcomings common to the lipid-like 
solvent systems such as octanol-water or chloroform- 
water when used as biomodels (12). Furthermore, 
partitioning studies with coacervate models do not 
necessitate the use of specially devised experimental 
membrane barriers. Investigation of drug partitioning 
by means of dialysis membranes introduces certain 
assumptions concerning the membrane and requires 
several corrections due to the adsorption of drug entities 
to the membrane. General freedom from these short- 
comings invites the coacervate systems to serve in- 
creasingly as models for biosystems in comparative drug 
partitioning studies. 


The similarity between the structure of water in the 
membraneless coacervate system and the biological 
system has been repeatedly recognized (2-9, 14-16). 
This affords additional incentive to utilize coacervate 
systems as models of biological barriers in the study of 
drug transfer. Judicious use of these systems may offer 


additional insight into processes of drug distribution in 
the body. 


Garrett and Miller (17) demonstrated the relationship 
existing between dilute drug solutions and microbial 
growth below their minimum inhibitory concentrations. 
Similar results were obtained by these workers (10, 11) 
using drug-treated complex coacervate systems. Hansch 
et al. (18) described equations which relate the partition 
coefficient of drugs with their biological activities. 
Javidan and Mrtek (1 1) developed equations whereby 
the partition coefficient of any drug could be calculated 
from its biological activity using microbiological 
systems. It seems desirable to measure the partition 
coefficient of drugs at various concentrations in co- 
acervate systems using biological parameters as the 
end-point because such assay procedures satisfy the 
prime requisite for the determination of the biologically 
active drug, rather than one or more functional groups 
on drug molecules which may have undergone altera- 
tions to bioinactive forms during the experiment itself. 


In this investigation, the partition coefficients of four 
antimicrobials were studied over an extended concentra- 
tion range using several organisms with various sensitivi- 
ties to each drug. Partition coefficients were calculated 
using the microbiological one-line method previously 
reported ( l l ) ,  and the results were compared with 
those obtained by traditional chemical assay techniques. 


EXPEfUMENTAL 


Orgpnisms and Culiwe Media-Tesr Organisms-Escherichia 
cdi B/r (ATCC 23227), Pseudomonas aeruginosa', and Staphy- 
lococcus aureusl were used as the test organisms. The general 
preparation of cultures and storage conditions were previously 
described (10). 


Culture Media-The following were used: 
1. Difco E. C. Medium*. Thirty-seven grams of the dried medium 


was rehydrated in 1 1. of cold distilled water and stirred at room 
temperature until a clear solution resulted. This solution was filtered 
through Millipore' filters (2 and 0.22 C )  to remove all cellular and 
particulate debris. Filtered media were distributed in batches of 
18 ml. among 125-1111. conical flasks and autoclaved at 15 Ib. of pres- 
sure (121 ") for 15 min. The pH of the sterilized medium was 6.98. 


2. Difco Brain Heart Infusion*. Thirty-seven grams of the d e  
hydrated material was dissolved in cold distilled water to make 1 1. 
The solution was boiled for 1 min. and stirred until it was clear. 
Then the hot solution was filtered and treated in the same manner 
as the E. C. medium. The infusion was freshly prepared each week 
and had a pH of 6.9. 


3. Defined Medium. The culture medium developed by Anton 
(19) was used to obtain a slow rate of growth for microorganisms 
that were not highly sensitive to the particular antibacterial being 


I Received from the Culture Collection, Department of Microbiology, 
* Difco Laboratories, Detroit, Mich. 
I Mlllipore Corp.. Bedford. Mass. 


University of Illinois College of Medicine, Chicago, Ill. 
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Table I-Quantities of Antimicrobials Used to Study Effect of Drug Concentration on Coacwation 


Antimicrobial 
Solution. r I n I11 - 


~~ 


17.5 15 7.5 3.75 1.4 7.0 3.5 1.2 0.6 0 
- 2.4 12 6 3 0 antimicrobial FCI 12 6 3 1.2 - 


stock solution CP 24 20 16 12 20 10 6 4  2 2 1.5 1 0.5 0 
addedtoeach BZCl 24 18 12 9 24 18 12 6 3 - - -  - 0  
system 


Micrograms PMN 12,000 %oo 4800 2400 1050 900 450 225 84 42 21 7.2 3.6 0 
1440 720 360 180 0 antimicrobial FCI 120,000 6OOO 3OOO 12,000 - - - - - 


in each system CP 9 o O 0 7 5 0 0 m 4 5 0 0  3OOo 1 5 0 0 9 0 0 6 0 0  3 0 0 2 4 0 1 8 0 1 2 0 6 0 0  
BZC~ 72,000 ~ ~ 0 0 0  3~,ooo 2000 23,920 19,440 12,960 6480 3240 - - - - 0  


- - - Milliliters PMN 20 16 8 4 


~ ~~~ 


0 See text for explanation of roman numerals. PMN = phenylrnercuric nitrate, FCI = furamolium chloride, CP = chloramphenicol, and BZCl = 
benzalkonium chloride. 


studied or when the concentration of antimicrobial agent was below 
the minimum inhibitory concentration. The medium was prepared 
by dissolving all components in cold distilled water, filtering through 
Millipore filters to remove debris, and autoclaving for 20 min. The 
pH was 6.9 and did not change throughout the study. 


4. Frazier's (20) medium, composed of 4x (w/v) each Bacto 
tryptone' and Soya agar4 and 0.5% (w/v) Bacto gelatin', was pre- 
pared by heating all components to  about 70" in distilled water 
while stirring continuously with a glass rod. After all the particulate 
matter was dispersed, the medium was autoclaved in a 500-ml. 
flask for 15 min. at 15 Ib. of pressure. After the flask had cooled to 
45", the medium was dispensed into sterile plastic Petri dishes under 
a microbiological hood equipped with a UV light. The solidified 
medium was used to determine if the organisms used in the study 
metabolized gelatin, an important component in the coacervate 
systems. 
Reagents-Drugs-Phenylmercuric nitrate, chloramphenicol 


USP, furazolium chloride', and benzalkonium chloride USP 
were the antimicrobial agents used in the drug partitioning studies. 


Biochemicds-The reagents used in the preparation of coacervate 
systems were described previously (10). 


Reagents /or Chemicol Anolysis-Chemicals required for the 
assay of phenylmercuric nitrate, according to the method of Gage, 
have been described (11). A mixture of hexanols-heptane' (4:l) 
and 0.1 N sodium hydroxidelo solutions were used in the assay of 
furazolium chloride. The assay for benzalkonium chloride required 
orange I P ,  which was used to form a salt with the drug. This was 
subsequently extracted into chloroformi1. Sodium carbonate10 
and sodium bicarbonate10 were used to prepare Delory and King's 
buffer solution. 
Preparation of Solutions-Phenyhercuric Nitrote Stock Soh- 


tions-Sixty milligrams of phenylrnercuric nitrate was placed in a 
sterile 1Wml. volumetric flask wrapped with aluminum foil. Sterile 
distilled water was the solvent. Dissolution of the drug was ac- 
complished at room temperature with the aid of a magnetic stirrer 
and a sterilized magnetic stirring bar which was placed in the flask. 
After dissolution was completed in 4 hr., the solution was filtered 
through a 0.22-p Millipore filter. This solution was labeled Phenyl- 
mercuric Nitrate Stock Solution I. Ten- and 1Wfold dilutions of this 
solution were prepared in sterile brown bottles using sterile distilled 
water and labeled Phenylmercuric Nitrate Stock Solutions I1 and 
111, respectively. All stock solutions were freshly prepared each 
week. The concentrations of phenylmercuric nitrate in the Phenyl- 
mercuric Nitrate Stock Solutions I, 11, and 111 were 600, 60, and 
6 mcg./ml., respectively. 


Fumzdium Chloride Stock Sdutions--By dissolving 1 g. 
furazolium chloride in 100-ml. sterile distilled water a t  room 
temperature, a stock solution labeled Furazolium Chloride 
Stock Solution I was prepared. The concentration of drug 
in this solution was 10 mg./ml. Diluting 3 ml. of this solution to 
100 ml. with sterile distilled water resulted in a solution labeled 
Furazolium Chloride Stock Solution 11. A third dilution was made 


4 Difco Laboratories. Detroit, Mich. 
6 Eastman Organic Chemicals, Rochester N. Y. 
6 Courtesy of Parke-Davis k Co.. Detroit. Mich. 
7 Courtesy of Norwich Pharmacal Co.. Norwich. N. Y. 
8 Lot No. SIO'IRC, Winthrop Laboratorip New York, N. Y. 
0 Lot No. 701-1 Eastman Organic Chemicals. 


10 Fisher Scientidc Co. 
11 Lot No. YHR. Mallinckrodt Chemical Works. 


by adding 80 ml. of sterile distilled water to 20 ml. Furazolium 
Chloride Stock Solution I1 and was labeled Furazolium Chloride 
Stock Solution 111. All solutions were filtered through 0.22-p Milli- 
pore filters and stored at room temperature in brown bottles until 
used or replenished in 2 weeks. The concentrations of furazolium 
chloride in Furazolium Chloride Stock Solutions I, 11, and 111 were 
10 mg./ml. and 300 and 60 mg./ml., respectively. 


Chlommphenicd Stock Sdutions-Chloramphcol stock solu- 
tions were fteshly prepared 0.5 hr. prior to use. Four solutions- 
375, 150, 120, and 60 mcg./ml.-were prepared separately by dilut- 
ing an accurately weighed amount of chloramphenicol in cold sterile 
distilled water. The solutions were labeled Chloramphenicol Stock 
Solutions I, 11, 111, and IV, respectively, and stored in the refrigera- 
tor until used. 


Benzolkonium Chloride Stock Sdutions-One and one-half 
milliliters of a 50% (w/v) solution of benzalkonium chloride was 
diluted to 250 ml. with sterile distilled water. The resulting solution 
contained 3 mg./ml. drug and was labeled Benzalkoniurn Chloride 
Stock Solution I. A second stock solution, prepared by appropriate 
dilution to contain 1080 mcg./ml. of the antimicrobial agent, was 
labeled Benzakonium Chloride Stock Solution 11. 
Reparation of Coacerpate S y s t e m s A  stock solution containing 


6% acacia and 5% gelatin was prepared according to the method 
described previously. This solution was labeled A-G Stock Solu- 
tion and was refrigerated until used. The method of preparation of 
the coacervate systems from A-G Stock Solution was identical to 
that described elsewhere (10). The concentration of gelatin in the 
A-G Stock Solution was increased to 5 % (w/v) from that described 
in an earlier paper to provide a maximum coacervate phase volume. 


Wect of Drug Concentration on Coacervption Volume-Into each 
of a series of 45-ml. graduated centrifuge tubes were placed seg 
arately the quantities of different antimicrobials indicated in Table 
I. Four milliliters of A-G Stock Solution was added. Tubes con- 
taining phenylmercuric nitrate were acidified with 1.5 ml. of 0.1 N 
HNOI to prevent precipitation of insoluble phenylmercuric chloride. 
All other drug-containing tubes were acidified with 1.5 ml. of 0.1 
N HCI. The volume of each tube was adjusted to 30 ml. by the ad- 
dition of sterile distilled water. Clouding of liquid indicated the 
formation of a coacervate phase. 


After the tubes were capped and secured with a rubberband, they 
were shaken horizontally in a reciprocating water bath at 37" for 
6 hr. to permit partitioning of the drug between the coacervate 
droplets and the equilibrium liquid. Then the capped tubes were 
stored undisturbed in a cabinet at 37" for 24 hr. to permit phase 
separation. The volume of the coacervate layer was recorded visually 
at the end of this period. The sequence of addition of the different 
components in the formation of the coacervate or the duration of 
the shaking period was altered from 0.5 to 6 hr. to study any pos- 
sible effect on the final volume of the coacervate phase. 


Utilization of Gelatin by Micr-Inocula from rapidly 
growing cultures of E. coli, S. aureus, and P. oeruginosa were 
streaked onto the surface of three replicate plates of a specially 
prepared solidified medium to test the utilization of gelatin by these 
organisms (20). The plates were covered, inverted, and incubated 
for 24 hr. a t  37". At the end of this time, the surface of each plate 
was flooded with about 2 ml. of 2% acidic solution of mercuric 
chloride. The difference in the intensity of the background color 
was compared with the color of the areas where the organisms had 
grown. This visual comparison represented the criterion for the 
determination of gelatin utilization by the microorganisms (20). 
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Tabk II-Determination of Possible Inactivation of Antimicrobials in C a r n a t i o n  Process 


Furazolium C h I o n W  Phenylmercuric Nitra- 
Micrograms 180 360 800 900 2400 7200 
added to 
each 


A A A A A 
B B' B B B B 


Group system A 


Redicate 1 
RI-values 84.5 29.6 8.2 94.2 51.4 7.3 


84.1 31 .O 7.5 93.7 49.9 7.4 
Replicate 2 


84.0 30.6 8.7 94.3 51.7 7.0 
85.0 31.1 8.5 94.1 51 .O 8.5 


Replrcate 3 
86.5 30.0 8.6 94.1 51.2 7.0 


84.3 31.5 8.3 94.0 50.9 8.1 
AvemgeRI 85.0 30.34 8.5 94.2 51 .5 7.1 


84.6 31.2 8.1 93.9 50.6 8.0 
h) as? n.s. n.s. n.s. n.s. n.s. 


0.493 1.353 0.676 1.304 1.368 1.544 


A h l o r a m p h e n i c o l  . Benzalkonium C h l o r i d y  
Micrograms 240 480 960 10,OOo w o o  30,OOo 


added to 
each 


Group A A A A A A 
B B B B B B 


RIvalues 78.9 43.2 
81.2 


80.9 44.9 
81 .O 


80.2 43.9 
80.8 


Average RI 80.0 44.0 
81 .O 


r ( ( )  n.s. n.s. 
0.967 


Replicate 1 
16.1 


45.5 15.0 
Replicate 2 


15.7 
45 .O 15.1 


Replicate 3 
16.2 


44.8 15.3 
16.0 


45.1 15.2 
.c 


1.186 2.853 


72.0 
73.1 


71.2 
72.9 


73.1 
73.3 


72.2 


n.s. 
73.1 


0.923 


42.7 
44.5 


43.1 
44.6 


43.2 
42.9 


43.0 


n.s. 
44.0 


1.010 


13.6 
13.6 


14.3 
13.7 


14.1 
13.5 


14.0 


n.s. 
13.6 


1.631 


0 RI .. reproductive index. b n.s. = nonsignificant. e * = significant at the 5 %  levd. 


Test for Drug Inactivation during Coaceroation Pmcess-hto 
26 15-ml. graduated cylinders, 2 ml. of A-G Stock Solution and 
3 ml. of sterile filtered normal saline were added. Then the cylinders 
were divided into two groups: A and B. Each cylinder in Group A 
received 0.8 ml. of 0.1 N HNOI solution and then the antimicrobial 
agents were added to the cylinder according to the protocol in 
Table 11. The volume of all cylinders was brought to 15 ml. by the 
addition of sterile distilled water. After mixing, a clear solution was 
obtained. Coacervation was prevented in the acidified cylinders 


Table III-Components Used to Study Partitioning of 
Antimicrobials in Gelatin-Acacia Complex Coacervates 


~~ 


Anti- 
A-G bac- 
Stock 0.1 N tenal Abbre- Co- 
Soh- HNO, SO~U- Sterile viation acer- 
tion, or HCI, tion. Distilled of vate, 


Tube ml. ml. rnl. Water, ml. System" ml. 


A 4  1.5 0 24.5 CO 2 
B 4 1.5 nb a.s. 30 C* 2 
c 4 0  0 26 NO 0 
D 4  0 nb q.s. 30 Nt 0 


0 Co - macervate system, no drug; C+ - coacervate system with 
drug; NO - noncoacervate system, no drug; and N = noncoacervate 
s stem with drug. b n refers to milliliters antimicrobh shown in Tables 
It-XII. (Only one concentration of drug was used in each experiment.) 


(Group A) by addition of sodium chloride [the concentration of 
sodium chloride in each system was 0.18 (wlv)]. One milliliter of 
solution from each cylinder was transferred to each of three replicate 
tubes containing rapidly growing cultures of E. cd i  B/r, which had 
been inoculated 90 min. previous to the addition of the drugs. 
Total organism counts were made 4.5 hr. after the antimicrobials 
were introduced to each culture. 
hug Partitioning ia Complex Coacerrpte Systenre-In each 


experiment, four 45-1111. centrifuge tubes were designated as A, B, 
C, and D. Tubes A and B were used to prepare coacervate systems; 
noncoacervate systems were prepared in C and D. The amounts of 
different components pipeted into each tube are shown in Tables 
111-XII. From previously conducted tests, the specific sequence of 
addition of components was determined to be immaterial. Each 
of the four tubes was glass stoppered; the stopper was secured to the 
neck of the tube by means of rubberbands. The system was placed 
in a reciprocating water bath shaker for 6 hr. as previously d o  
scribed. During this period the partitioning of the drugs was com- 
pleted. Then the tubes were removed and stored undisturbed at  37" 
to allow the phases to separate. 


Growth Conditions-The techniques of preparing, storing, and 
subculturing the organisms, the methods of obtaining viable 
counts and total counts, and the procedures to assess the coin- 
cidence of these counts were described in detail elsewhere (10). 


Chemical Meammnent of Partition CaelUciemts-Phenylmercuric 
Nitrate-The assay procedure used for this compound was the 
same as used by Gage (21) in determining trace amounts of phenyl- 
mercuric salts in biological materials. The method involves the 
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Table IV-Partition Coefficient of Phenylmercuric Nitrate (PMN) in Gelatin-Acacia Complex Coacervate Systems Determined by 
Partial Inhibition in the Growth of S. aureus and by Chemical Method 


Partition Partition 
PMN Coefficient Coefficient 


Solution -PMN (mcg.) Resent in- -Reproductive Index of- a Value Calculated Calculated 
Added to 1 ml. Non- Noncoacervate System (R&) Coacervate Calculated from from 


Each coacervate Colony System from Graph, Microbiolog- Chemical 
System, mi. Each System System Count Totalcount (m) mcg. icalMethod Assay 


0.6 
0.8 
1 .o 
1.2 
1.4 
1.6 
1.8 
3.5 
7.0 


1.4 
2.1 
3.75 
7.5 
15.0 
17.5 
0 


6 mw/+ 
3.6 0.12 98.5 99.2 
4.8 0.16 98.1 99.0 
6.0 0.2 97.3 98.1 
7.2 0.24 97.0 97.8 
8.4 0.28 %. 1 97.2 
9.6 0.32 95.0 %.76 
10.8 0.36 96.0 96: 5 
21 0.7 93.8 94.4 
42 1.4 92.0 83.1 


60 mb/d. 
84 2 .8  73.0 m.2 - .  .. .. . . .- 


1 26 4.2 50.2 55.15 
225 7.5 40.4 41 .O 
450 1.5 23.0 24.1 
9Qo 3.0 2.0 4.0 
1050 3.5 0 1.8 
0 0 100 100 


99.7 0.03 46 40.86 
99.54 0.04 46 41.5 
99.47 0.05 46 41.2 
99.30 0.062 44.1 40. ii 
99.07 0.098 36.59 39.23 
98.92 0.10 34.00 40.30 
99.75 0.12 31 .OO 36.71 
97.7 0.23 30.8 32.39 
95.72 0.48 29.7 30.47 


87.5 1.02 27.2 28.1 
80.2 1.64 24.5 24.90 
63.2 3.12 22.1 22.63 
28.1 ' 7.63 15.5 14.91 
7.2 16.9 12.6 12.26 
4.9 21.8 10.5 10.0 - - 100 0 


Table V-Partition Coefficient of Phenylmercuric Nitrate (PMN) in Gelatin-Acacia Complex Coacervate Systems Determined by 
Partial Inhibition in the Growth of E. cd i  B/r and by Chemical Method 


PMN (600 Partition Partition 
mcg./ml.) Coefficient Coefficient 


Stock Solu- -PMN (mcg.) Present in- -Reproductive Index of- a Value Calculated Calculated 
tion Added 1 ml. Non- Noncoacervate System (RI,) Coacervate Calculated from from 


to Each coacervate Colony System from Graph, Microbiolog- Chemical 
System, ml. Each System System Count Total Count (We) mcg. icalMethod Assay 


1.25 7% 25 82.1 84.51 88.5 13.84 13.1 13.39 
1.5 900 30 77.0 76.1 86.2 16.95 12.55 12.67 
2 1200 40 69.1 68.2 79.3 25.4 9.61 9.7 
2.5 1500 50 64.3 65.1 75. 32.3 9.22 9.10 
3.0 1800 60 57.2 56.4 69.91 39.65 8.70 8.89 
3.5 2100 70 48.6 49.7 64.7 47.72 8.0 8.30 
4 2400 80 45.0 47.1 60.7 55.5 7.6 8.0 
8 4800 160 19.8 20.5 33.7 114.8 6.9 6.51 
12 7200 240 8.6 9.2 19.2 175.1 6.59 5.92 
15 9300 310 5.0 6.2 12.3 220.3 5.37 5.11 
16 9600 320 2.0 3.05 9.02 252.6 5.01 4.62 
16.6 9900 330 0 3.01 8.3 260.6 5.00 4.89 


6.7 279.11 5.00 4.87 17.5 10.500 350 0 3.0 
0 0 0 100 100 100 0 - - 


oxidation of phenylmercuric nitrate with acidic perrnanganate and 
the subsequent titration of the mercury with dithizone solutions. 
The steps were described previously (1 1). 


Furazdium Chloride-One milliliter of the equilibrium liquid 
from coacervate systems contairung furazolium chloride was trans- 
ferred to a 15-ml. centrifuge tube and made alkaline by the addition 
of 2 ml. of 0.1 N sodium hydroxide solution. The pH was 11.7. 
Seven milliliters of a hexanol-heptane mixture (4: 1) was added to 
the tube, and the drug was extracted into the organic phase by 
shaking the tube for 1 min. The phases were separated by cen- 
trifugation at 1200Xg for 10 min. Three milliliters of the. upper 
layer (solvent mixture) was removed, and the absorbance was 
determined at 420 nm. One milliliter of equilibrium liquid from the. 
cOBcervate system containing no drug was treated in the same way 
and served as a zero blank. A standard curve was constructed by 
plotting the absorbance at 420 nm. against accurately known 
amounts of drug present in standard aliquots. A least-squares 
regression line was fitted to the data, using the regression of X 
(mcg. furazolium chloride) on Y (absorbance). The amount of drug 
in the unknown sample was determined by calculation from the 
standard curve X = 0.21 Y. 


Chloramphenicd-The chemical assay of chloramphenicol was 
performed using a method desaibed in the FDA monographs (22). 
One milliliter of the eqbilibrium liquid was placed directly in a 1- 


cm. quartz cell and the absorbance was determined in a D B G  
spectrophotometer at 278 nm. Aliquots of the equilibrium liquid 
containing no drug were used as the zero blank. An aqueous solu- 
tion containing 20 mcg./ml. chloramphenicol was used as the stan- 
dard solution. Standards were freshly prepared for each experiment. 


Benzalkonium Chloride-The method described by Scott (23) 
was adopted for this assay. 


1. Preparation of solutions. One-wf gram of orange 11 was dis- 
solved at room temperature in distilled water to make 1 1. This solu- 
tion was protected from light. Delory-King's carbonatebicarbonate 
buffer was prepared by dissolving 170 mg. of exsiccated sodium 
carbonate and 1.746 g. of sodium bicarbonate in sufficient distilled 
water to make 100 ml. of a buffer solution with a pH of 9.2 a t  23" 
(24). A reference solution containing 170 mcg./ml. of bermkonium 
chloride in distilled water was prepared from a concentrate. 
2. Calibration of reference solution. Five aliquots of 1, 2, 3, 4, 


and 5 ml. each of benzalkonium chloride reference solution, con- 
taining. 170, 340, 510, 680, and 850 mcg., respectively, of the anti- 
microbial were transferred to each of five 125-ml. separators. To 
each separator was added 1 ml. of 95% ethanol, 5 ml. of Delmy- 
King's buffer, 3 ml. of orange I1 solution, and 12 ml. of chloroform. 
Water was added to bring the aqueous volume to approximately 35 
ml. Each separator was shaken vigorously for 5 min. Then the lower 
chloroform layer was collected in a S m l .  volumetric flask. Three 
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Table VI-Partition Coefficient of Furazolium Chloride (FCI) in Gelatin-Acacia Complex Coacervate Systems Determined by 
Partial Inhibition in the Growth of E. cd i  B/r and by Chemical Method 


~~ ~~ 


Partition 
Coe&ient 
Calculated 


from 
Microbiolog- 
ical Method 


FCI (600 
mcg./ml.) 


tion Added 
to  Each 


System, ml. 


Stock Solu- 


Partition 
Coefficient 
Calculated 


from 
Chemical 


A m y  


2.11 
2.53 
2.99 
3.67 
4.00 
8.93 


13.12 
16.93 
20.12 


a Value 
Calculated 


from Graph, 
mcg. 


-FCI (mcg.) Present in- ---- Reproductive Index of 
1 ml. Non- Noncoacervate System ( R f , )  
coacervate Colony System 


Coacervate 


Each System System Count Total Count ( Rle) 


60 2 88.1 90.0 81.2 
90 3 76.2 75.5 73.7 


120 4 64.3 65.2 66.9 
5 54.2 55.1 61.3 


1.76 
2.61 
3.39 
4.16 
4.9 
5.05 
5.4 
5.8 
6.0 


3.00 
3.22 
3.71 
4.01 


1 
1.5 
2 
2.5 
3.0 
4.0 
5.0 
6.0 


...- 
4.36 
9.76 


13.7f 
17.00 
21 .OO 7.0 . .. 


8.0 
9.0 


10 


16 i7.0 
11.4 
8.6 
7.0 


17.1 
12.0 
9.05 
7.80 
6.0 
5.02 


44.7 6.7 21.02 22.1 ._ 


18 
20 
22 


. .. . 
39.6 
32.8 
28.3 


~ . .  -_ . _- 
1.87 20.30 22.00 
9.34 18.10 18.61 


10.6 17.12 17.2 
12.33 15.20 16.0 


540 
600 
660 
720 
780 
840 
900 
960 


1020 
1080 


11 
12 24 


26 
5.4 23.0 


19.21 
15.2 


-~ 
13 
14 
15 
16 
17 


4.0 
3.0 
1.5 
0 
0 
0 


13.83 14.21 13.81 ~~ 


28 
30 
32 
34 
36 


3.5- 


,2.05 


2.71 
2.2 


2.00 


15.85 
18.34 
20.48 
22.7 
24.5 


12. so 12.11 
10.50 11.01 
9.1 9.00 
8.50 8.3 
8.01 8 .OO 


-~ .~ 


11.25 
8.8 
6.72 


18 5.41 


Table VII-Partition Coefficient of Furazolium Chloride (FCI) in Gelatin-Acacia Complex Coacervate Systems Determined by 
Partial Inhibition in the Growth of S. aureus and by Chemical Method 


~~ ~ ~~~ ~ ~~ 


FCI (300 
mcg./ml.) 


Stock Parti tion Partition 
Solution Coefficient Coefkient 
Added to -FCI (mcg.) Present in- --- Reproductive Index of a Value Calculated Calculated 


Each I ml. Non- Noncoacervate System (RI") Coacervate Calculated from from 
System, coacervate Colony System from Graph, Microbiolog- Chemical 


ml. EachSystem System Count Total Count m g .  ical Method AMY 


1 300 
600 
900 


1200 
1800 
2400 
3ooo 
3600 
3900 
4200 


0 


10 88.9 90.3 
73.2 
57.1 
45.0 
34.8 
m.0 


5.26 
9.31 


18.3 
27.79 
44.73 
63.22 


13.8 14.09 
17.62 
12.31 
8.01 
6.98 
5.10 
4.00 
3.73 
3.25 
3.11 - 


20 
30 
40 
60 


75.1 
55.3 
44.8 
32.6 


ia. 12 
10.6 
7.59 
6.12 
4.98 


i i . 2  
54.1 
43.7 
30.03 80 


100 
120 
130 
140 


0 


18.9 
13.7 
10.0 
4.0 
1.5 


100 


10 14.6 
10.63 
4.9 
4.1 


100 


21.3 82,42 
100.45 
110.73 


0 
- 


4.20 
3.92 
3.61 


~~ 


12 
13 
14 
0 


~~ 


15.02 
14.71 
5.0 


100 


Table VIII-Partition Coefficient of Furazolium Chloride (FCI) in Gelatin-Acacia Complex Coacervate Systems Determined by 
Partial Inhibition in the Growth of P. oeruginosa and by Chemical Method 


FCI (10,000 Partition Partition 
mcg./ml.) Coefficient Coefficient 


Stock Soh- -FCl (mcg.) Present in- -Reproductive Index of- a Value Ca!culated Calculated 
tion Added 1 ml. Non- Noncoacervate System (RI.) Coacervate Calculated from from . -, 


to Each coacervate Colony System from Graph, Microbiolog- Chemical 
System, ml. Each System System Count Total Count (fa) mcg. ica! Method Assay 


0.3 
0 .6  
1.2 


3ooo 100 96.1 95.5 92.1 82.6 4.16 4.00 
6Ooo 200 93.2 94.8 89.8 175.95 3.05 3.12 


12.000 3a l  79.0 78.7 76.2 354.8 2.91 2.78 
1.5 15;OOO m 69.8 70.8 71.1 450. I 2.63 2.75 
3 30.000 1000 44.0 45.2 50.05 914.6 2.4 2.25 
6 
9 


60;000 %a! 23.9 25.0 25.0 1840.5 2.31 2.13 


5.0 5.10 6.3 36w.O 2.28 2.03 
- I .99 


90,000 Moo 9.1 9.6 12.d 2764.1 2.28 2.10 
120,000 4ooo 
150,ooO 5ooo 1.5 2.4 3.7 - 


12 
15 
18 
21 


- 2.00 
- 2.07 


- 180,OOO m 0 2.2 3.2 
210,000 7000 0 2.02 3.2 - 


- - 0 0 100 100 100 0 0 
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Table IX-Partition Coefficient of Chloramphenikl (CP) in Gelatin-Acacia Complex Coaccrvate Systems Determined by Partial 
Inhibition in the Growth of E. cd i  B/r and by Chemical Method 


5 46.0 - 
K 
2 44.1 - 


25 34.0- 


3 29.7 


02s 22.1 - 


2: 


5: 36.6 - 
31.0 


27.2 - 
om- 24.5 - 
Znz 
PW 15.5 - 


12.6 - g2 10.5 - 


a 


Partition Partition 
Coefficient C&cient 


CP Solution 4 P  (mg.) Present in- Reproductive Index of . aValue Calculated Calculated 
Added to 1 ml. Non- Noncoacervate System (RI.) Coacervate Calculated from from 


Each coacervate Colony System from Graph, Microbiolog- Chemical 
System, ml. Each System System Count Total Count (Rid w. icalMethod Assay 


0 
2 
2.5 
3.0 
3.5 
4 
5 
6 
7 
8 
9 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
24 


12.5 
13 
13.5 
14.0 
14.5 
15.0 
15.5 
16.0 
16.5 
17 
17.5 
20 
25 


0 
120 
150 
180 
210 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 


1020 
1080 
1140 
1200 
1 260 
1320 
1440 


1500 
1560 
1620 
1680 
1740 
1800 
1860 
1920 
1980 
2040 
2100 
2400 
3ooo 


0 
4 
5 
6 
7 
8 


10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 
36 
38 
40 
42 
44 
48 


50 
52 
54 
56 
58 
60 
62 
64 
66 
68 


80 
100 


m 


100 
91.2 
76.9 
77.3 
67.1 
63.1 
52.4 
44.0 
38.6 
28.9 
28.6 
23.6 
22.5 
20.0 
14.3 
13.1 
10.0 
9.5 
9.14 
7.81 
6.6 
6.0 
5 .  
3.77 
2 


2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


60 =l&/ml. 


78.2 
75.1 
66.0 
60.1 
53.0 
41.3 
40.0 
30.2 
27.1 
26.2 
23.9 
19.1 
15.1 
14.3 
10.6 
10.01 
9.08 
8.1 
6.6 
6.07 
4.92 
4.00 
3.42 


2.9 
2.0 
1.5 
1.5 
1.49 


%.9 


120 mcg./ml. 


1.5 
1.52 
1.51 
1.5 
1.52 
1.51 
1.51 
1.5 


100 
75.1 
70.2 
64.0 
59.7 
53.1 
48.0 
40.0 
35.7 
31.2 
27.2 
24.0 
21.5 
18.75 
18.00 
16.1 
14.1 
13.65 
12.2 
11.9 
11.52 
11.48 
11.41 
11.07 
9.72 


9.6 
9.25 
9.11 
8.91 
8.45 
8.31 
7.7 
7.18 
6.72 
6.21 
6.01 
5.4 
4.37 


0 
4.27 
5.34 
6.40 
7.43 
8.41 


10.4 
12.5 
14.47 
16.50 
18.4 
20.1 
21.7 
23.07 
24.22 
25.77 
26.9 
28.3 
29.5 
30.0 
30.3 
30.6 
30.7 
31.1 
32.7 


33 
33.5 
33.75 
34.13 
34.83 
35.52 
36.24 
37.18 
38.00 
38.9 
39.5 
41.2 
49.1 


- 
0.04 
0.04 
0.07 
0.1 
0.21 
0.3 
0.45 
0.5 
0.57 
0.62 
0.91 
1.2 
1.61 
2.1 
2.3 
2.71 
3.1 
3.31 
4.0 
4.82 
5.61 
6.52 
7.2 
8.0 


8.7 
9.25 


10.0 
10.61 
10.98 
11.34 
11.66 
11.82 
12.05 
12.22 
12.58 
15.13 
16.51 


- 
0.07 
0.069 
0.08 
0.05 
0.09 
0.13 
0.25 
0.36 
0.41 
0.53 
0.72 
0.93 
1.26 
1.59 
1.87 
2.34 
3.00 
3.42 
3.95 
4.72 
5.27 
5.98 
7.00 
8.22 


8.80 
9.11 


10.40 
10.67 
11.02 
11.43 
11.71 
11.80 
12.30 
12.45 
12.61 
14.99 
16.42 


successive chloroform extractions were made from each separator us- 
ing additional 12-ml. aliquots. The volumetric W s  were brought to 
volume with chloroform, and the absorbance was determined at 485 
nm. with chloroform as the blank. The absorbance of the reference 
solutions was plotted against the amount of drug in each aliquot. A 
least-squares regression line was drawn, which served as a standard 
curve for the determination of the amount of benzalkonium chloride 
in aliquots withdrawn from cqacervate systems. 


3. Determination of benzalkonium chloride in coacervate sys- 
tems. Twenty milliliters of equilibrium liquid was transferred to a 
125-ml. separator and treated exactly as already described. Thi: ab- 
sorbance was determined at 485 nm. Chloroform extractions from 
an aliquot withdrawn from a coacervate system containing no drug 
were used as a blank. 


RESULTS AND DISCUSSION 


!Meetion of %Three criteria were observed in the selection 
of drugs for inclusion in these studies. 


Aqueous Solubility-The concentration of the drug in  the co- 
acervate system was increased under conditions of the experiment 
until the partition coefficient became relatively independent of the 
amount of drug in the system (Figs. 14).  According to experimental 
constraints imposed by the model system, the maximum aqueous 
solution volume that could be added to each system was 24.5 ml. or 
6.375 times the volume of the A-b Stock Solution (Table 111). Be- 
cause of this limitation, the concentration of the drug stock solu- 
tions and, therefore, the aqueous solubility of the drug itself must be 


such that the maximum amount of drug required for a microbiologi- 
cal end-point could be achieved within the allowable volumes that 
might be added to the coacervate systems. The limitation is of prao 
tical consideration only for fairly insoluble drugs. Of course, the 
addition of cosolvents and surfactants or any other changes in the 
physical conditions might have resulted in a more concentrated drug 


3.6 6.0 10.8 21 42 84 126 225 1200 2400 9600 
1.2 900 1500 7200 


PHENYLMERCURIC NITRATE IN COACERVATE SYSTEM, mcg. 


Figuie 1-Partitioning of phenylmercuric nitmte in gelatin-ocacia 
complex coacervate system at 37'. Key: a. determined by S .  aureus; 
ando, determined by E .  cob Blr. 
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Tnbk X-Partition CoefWemt of ChlorampheniCol (CP) in Gelatin-Acacia Complex Coacavate Systems Detarmned * by Partial 
Inhibition in the G~owth of S. uureus and by Chemical Method 
~~ 


Partitioq Partition 
CoeWcient coefficient 


CP Solution 4 P  (mcg.) Present in- - Reproductive Index of - aValue Calculated Calculated 
Added to 1 ml. Non- Noncoacenrete System (RIA Coacervate Calculated from from 


Each coacervate Colony System from Graph, Microbiolog- Chemical 
system, ml. Each System System Count Total Count (RIA mcg. icalMethod Assay 


0 
2 
3 


0 
300 
450 
600 
750 
900 


1050 
lz00 
1350 
1Mo 
2250 


n 100 
92.1 
82.9 
72.6 


100 
86.1 
79.6 
75 


- 
0.61 
0.81 


10 
15 
20 


10.3 
15.3 


23.7 
m.0 


0.56 
0.70 


95.1 
85.2 
74.8 4 


5 
6 
7 
8 
9 
10 
15 


1 .o 1.10 
1.72 
2.43 
3.25 
5.67 
7.39 
8.78 
15.10 


25 
30 
35 
40 
45 


70.1 69.9 
64.7 


72.3 1.8 
2.39 
3.7 
5.7 
7.5 


65;2 
65 .O 
30.5 
44.02 
62.0 


27.8 
29.66 
30.5 
31.4 
33.0 


63.8 
62.9 
50.8 
47.9 
45.0 


63.02 
64.5 
48.3 
45.2 
39.1 


50 
75 


8.7 
14.0 37.3 55.7 40.2 


375 nlcg./nrl. 
29.6 
13.0 
9.2 
6.1 


52.2 
46.0 


8 
10 
12 
14 


100 
125 
150 
175 
200 


28.2 
13.9 
9.6 
7.0 
6.45 


44.1 20.1 20.71 
22.01 
22.11 
22.00 
22.00 


53: 37 
63.38 
73.73 


21 .o 
21.5 
21.6 


39.6 
34.2 
28.8 16 6ooo 


6750 
4 
2 


84 
94.01 
104.45 
188.3 
205.4 


21.7 
21.9 18 


20 
22 
24 


225 
250 
275 
300 


3.65 25.0 
21.7 
6.7 
4.9 


22.01 
22.07 
22.04 
22.00 


1.2 
0 
0 


2.31 
2.21 
2.00 


Zi .9 
21 . p  
21.9 


Table XI-Partition Coeffici&t of Benzalkonium Chloride (BZCI) in Gelatin-Acacia Complex Coacervate Systems Determined by 
Partial Inhibition in the Growth of S. aureus and by Chemical Method 


BZCl 
(1080 


me./ml.) 
st+ Partition Partition 


Solution Coefficient CoeJIkient 
Added to -BZCI (mcg.) Present in- Reproductive Index of . u Value Calculated Calculated 


Each 1 ml. Non- Noncoacervate System (I&) Coacervate Calculated from from 
system, coacervate Colony System from Graph, Microbiolog- Chemical 


ml. Each System System Count TotalCount (RIA mcg. icalMethod Assay 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 


2160 
3240 


72 
108 
144 
180 
216 
252 
288 
324 
360 
396 
432 
468 
504 
540 
576 
612 
648 
684 
720 
736 
792 
828 
864 


0 


74.1 
60.2 
47.8 
40.3 
35.0 
33.3 
23.0 
20.0 
19.1 
15.4 
12.1 
10.1 
8.0 
5.1 
4.0 
2.0 
2.0 


75.8 
61 .O 
49.2 
41 .O 
34.3 
33.1 


94.71 
91.23 
88.62 
84.21 
80.0 
77.23 
73.3 


12.50 
19.12 
27.21 
35.3 
43.5 
51.20 


72.36 
70.72 
65.30 
62.52 
60.42 


70.23 
69.12 


4320 
5400 
6480 
7560 


62.31 
60.03 
57.13 


59.83 
8640 
9720 


10,800 
11,880 
12,960 
14,040 
15,120 
16,200 
17,280 
18,360 
19,440 
20,520 
21,600 
22,680 
23,760 


0 
2% 


23.2 
20.0 
19.98 
15.5 
12.0 
10.2 
8.01 
6.3 
6.0 
4.8 
3.91 
3.72 
3.5 
3.4 
3.4 
3.4 
3.4 


100 


59.9 58.12 
57.01 
55.61 
54.27 


~ .~ 


71 .O  
68.3 
65.2 
58.51 
54.43 


~. .~ 


68.4 
77.6 
87.00 


.. . - ~  


56.81 
54.92 
54.00 
52.36 101.1 50.09 


42.02 125.3 
154.3 


44.00 
36.20 
30.10 
27 .W 
21.36 
18.00 
16.80 
15.10 
13.13 
11.96 
11.12 
9.00 - 


46.44 
38.62 
33.81 
26.50 
22.53 
18.26 
15.25 
12.40 
10.08 
8.61 
6.5 


3i.99 
28.06 
25.5 
20.0 


is 
16 
17 
18 
19 
20 
21 
22 
23 
24 


_ _  
192.6 
218.7 
270 
301.8 
342.0 
377.6 
420.0 
455.1 
494.8 
549.1 


0 


18.2 
16.0 
14.6 
13.0 
12.1 
11.2 
9.6 - 


1.03 
1 .o 
0 
0 
0 
0 


100 0 00 


stock solution, but these factors will, in turn, affect the partitioning 
characteristics of the drug entities as well as the coacervate system 
itself. 


Srabdtry-The pH of maaxvation was near 3.67, and all coacer- 
vate systems were maintained at 37" for 24 hr. to ensure the attain- 
ment of partitioning equilibrium and the complete separation and 
coalescence of the coacervate phase droplets. These conditions may 
in themselves cause physical or chemical decomposition of certain 


drugs such as penicillin. Therefore, the drugs selected for examina- 
tion in this study were chosen on the basis of chemical and physical 
stability as well as maintenance of full biological activity under the 
experimental conditions. 


Antlmfcrobial Spectrum-Since a major objective of this investi- 
gation was to examine the partitioning.characteristics of drugs in 
coacervate systems from their lowet measurable concentrations to  
relatively large amounts where the partitioning behavior in coacer- 
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Table =-Partition Cwfficient of Benzalkonium Chloride (BZCI) in Gelatin-Acacia Complex Coacervate Systems Determined by 
Partial Inhibition in the Growth of P. aeruginosu and by Chemical Method 


BZCl 
(rn 


mcg./ml.) 
Stock Partition Partition 


Solution Coeffcient C d c i e n t  
Added to -BZCl (mcg.) Present in- -- Reproductive Index of . a Value Calculated Calculated 


Each 1 ml. Non- Noncoacervate System (RI.) Coacervate Calculated from from 
system, coacervate Colony System from Graph, Microbiolog- Chemical 


ml. Each System System Count Total Count (RI.) mcg. icalMethod Assay 


3 
4 
5 
6 
8 


10 
12 
14 
16 


9ooo 300 79.3 81.2 91.1 62.0 58.62 5 7 . 5  
12,000 400 71.4 70.9 90.05 86.2 55.13 55.00 
15.000 500 4 6 . 8  48.4 86.21 118 .O 49.51 50.11 
18:000 600 45.0 4 6 . 1  68.8 256.1 21.14 


48:000 1600 10.0 10.6 14.92 1318.7 4 . 2  4.06 
1800 9 . 0  9.03 i i  .o- i49i .7  4 . i  4.09 


5.52 9.11 1657.4 4.1 4.01 
4.76 7 . 2  1823.1 4.1 4.05 
4 . 0  5 .6  1988.8 4.1 4 . 1  - - 0 0 0 100 100 100 0 


vates became independent of amount, drugs were selected that 
offered a wide spectrum of microbiological activity against common 
organisms such as E. cdi ,  S .  aureus, and P.  aeruginosa. 


On the basis of these criteria, phenylmercuric nitrate, furazolium 
chloride, chloramphenicol, and benzalkonium chloride were in- 
cluded in this study. 


meet of Drug ConcentratAon on Coacervpte Vdume-The volume 
of the coacervate phase was used as a sensitive and reliable indicator 
of the effects of different factors on the coacervate process itself. 
Factors such as heat, acids, and sterilization were described pre- 
viously (10). To design a reproducible model system for the drug 
partitioning studies reported here, the effect of various drug con- 
centrations was examined to determine the extent to which the co- 
acervation process itself was altered by the presence of the antimi- 
crobial agent. When different amounts of phenylmercuric nitrate, 
furazolium chloride, chloramphenicol, and benzalkoniurn chloride 
were added to coacervating systems, no differences were observed 
in the volume of the coacervate phase (Table I). The ratio of the 
volume of the coacervate phase to the volume of the A-G Stock 
Solution used was consistently 1 : 2. These observations suggest that 
the presence of drug in the coacervate system and the partitioning of 
antimicrobials under the experimental conditions had no measurable 
effect on the volume of the coacervate layer. Water structure has 
been postulated as being, in part, a function of the coacervation 
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FURAZOLIUM CHLORIDE IN COACERVATE SYSTEM, mcg. 


Figus 2-Partitioning of furazdium chloride in gelatin-acacia com- 
plex coaceroate system. Key: a, determined by E. coli Blr; 0, deter- 
mined by s. aureus; A, determined by P. aauginosa; and -, 
derivative ofpartitioning curve. 


process itself. Since the volume of the coacervate layer is highly de- 
pendent upon the extent and type of water structuring, it is con- 
cluded that the coacervation process in the presence of drugs is 
similar if not identical to the process in the absence of drugs since no 
measurable change in phase volume occurred. It was shown under a 
variety of conditions employed in the formation of coacervates that 
the sequence of addition of the different components, as well as the 
length of the shaking period t o  produce a fine dispersion of coam- 
vate droplets during the drug partitioning experiments, had no effect 
on the volume of the coalesced coacervate phase. 


The addition of phenylmercuric nitrate at concentrations above 
320 rncg./ml. caused the- temporary formation of a coacervate layer 
when the drug solution was added to the A-G Stock Solution in the 
absence of acid. The coacervate phase disappeared when the system 
was mixed. On the other hand, the addition of tetracycline hydrw 
chloride in concentrations above 2 mcg./ml. to the A-G Stock !Mu- 
tion formed permanent coacervate phases which did not disappear 
on shaking. This indicates that tetracycline hydrochloride sufficiently 
reduced the pH of the system (to 3.4) to initiate formation of co- 
acervate droplets. This factor alone may explain, at least in part, the 
decreased absorption of tetracycline from oral dosage forms when 
i*,gested in the presence of considerable dietary or milk proteins. 
The stomach contents acidify the system sufficiently to suppress 
coacervation; but when the drug-protein m p l e x  is passed into the 
less acidic portions of the smal l  intestine, the pH rises sufficiently to 
form coacervation droplets at a pH that is slightly below the iso- 
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CHLORAMPHENICOL IN 1 ml. NONCOACERVATE SYSTEM, mcg. 


F i g m  SPartitioning of chloramphenicd in gelatin-acacia com- 
plex cmeroate system. Key: 0,  determined by E. coli B/r; 0, de- 
termined by S .  aureus; and-, derivative ofpartitioning curve. 
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BENZALKONIUM CHLORIDE IN COACERVATE SYSTEM, rncg. 


Figure &Partitioning of benzdkonium chloride in gelatin-acacia 
complex coaceruate system. Key: 0, determined by S .  aureus; 0, 
determined by P. aeruginosa; and -, derivatioe of partitioning 
curw. 


electric point of the dietary proteins. This may provide an additional 
mechanism to explain the decreased availability of such drugs when 
coadministered with dietary proteins. 


Utilization of Gelatin by M i w T h e  concentration of 
gelatin in the equilibrium liquids of coacervate systems is consider- 
ably less than in the noncoacervate system, since up to  99% of the 
colloidal solute of the coacervate system remains in the coecervate 
phase itself. For this reason, it was important to ascertain whether 
the growth of the test organisms was directly affected by the differ- 
ence in the concentrations of gelatin that might be transferred to the 
incubation tubes along with the antimicrobia1agent.Thebackground 
of all plates inoculated with test organisms turned clear upon the 
addition of mercuric chloride solution. The mnes containing colo- 
nies were turbid with a yellow color. Had the organisms utilized 
gelatin to any extent as a primary nutrient, the background in the 
areas of colony growth would have appeared clearer than the rest of 
the plate. From the results of these tests, it was concluded that gela- 
tin was not an important nutrient for any of the organisms under 
study and that their rate of growth in the nutrient medium used in 
the bioassay procedure would not be affected by any variation in the 
concentration of gelatin transferred with the aliquot of antimicro- 
bial agent. 


I ~ ~ t i p a t i ~ l l  of AntimicroMPts due to Coacenation Proce~~- 
To determine whether the reagents used in the preparation of the 
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PHENYLMERCURIC NITRATE IN 1 ml. NONCOACERVATE SYSTEM, 
rncg. 


Figure 5-Effect of phenylmercuric nitrate on the reproductive index 
(RI)of E. coli B/r. 


PHENYLMERCURIC NITRATE IN 1 ml. NONCOACERVATE SYSTEM. 
rncg. 


Figure 6-Effect of phenylmercuric nitrate on the reproductioe index 
(RI) of microorganisms. (Information concerning each line and the 
x-axis is found in Table X t l l . )  


coacervate systems or the coacervation process itself had any effect 
on the potency of the antibacterial agents, several concentrations of 
each drug were incorporated into both coacervate and noncoacer- 
vate systems. Formation of the coacervate phase was suppressed by 
the addition of 0.18 % sodium chloride. Aliquots were removed from 
each system and tested for antibacterial activity. The total counts of 
E. cd i  B/r were converted into reproductive index ( R I )  values, and 
the results are shown in Table 11. Among all antimicrobial concen- 
trations examined, the t test showed that the differences between the 
average RI values obtained for the noncoacervate and the suppressed 
coacervate were not significantly different ( p  > 0.05) except for the 
highest level of chloramphenicol. When 960 mcg. of chlorampheni- 
col was placed into noncoacervate and suppressed coacervate sys- 
tems, there was a significant (p < 0.05) decrease in antibacterial 
activity in the salt-treated suppressed coacervate system. This ob- 
servation is attributed to experimental error, since coincidence of 
viable counts and total counts for much higher concentrations of 
chloramphenicol using E. coli were obtained, and no similar devia- 
tions were observed at these increased drug concentrations. 


Coincidence of Total and Viable Counts-Agreement between the 
total (Coulter) counts and the viable (colony) counts of organisms 
per milliliter in drug-free and drug-treated cultures is evident for all 
values shown in Tables 111-XII. Correlation of the RI values ob- 
tained by each method indicates that the drug concentration range 
selected with each organism was sufficient to inhibit partially the 
growth of the organisms. Furthermore, agreement between viable 


Table WI-Information Concerning Figs. 6-9 
___ ___ 


Each 
Division 


Antimicro- of x-axis, 
Line Slope(-) Organism biala mcg. 


1 0.064 S. aureus PMN 0 .25  
2 0.040 E. cd l  PMN 2 .5  
3 0.0518 E. cd i  FCI 2.5 
4 0.0033 P. aeruginosa FCI 50.0 
5 0.022 s. Dureus FCI 1 .o 
6 0.04 E. coli CP 0 .4  


CP 2.5 7 0.0064 
8 0.0219 S. aureus BZCl 6.0  


S. aureus 


9 0.00062 P. aeruglnosa BZCl 20.0 


4 PMN = phenylmercuric nitrate, FCI = furazolium chloride, CP 
chloramphenicol. and BZCl = benzalkonium chloride. 
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Figure I-Effiw of jiirazoliitm chloride on the reproductire index 
(RI) of microorganisms. (Information co~rcerning each line and the 
x-axis is foiindin Tuble X I I I . )  


cell counts and particle numbers determined by the Coulter counter 
technique indicated that only live cells were being counted by the 
more rapid electronic method. Neither cellular debris nor particu- 
late contamination from the medium was interfering with a true 
count of the organisms exposed to the effects of the antimicrobial 
agent. Likewise, the addition of formaldehyde to the cell suspension 
before electronic counting suppressed further growth but did not 
disrupt the cells themselves. When systematic deviations occurred 
between RI  values obtained from the two types of counting tech- 
niques, it was assumed that the amount of drug in the treated sys- 
tems exceeded the minimum bactericidal concentration for the test 
organism; only dead organisms were counted by the Coulter counter 
technique and their number was equal to the number of organisms 
in the test culture (90 min. after inoculation but immediately before - 
the drug was added). 


To study the partitioning of the same drug at higher concentra- 
tions in coacervate systems, different microbiological test organisms 
were selected because of their relative resistance to the concentra- 
tions of drug being tested. In this way, a full range of drug concen- 
trations, which exceeded the limit of biological response displayed 
by any one strain of organism to a particular drug, could be exam- 
ined in coacervate systems using a variety of organisms (Figs. 1-4). 
As might be expected, the partition coefficient as determined by the 
microbiological methods was not dependent upon the particular 
strain of test organism, but rather there was excellent agreement 
between the partition coefficients calculated at drug concentrations 
where more than one organism was used to determine the R I  values. 
It is obvious that by selecting organisms with varying sensitivities to 
the antibacterial or by varying the conditions under which the de- 
terminations are made, drug partitioning may be studied over the 
entire concentration range. In particular, the selection of organisms 
that were very highly sensitive to the drug permitted the extension 
of partitioning measurements to ranges far lower than could be 
detected by conventional chemical techniques. 


Drug Partitioning: Calculation of the Partition C&cient- 
Microbiological Method-In most instances, the experimental condi- 
tions were adjusted to produce a constant coacervate volume ( Vl) 
of 2 ml. (Table 111) and the total volume of each coacervate system 
(V) was 30 ml. From these values the volume of the equilibrium 
liquid (V?) was calculated to be 28 ml. The partition coefficient of the 
four antimicrobials was calculated for a variety of total amounts of 
drug in the system ( T )  according to the equation developed in a 
previous paper ( I  1): 


where PC is the partition coefficient defined as the concentration of 
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CHLORAMPHENICOL IN 1 ml. NONCOACERVATE SYSTEM, rncg. 


Figure 8-Effect of clrloramplienicol 011 the reproductice index (RI) 
of microorganisms. (Information concerning each line and the x-axis 
is found in Table Xi i I . )  


drug in the coacervate phase with respect to the concentration of the 
drug in the equilibrium liquid, and a is the concentration of drug in 
the equilibrium liquid (micrograms per milliliter). The value of a 
was determined graphically from growth-inhibition curves for each 
organism over a biosensitive drug range. The estimation of a may be 
summarized as follows: 


1. Calculate RI  values based on total organism numbers in flasks 
in both coacervate and noncoacervate drug systems. Where different 
sized inocula are used, reproductive coefficients (RC) are determined 
first and RI  values are computed from the RC values. For conven- 
ience, designate the reproductive index from noncoacervate systems 
as RI, and from coacervate systems as RI,. 


2. Plot log RI, versus the concentration term T/V,  where Tand V 
have the same meanings as in Eq. 1. This relationship will yield a 
straight line which may be used as a “standard” curve for all subse- 
quent determinations with the same drug-organism system (Fig. 5). 


100 


a 10 


BENZALKONIUM CHLORIDE IN 1 ml. NONCOACERVATE SYSTEM. 
mcg. 


Figure 9-Effect of benzalkoniirm cliloride on the reproductice index 
(RI) of microorganisms. (Information corrcerning each line mid the 
x-axis is fowid in Table X I I I , )  
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3. A drug concentration term may be obtained from the abscissa 
for each log RZc value obtained from the coacervate systems. This 
value (micrograms per milliliter) is termed a and is used directly in 
Eq. 1 for the calculation of the partition coefficient. Partition coeffi- 
cients for the antimicrobial agents calculated over a wide range of 
concentrations are contained in Tables IV-XI1 and Figs. 6-9. 


Chemical Method-The partition coefficient of drug compounds 
may be calculated directly, using Eq. 1, in a manner that is very 
similar to that used with the microbiological technique. The con- 
centration term a was determined from an appropriate chemical 
analysis of an aliquot of equilibrium liquid. 


1, Phenylmercuric nitrate. Since phenylmercuric nitrate con- 
tains 63.2% (w/w) mercury, the organomercuric assay technique of 
Gage (21) utilizes a standard titrimetric solution of mercuric chloride 
which represents 1.1867 mcg. of phenylmercuric nitrate/ml. of ti- 
trant consumed in the analysis of 20 d. of the equilibrium liquid. 
If n ml. of titrant is used in the assay, then the a value (concentration 
of drug in the equilibrium liquid) may be calculated directly from 
the equation: 


and the partition coefficient of the drug in the coacervate system is 
determined once again from Eq. 1. Partition coefficients calculated 
by this method are given in Tables 1V and V. 
2. Furazolium chloride. By using the analytical techniques de- 


scribed for furazolium chloride, the concentration of drug in micro- 
grams per milliliter of equilibrium liquid was calculated directly and 
designated as a. Partition coefficients, calculated from Eq. 1, are 
presented for furazolium chloride in Tables VI-VIII. 
3. Chloramphenicol. The absorptivity (1 %. 1 cm.) of the standard 


solution of chloramphenicol was calculated from the following 
equation: 


absorptivity = 


(Eq. 3) 
absorbance at 278 nm. X 100 


mcg./ml. chloramphenicol standard solution 


Since absorptivity is concentration independent, the absorbance at 
278 nm. of appropriately treated equilibrium liquid samples divided 
by the absorptivity of chloramphenicol determined under identical 
conditions yields the concentration of the antimicrobial directly in 
terms of micrograms per milliliter. From this value the partition 
coefficient of the drug could be calculated, and Tables IX and X 
contain values at several drug concentrations. 
4. Benzalkonium chloride. When the absorbance values of bem- 


alkonium chloride were plotted against the concentration of the 
drug in accurately calibrated solutions (micrograms per milliliter), 
a straight-line standard curve was fitted from which the amount of 
benzalkonium chloride in the 20 ml. of equilibrium liquid could be 
calculated. The a value was determined directly, and Eq. 1 was used 
to calculate the partition coefficient in the usual way. These values 
are reported in Tables XI and XII. 


Reliability of Microbiological Partition CoetMemt-One main 
objective of this investigation was to develop a method whereby the 
partitioning of drugs in complex coacervate systems could be studied 
using microbiological end-points over a wide concentration range. 
The faithful correlation between partition coefficients obtained from 
both chemical and microbiological methods has established thevalid- 
ity of the newly developed method. However, at low concentrations 
of drug, deviations arise between the partition coefficient values 
obtained by the two methods. These are attributed to  a general lack 
of sensitivity of the chemical methods at extremely low drug con- 
centrations. The main advantage of the microbiological method over 
the chemical analysis (apart from its extended lower limit of sensi- 
tivity) is that any subtle physical or chemical alteration in the drug, 
resulting frotn the experimental processes, might affect the biological 
activity of such compounds. Yet such changes are not detected by 
ordinary chemical methods and generally emerge only when one 
tests for the biological potency of the compound along with chemi- 
cal analysis. The sensitivity of microorganisms to biologically active 
substances provides especially good end-points for the. measurement 
of such compounds. Any changes in the metabolic procases of 
susceptible organisms as a result of drug action are grossly reflected 
in the g r o d h  rate and reproductive index. 


Partition coefficients calculated from the microbiological method 
described here were plotted oersus T, the total amount of drug in the 
coacervate systems (Figs. 1-4). The mechanism of the partitioning of 
some organic compounds was studied by Takruri (12), who postu- 
lated that the effect was based on the differences in water structure 
between the phases of the experimental model. According to his 
view, compounds such as benzalkonium chloride and furazolium 
chloride are “Structure makers” and the enhanced structure of water 
in the caacervate phase at least partially accounts for the unusually 
high partitioning of these compounds. Diamond (25) showed that 
tetraalkyl ammonium chlorides exhibited positive deviations from 
the Debye-Huckel limiting law. According to  Diamond, the par- 
titioning of benzalkonium chloride in wcervate  systems could be 
interpreted as a salting-out effect. As seen from Fig. 4, phenylmer- 
curic nitrate shows the same characteristics as furazolium chloride 
or benzalkonium chloride. The uptake of this salt by the wcervate  
phase can be interpreted on the basis of an interaction of a hydro- 
phobic ion wifh water and macromolecules. Chloramphenicol shows 
a situation opposite to that of the others. But the curves in Figs. 1,. 
2, and 4 show the same trend; i.e., the partition coefficient is related 
directly to concentration at low levels of drug and then falls off 
sharply from a maximum value which varied with each drug. 


We postulate that the constant partition coefficient truly repre- 
sents a saturation of all binding sites on the macromolecular com- 
ponents in the coacervate phase, and the peak found with furazolium 
chloride (Fig. 2) may represent an alteration in the mechanism of the 
binding to protein molecules or a complex state of aggregation of 
the drug in the equilibrium liquid phase. In this way the coacervate 
model system may become an important adjunct to the study of 
processes affecting the protein binding of drug molecules to macro- 
molecular components; inflections and peaks in the partition coeffi- 
cient function with respect to  total drug amounts in the system repre- 
sent the result of ongoing binding and aggregational processes 
in both the coacervate and equilibrium phases. Further studies are 
in progress to elucidate more clearly the mechanisms involved in the 
binding of drug entities with the proteins in the complex coacervate 
model. Such studies may contribute to  the understanding of the 
component processes involved in the partitioning of small molecules 
in biological models. 
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Steady-State and Nonsteady-State Transport through 
Membranes Using RotatingDisk Electrode Polarography: 
Description and Properties of a Rapid Response New Technique 


YIE WEN CHIEN*, CARTER L. OLSON, and THEODORE D. SOKOLOSKI’ 


Abstract IJ A new rapid response technique was developed to 
measure both steady-state and nonsteady-state flux (mass transport 
rate, moles per second) through membranes. The system utilizes a 
rotating-disk electrode, which is covered with a porous membrane 
and connected to a polarographic module. The rotating-disk con- 
figuration provides a uniform flux density over the entire surface of 
the membrane. Since flux is directly measured as current, there is 
no need to construct a concentration Dersus time plot to obtain 
steady-state permeability and there is no need to rely on lag time to 
measure effective diffusivity. The use of lag times for this purpose 
has recently been shown to introduce significant errors in estimating 
diffusivity. In this technique, the membrane is placed on the surface 
of the electrode. In the receiving compartment, response to flux is 
so rapid that nonsteady-state diffusion may be characterized. More- 
over, it is possible to determine steady-state flux in the same experi- 
mental trial in short time periods. The technique and its use are 
described and theoretically explained through basic electrochemical 
and diffusion principles. The reproducibility achieved in transport 
measurements is seen to be quite good. 


Keyphrases Transport through membranes-methodology, equa- 
tions for measuring steady-state and nonsteady-state flux using 
rotatingdisk polarography 0 Membranes, characterization of 
transport-methodology, equations for measuring steady-state and 
nonsteady-state flux using rotating-disk polarography 0 Polarog- 
raphy, rotating disk-used to measure steady-state and nonsteady- 
state transport through membranes, theory, equations 0 Rotating- 
disk polarograpny-used to measure steady-state and nonsteady- 
state transport through membranes, theory, equations 


Transport processes occurring across a membrane 
barrier separating a solution phase from another solu- 
tion or solid phase continue to be of great interest to 
pharmaceutical scientists. Among these interests are: 
(a) a better understanding pf the mechanisms of trans- 
port in order to develop new membrane systems having 
controlled drug-release properties, and (6) the charac- 
terization, through the use of models, of the probable 


mechanisms and behavior of complex biomembranes 
in terms of physicochemical principles. 


There have been numerous studies dealing with the 
measurement of mass transport of drug and drug-like 
molecules across a large variety of membranes or bar- 
riers, ranging from model membranes to biological 
membranes themselves (1-9). In most instances (1-6, 9), 
the actual measurement of membrane permeation has 
been conducted along rather classical lines where the 
barrier separates two compartments of solution, the 
contents of which are sampled as a function of time. 
Light absorption is the measurement technique most 
commonly used. The usual time course of measurement 
of mass transport ranges from several hours to over a 
day, primarily because the ratio of compartment vol- 
ume to barrier surface area is large. Even in recently 
developed systems (7, 8) where sampling is not required 
and where the volume to area ratio is low, the detector 
is positioned away from the immediate surface of the 
membrane barrier in the receiving compartment, caus- 
ing a time lag in transport measurement. The technique 
described in this paper does not suffer from this dis- 
advantage. 


It is apparent from the literature that the design of a 
suitable diffusion measivement system is complex. 
Variables such as membrane integrity, area, and thick- 
ness; compartment volumes and concentrations; repro- 
ducibility of sampling; stirring; and temperature must 
be controlled. Many diffusional cell prototypes may 
be found (14, 9-16) and, considering that most were 
designed for similar purposes, their diversity is remark- 
able. Flynn and Smith (7) classified these cell systems 
and analyzed their advantages and disadvantages. 


One prime concetn of making permeability measure- 
ments is the ability to determine flux (mass transport 
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Perspectives in Clinical Pharmacy. Edited by DONALD E. FRANCKE 
and HARVEY A. K. WHIMEY, JR. Drug Intelligence Publications, 
Hamilton, IL 62341, 1972. xvi + 535 pp. 18 x 25 cm. Price 
$15.00. 
Perspectives in Clinicul Pharmacy, according to the title page, is 


“a textbook for the clinically-oriented pharmacist wherever he may 
practice.” The book consists of a series of 25 chapters written by 
32 authors, each chapter written to stand alone but with the intent 
that all chapters relate to what the editors refer to in their preface as 
“the concept of clinical pharmacy.” The work has been prepared 
under joint editorship, the senior editor being a well-recognized 
hospital pharmacist and pharmacy journalist, the junior editor, a 
director of pharmacy service in a university teaching hospital. An 
easily read two-column format is used throughout the book which 
is illustrated with tables, figures, and drawings. Chapters contain 
rather complete bibliographies, some of which are supplemented 
with a secondary list of references. This feature adds greatly to the 
book’s utility to students and practitioners. The index is carefully 
prepared. 


Perspectioes is one of the first textbooks to be prepared under the 
general title of “clinical pharmacy.” In this sense, it has a certain 
historic significance. Since any first effort of this nature made during 
periods of rapid transition may fall short of the original goals set 
for it, Perspectives must be accepted in a certain provisional light. 
If in the years ahead, the concept of clinical pharmacy becomes an 
enduring component of pharmacy practice and education, and if 
the book in succeeding editions keeps pace with the field as it 
evolves, Perspectioes may become, indeed, a valuable asset to the 
literature of the profession. 


Prior to reviewing Perspectives, the reviewer raised two questions 
which he hoped would be answered. “What is clinical pharmacy?” 
and “Is clinical pharmacy something new or is it only a concept, an 
emphasis, an attitude, or a hope of things longed for ’!” 


A critical reader of a new book usually wants to know why the 
book was written, and if a specific need exists which the authods) is 
attempting to fulfill. The reviewer found that Perspectives failed to 
supply this information since the preface was less informative in 
this regard than had been hoped for. Of the seven paragraphs in the 
preface, the first identifies clinical pharmacy as representing “a re- 
volt by a group young in years and in spirit against the way the 
profession has developed,” when in fact it seems to be stemming 
from more than just the disenchantment of the young. The second 
paragraph acknowledges that no one has succeeded in defining 
clinical pharmacy but when the concept matures it will bring with 
it the clinical pharmacist who “will perhaps best be described as an 
applied pharmacologist generalist.” The’third paragraph states the 
objectives which dictated the selection of subject matter: jirst, to  
orient the reader to the healthewe system; secund, to acquaint the 
reader with those continually evolving concepts add practices which 
relate to clinical pharmacy; and third, to present information “the 
clinical pharmacist will use in his daily effort to promote the safe 
and effective use of drugs. . . .” The remaining four paragraphs in 
the preface deal with acknowledgments. 


The reviewer examined the book in light of the three objectives 
which dirkted the selection of the subject matter. The first, dealing 
with an orientation to the healthtare system is dealt with in C h a p  
ters 1 and &principally in Chapter 1. While it includes data relating 
to health manpower, health-care costs, and morbidity and mortality 
data, the chapter contains very little that has not appeared reg- 
ularly in the literature of the past 5 years. The author chooses not 
to discuss the financing of health care because of the many schemes 
that have been proposed ‘and “the uncertain direction they will 
take.” Admittedly, inclusion of the financing of health care in a 
textbook of this nature presents a difficult decision since omission 
of it, eyen for purposes of orientation, makes a discussion incom- 
plete. It appears deficient in still another sense, in that it fails to 
provide guideline which the reader, presumed to be a pharmacist, 
can use in adjusting his attitudes and behavior to the new delivery 


system. The chapter does treat, in a generally readable style, some 
of the issues that have been at work in the present healthtare situa- 
tion, but which bring to  the reader very little new information. 


Chapter 4 approaches the health team concept from the point of 
view of the interrelationships among the pharmacist, physician. and 
nurse. The discussion, while well written, is largely conceptual and 
philosophical and again, represents a restatement of maqy of the 
ideas that have been discussed in recent years in the pharmacy lit- 
erature. 


One turns to Chapters 2,3, 5,6,7,8, 10, 11, 12,14, and 15 for an 
appraisal of the subject matter which relates to the second objective: 
“to acquaint him with some of the still evolving concepts and 
practices of clinical pharmacy. . . .” Here one has several well- 
written and well-organized chapters, each prepared by an author 
or authors well qualified for the assignment. For a nharmacist who 
wants to know “how” and “why,” several discussions are worthy of 
note: Developing a Clinical Pharmacy Program in the Hospital; 
Recent Advances in Drug Distribution Systems and Their Economic 
Feasibility; Developing a Parenteral Admixture Service; Building 
a Clinically-Oriented Drug Information Service; the Clinical 
Pharmacist in an Interprofessional Group Practice; and Pharmacy 
Services in Small Hospitals. 


That portion of the subject which deals with the pharmacist’s 
role as drug expert (objective three) is found in Chapters 9, 13, 16, 
17, 18, 19, 20, 21, 22, 23, and 24. The subject matter ranges from 
drug interactions and the clinical pediatric specialist to biological 
half-lives and pKa values with clinical applications; formulation of 
sterile dosage forms; and intraperitoneal dialysis and interference of 
drugs with laboratory tests. These sections, too, are well written and 
show clearly the scientific sophistication and quantification that is 
now used in the study of pharmaceutical systems. Of particular 
note is the increasing application of the biological sciences to drug- 
related phenomena. These observations illustrate the growth that 
has occurred during the past 25 years in the body of scientific knowl- 
edge encompassed by the pharmaceutical sciences. 


Three chapters are deserving of special note. Chapter 2 is an ex- 
cellent chronological recounting of the development of clinical 
pharmacy according to concept, practice, and education. In this 
section, the reviewer found answers or partial answers to the two 
questions raised prior to his review. Question 1. “What is cl/nical 
pharmacy’?’’ Answer: “Evolvement of clinical pharmacy in the 
seventies appears to progress toward greater involvement in a 
patient-oriented practice by pharmacists in both hospitals and the 


. Despite the continued effort to practice, to educate 
for and to write about, there is yet no clear definition of ‘clinical 
pharmacy.’ The concept of clinical pharmacy tends to b e n d 4 e -  
pending on whether one refers to education or to practice-to its 
applications in the institutional setting or in the community.” 


Question 2. “Is clinical pharmacy something new or is it only a 
concept, an emphasis. . . ?’ Answer: “It is difficult to assess the ex- 
tent of actual clinical practice by any definition. . . . However, more 
often than not, clinical pharmacy may be a new term attached to  
old roles. Nevertheless, those pharmacists who have taken on new 
roles. . . have found a mission in which is deeply rooted a profes- 
sional service role intrinsic to the delivery of health care and the 
needs of the patient. . . . Clinical pharmacy is not a completely 
new concept but admittedly the emphasis has changed during re- 
cent years.” 


This chronology of the evolvement of clinical pharmacy is rec- 
ommended reading for all pharmacists. 


Chapter 3 is entitled “The Social Psychological Role of the 
Pharmacist in Drug Usage.” The scope is extremely broad, em- 
bodying such topics as ‘the professional self-image, physician- 
patient relationships, patient behavior in illness, patient’s com- 
pliance, factors influencing patient’s response to drugs, pharmacist- 
patient relationships, pharmacists’ practice patterns, and separation 
of pharmacies and drugstores. The chapter, well written and well 
documented, highlights a number of important issues : profession- 
alism, the need for instruction in the social and behavioral sciences 
in the pharmacy curriculum, and factors that influence drug utiliza- 


Vd. 62, No. 5, May 1973 0 863 







tion. It has an editorial quality which calls for reform in both 
pharmacy education and pharmacy practice. 


Chapter 25, “Principles of Experimental Design for Clinical Drug 
Studies,” makes a unique contribution to Perspectives. It is written 
by a biostatistician who obviously is thoroughly familiar with his 
subject and lays out the concepts, requirements, design, and evalua- 
tion of clinical trials. For those who participate in clinical drug 
studies, this chapter is a valuable resource. 


Perspectives, as with many first editions has both strengths and 
weaknesses. The chief weakness, in the reviewer’s opinion, lies in 
the limited achievement of objective I for selection of subject mat- 
ter. One might question the feasibility of attempting to include an 
“orientation to the health care system’’ in a textbook on clinical 
pharmacy because of the vast and complex nature of the subject. 
It is also obvious in some chapters that the authors are making a 
deliberate attempt to relate their subject matter to clinical phar- 
macy--a“bending” to accommodate a new concept. This appears to 
illustrate a statement under “Conclusions and Definitions,” Chap- 
ter 2, which speaks of the loss of the medicine-making function (by 
pharmacists) to the pharmaceutical industry: ‘ I .  . .the profession 
has sought to replace it with a ‘new’ thing-and today clinical 
pharmacy is the ‘thing.”’ 


A new textbook that enjoys certain historical significance because 
of the time of its appearance and its subject matter often causes a 
critical reader to question the impact that the book will have on 
others, in this case the profession. A foreword for perspectives was 
written by Professor Alex Berman who addressed himself to this 
question: “If the perspectives in clinical pharmacy revealed in this 
work become widely accepted in American pharmacy, can anyone 
doubt that this would have a profound impact on the profession 
and that it would grow enormously in social esteem‘! But such an 
acceptance will require a conscious change of direction and goals 
as well as a planned restructuring of economic and institutional 
aspects of pharmacy.” The reviewer can only agree with Professor 
Berman’s statement. 


In  summary, Perspectices in Clinical Pharmacy, has many features 
which will direct its use both as a textbook and a reference source. 
The reader will be left to ponder some of the philosophical matters 
that the book raises, particularly those that deal with the clinical 
pharmacy concept. In the final analysis, these matters are of lesser 
significance than those raised by the subject matter of the book. 
There are chapters in Perspectires that approach state-of-the-art 
presentations of certain areas of pharmacy practice and thesc will 
be the ultimate determinants of its usefulness to students and 
practitioners. 


Reviewed by Donald C. Brodie 
ChieA Pharmacy Related Programs Branch, National Center /or 


Healih Services Research and Development, Health Services and 
Mental Health Administration 


Rockville, MD 20852 8 


Stereodmnistry and Its Application in Biachemistry, The Relation 
between Substrate Symmetry and Biological Steteospedficity. By 
WiLLiAM L. ALWORTH. Wiley-Interscience, 605 Third Ave., New 
York,NY 10016,1972. 311 pp. 14.5 X 22.5cm. PriceS16.95. 
Appropriately, the opening chapter of the book starts with a 


discussion of the valuablecontribution made by Ogston who pointed 
out that an asymmetric enzyme can distinguish between identical 
groups on a symmetrical enzyme. This point is further elaborated in 
a separatechapter on biochemical dserentiation between chemically 
like, paired groups. The stereospecificity of fumarase, citrate 


synthetase, aconitase, and alcohol dehydrogenase reactions is nicely 
condensed. For the nonchemistry majors, the introductory informa- 
tion on molecular asymmetry and biological stereospecificity, the 
standardconfiguration designations such as D, L system, and sequence 
rule are provided. Simple, selected examples for the determination of 
absolute configurations of the isomer are well presented. About 15 
pages are devoted to the substrate stereospecificity of the well- 
studied enzyme, a-chymotrypsin. It emphasizes the value of stereo- 
isomers in mapping the active site of the enzyme. The information 
will be useful to pharmacologists and other biologists who are 
interested in using D and L isomers as  a tool to probe drug-sensitive 
pharmacological receptors. 


The final chapter covers the additional examples of biological 
stereospecificity of the tricarboxylic acid cycle. The biological stereo- 
specificities in the squalene biosynthetic pathways should be par- 
ticularly useful to the medicinal chemist. A proper design of anti- 
cholesterol agents should come from the proper understanding of 
biochemistry and stereochemistry of the system. One related topic 
on cisand trans isomers of retinine is not discussed in the text. 


Throughout the book, the important statements and words are 
presented in italics. The illustrations are simple, clear, and creative. 
In the preface, the author states that “all students will profit by 
considering their study of molecular symmetry and biologic stereo- 
specificity as a vital part of an introduction to the field of biochem- 
istry.” The statement is very true. Due to his background in bio- 
organic chemistry, the author has kept a proper balance between 
biochemistry and stereochemistry. 


For faculty, as well as graduate students, the book should serve as 
an excellent reference. 


Reviewed by P. N. Patil 
College of Pharmacy 
Ohio State Universiiy 
Columbus, OH 43210 8 
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Transport Cell for Examining Solute Transfer across - 
Biolo&al Membranes 


M. MAYERSOHN' and K. SURYASAPUTRA 


Abtrad  0 A transport cell was designed for examining in oifro 
solute transfer across biological membranes. When using the in- 
testine as a model membrane, a primary advantage of the method 
is that there is no need to evert the intestine. This eliminates the in- 
fluence of eversion on the structural and functional integrity of the 
intestine and thus its possible influence on solute transfer. Pre- 
liminary studies using salicylamide were performed to quantitate 
various parameters of the apparatus. Clearance values for the 
mucosal-to-serosal transfer of salicylamide across the everted rat 
intestine were calculated per unit of membrane surface area. The 
clearance per area values obtained agree reasonably well with those 
reported in the literature using different methods. The reproduci- 
bility of the transport data agrees favorably with other methods. 
The utility of the present method is explored. 


Keyphrases 0 Cell, transport-for examining solute transfer across 
biological membranes, clearance values, salicylamide 0 Biological 
membranes-transport cell for examining solute transfer 0 Solute 
transfer, in airro-transport cell for biological membranes, clearance 
values, salicylamide 


A number of preparations are available for studying 
in Ditro drug transport across biological membranes. 
Methods utilizing intestinal membranes were recently 
reviewed (1). Probably the most widely used in Ditro 
preparation in drug transport studies is the Crane and 
Wilson (2) modification of the everted intestinal sac 
technique (3), with various minor alterations on this 
basic approach. Although this preparation has a 
number of advantages over other in Dim techniques, it 
may be criticized on the basis that relatively little is 
known about the influence of the eversion process on the 
structural and functional properties of the membrane 
and the resulting influence on drug transport, and 
appropriate experiments are not easily designed to 
answer these questions. A method is reported here for 
examining drug transfer which obviates the need for 
membrane eversion. The technique should provide a 
useful approach for examining directional drug transfer 
as well as the influence of eversion on drug transport. 


EXPERIMENTAL 


Transport Cell and Preparation of Intestine--The apparatus 
may be accurately tooled from Plexiglas (Figs. 1 and 2). The entire 
apparatus is self-contained and may be placed into a water bath to 
maintain a constant temperature. The edges of the inner face of one- 
half of the cell, where contact is made when the unit is closed, are 
lined with flexible plastic adhesive' for a watertight seal. One end 
of each of the four screws is embedded in one-half of the cell. These 
screws pass through holes in the opposite half of the cell and are 
tightened with wing-nuts once the membrane is placed into position. 


Male, Sprague-Dawley rats', weighing approximately 250 g., 
were starved 18-22 hr. prior to the experiment with water allowed 


Silicone Seal, Canadian General Electric Co., Toronto, Ontario, 
Canada. 


* Canadian Breeding Laboratories, Montreal, Quebec, Canada. 


ad Miturn. Tbe animals were anesthetized with ether, and a midline 
abdominal incision was made. The intestine was severed at the ileo- 
cecal and pyloricjunctions, and the lumen was washed with normal 
saline and placed into a dish of normal saline at room temperature. 


In the studies reported here, the intestine was everted by at- 
taching the proximal part oia a ligature to a glass rod and gently 
sleeving the intestine over itself. The first 15 cm. of the proximal 
intestine was discarded. The intestine was then cut lengthwise with 
scissors along the point of attachment of adhering tissue. An ap- 
proximate k m .  length of flat intestine was placed over the "win- 
dow" of one-half of the cell containing embedded pins whose points 
were sharpened. To prevent the intestine from falling through the 
window, a solid piece of Plexiglas was placed into the window to 
provide a solid surface for positioning the membrane. The edges of 
the membrane were then forced over the pins to secure it in place. 
During this process the intestine was handled only at the edges with 
the use of forceps. The other half of the cell was then placed in 
position, the intestine was sandwiched, and wing-nuts attached to 
the Screws were tightened. The plastic adhesive along the inner cell 
surface prevented the membrane from being damaged during this 
process. The Plexiglas insert was then removed, and the cell was 
placed into a water bath to maintain the drug and buffer solutions 
at 37 f 1". Twenty milliliters of drug in the buffer solution was 
placed into one compartment of the cell (bathing the mucosal sur- 
face), and 20 ml. of buffer solution devoid of drug was placed into 


Table I-Comparison of the Mucosal-to-Serosal Salicylamide 
Clearance Value Obtained in This Study to Those 
Reported in the Literature 


~~~ ~~~ 


Refereererice Reference Reference 
Reference This Study 6 8 9 


Method Transport Everted gut Everted gut Everted gut 
cel I 


Mucosal Bicarbonate, Phosphate, Phosphate, 
solution, pH 7.4 pH 6 . 0  pH 6 .6  
buffer and 


volume, 
Solution PH. 


ml. : 
Mucosal 20 80 
Serosal 20 2 


Mucosal 1.79 13 
surface 
area", cm.f 


Mucosal 4 . 0  2 . 0  
salicyl- 
amide 
concentra- 
tion, 
mg./ml. 


serosal 
salicyl- 
amide 
clearance, 
ml./hr. 


per surface 
area, ml./ 
hr.lcm.1 


MuWd-to- 0.287 3.87 


Clearance 0.160 0.298 


140 
15 
13 


1.0 


5.24 


0.403 


Bicarbonate, 
pH 7 .4  


100 
2 


13 


1 .0  


3.42 


0.263 


The surface area represents the gross dimensions and not necessarily 
the effective area available for drug transfer. The area reported for th/s 
study represents a measurable area corresponding to the window dl- 
mensions. The other values are calculated based upon n membrane - 
ment of 10-cm. length with a circumference of 1.3 cm., assuming a sim?e 
cylinder. 
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A B 
Figure I-Diagrammatic sketch of the transport cell. (A )  Top view. Key: a, tube outlet to vacuum for removing entire volume offluid in com- 
partment; b, connecting screws for closing unit: and c, pins for securing intestinal membrane. Inside compartment dimensions are: height, 5.2 cm.; 
length, 6.0 cm.; width, 2.9 cm. (B)  Front view of inside surface of one-half of cell. Key: a, tube outlet to vacuum; b, receiving holes for connect- 
ing screws (0.4-cm. diameter); c, receiving holes for pins; a d d ,  membrane window (length 4.85 cm.; width, 0.37 cm.). The bottom edge of the 
window is approximately 0.5 cm. above the inside bottom surjiace of the compartment. 


the other compartment (bathing the serosal surface). Solutions in 
both compartments were gassed with 95% 01-5z Cot via thin 
polyethylene tubing, and underwater magnetic stir plates provided 
the stirring of small magnetic stirrers in the transport cell. The 
compartment into which drug was diffusing was easily sampled by 
pipet or, alternatively, by total removal of the volume in that com- 
partment by vacuum via tubing connected to the vacuum outlet 
tube?.. 


This procedure was repeated using a second transport cell of 
dimensions identical to the first for another 6 cm. of intestine which 
was just distal to the first segment. 


Transport Experiments-Salicylamiden was the test compound 
used for examining rnucosal-to-serosal transfer to quantitate various 
parameters of the transport cell. The mucosal drug solution con- 
tained 4 mg./rnl. salicylamide in a modified Kreb's sodium bi- 
carbonate buffer, pH 7.4 (4). The serosal solution was buffer devoid 
of drug. Two-milliliter samples of the serosal solution were taken 
every 10 min. during the 2-hr. experiment, and each sample was im- 
mediately replaced by 2 ml. of fresh buffer. Corrections were made 
for the quantity of salicylamide removed by this sampling tech- 
nique. Because of the large concentration of drug in the m u d  
solution, sink conditions were maintained and a constant rate of 
transport was obtained. The drug was assayed spectrophoto- 
metrically4 by the method of Trinder ( 5 )  as modified by Feldman and 
Gibaldi (6). All chemicals were of reagent grade. 


Figure 2-Photograph of the transport cell separated into both units. 


'Reagent grade, Lot No. 2278020, British Drug House, Toronto, 
4 Zeiss PMQ-II spectrophotometer, Oberkochen, Germany. 


Ontario, Canada. 


RESULTS A N D  DISCUSSION 


Figure 3 is a representative plot of the cumulative amount of 
salicylamide transferred as a function of time from the mucosal to 
the serosal solution. The data points of the straightline portion of 
the curve (i.e., transfer after steady state has been reached) were 
fitted by least-squares regression. An alternative approach to 
plotting transfer data, which was used previously (7), is illustrated 
in Fig. 3; one graphs the rate of transfer per unit of time as a func- 
tion of the midpoint of that time interval. This graphical method 


TIME. min t- TIME. min t- 


20 40 60 80 100 120 
MINUTES 


Figure 3-Representative plot of the cumulative amount of salicyl- 
amide transferred across the everted rat intestine from the mucosal 
to the semal solution as a function of time. Data were taken from 
one experiment. The inset graph illustrates an alternative method of 
plotting transport data. The rate of transfer per I0 min. as a function 
of the midpoint of the time interval was plotted for the same data as 
in the cumdatiwplot. 
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provides a valuable assessment of variation in transfer rate in a 
given experiment. As may be seen, there was relatively little fluctua- 
tion in the rates of transfer over the time period of the experiment. 
Since there were no significant differences ( p  > 0.05) in transfer rates 
between segments obtained from the same animal, as determined by 
a paired Student’s f test, rates of transfer from all segments were 
lumped together and averages were determined from all the data. 
The steady-state transfer rates were determined from a least-squares 
fit of cumulative amount transferred plots. The steady-state transfer 
rates were transformed into a clearance value (milliliters per hour) by 
dividing the rate of transfer by the initial mucosal drug concentra- 
tion. In seven individual experiments, the arithmetic mean f stan- 
ard deviation is 0.287 =k 0.034 ml./hr. The range of values in this 
series ofexperiments is 0.223-0.315 ml./hr., with a percent coefficient 
of variation of approximately 12. Based upon the type of varia- 
tion normally encountered in transport studies utilizing biological 
membranes, these values appear quite reproducible. For example, 
the percent coefficient of variation for salicylamide transfer across 
the everted rat intestine may be calculated from several literature 
reports to be approximately 8 (6) or 10 (8). 


A comparison of the mucosal-to-serosal salicylamide clearance 
values obtained in this study to other literature values was attempted 
(Table I). Several other pertinent parameters of those systems cited 
are included in the table. The values to be compared are those in 
the last line of the table: clearance per unit surface area. The sur- 
face area of the membrane in the transport cell used in this study 
is a constant and is calculated from the dimensions of the window. 
This area is based only on the gross measurable dimensions of the 
window and, as with the other preparations reported in Table I, is 
not necessarily the effective membrane surface area available for 
transfer. A number of assumptions were made to estimate the sur- 
face area of the other preparations listed in Table I. The length of 
all segments listed in those reports (6, 8, 9) is 10 cm. From our own 
experiments, the circumference of the rat intestine (i.e., the width 
of the flat membrane once the intestine is cut lengthwise) was esti- 
mated to be approximately 1.3 cm. The luminal diameter varies 
from animal to animal and depends upon the portion of the in- 
testine being used. Other workers showed the intestinal circum- 
ference of the rat to be approximately 1.7-1.8 cm. (10). Nonetheless, 
the clearance values per square centimeter listed in Table I are in 
relatively good agreement. A number of reasons might explain the 
fact that the smallest clearance per area value is found in the present 
study. As mentioned, there is likely to be considerable variation in 
the diameter of the intestinal lumen from animal to animal, which 
alters the calculated value of the membrane surface area of the other 
preparations reported here. In addition, the serosal fluid in the 
everted gut method has a tendency to distend the intestine laterally. 
This distension might result in an increased luminal diameter or a 
more. complete exposure of the villi to the mucosal drug solution. 
Either effect would increase the area available for transfer. Finally, 
in the other reports cited, there is some type of lengthwise distension 
of the gut segment during the experiment other than the eversion 
process itself. 


From the preliminary data presented here, it appears that the 
method reported provides reproducible transport data in reasonably 
good agreement with previous reports using different methods. 
The apparatus is easily used and has a number of advantages to 
recommend it over other in oifro techniques. In addition to the fact 
that there is no need to evert the intestine (one is able to examine 
the influence of eversion on directional drug transport), relatively 
small volumes of solution may be used in these studies. This latter 
point might prove useful when small quantities or expensive ma- 
terials are to be examined. The primary disadvantage of the trans- 
port cell is the small surface area of the membrane available for 
drug diffusion. This creates a problem when one is performing 
classical transport studies where amounts or concentrations of drug 
are determined by analytical methods. Although this transport cell 
was originally designed for a different approach to studying drug 
transport, the membrane area available for diffusion will limit 
the analytical method to be used. If sensitive analyses are available, 
there should be little difficulty in obtaining valid data. When using 
experimental animals that have intestines of widths different from 
the rat, the apparatus may be easily modified by altering the height 
of the window. The utility of the apparatus described here for ill cifro 
drug transport studies will be. the subject of future reports. 
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Oral contraceptives have been in general use for only 
slightly more than a decade, but during this time a large 
volume of literature has accumulated concerning pri- 
marily the mechanisms of action and the adverse re- 
actions of the estrogenic and progestagenic components 
of these drugs. In addition, numerous reports have been 
published concerning clinical studies in which these 
synthetic hormones have been employed for the pur- 
pose of contraception, but in dosage forms and on 
dosage schedules differing, sometimes markedly, from 
those of the commercially available oral contraceptives. 
The purposes of this review are to discuss and to sum- 
marize the more recent developments concerning these 
various aspects of hormonal contraception. However, 
since the mechanisms of action of the oral contracep- 
tives involve modifications of the hormonal and hor- 
mone-related events occurring during the normal ovula- 


* Editor’s nore: Part I1 of this article will appear in the March 1973 
issue of the Journul o/Phurmuccuticul Sclcnces. 


tory menstrual cycle, such a review would be incom- 
plete unless prefaced by a summary of these events. 


GENERAL CONSIDERATIONS 


Menstrual Cycle-The recently increased accumula- 
tion of knowledge concerning hypothalamic-pituitary- 
ovarian interrelationships in the human have been 
made possible as a result of the discovery of the hypo- 
thalamic-releasing hormones (factors) (1) and the de- 
velopment of competitive binding techniques (2) that 
permit the accurate measurement of the minute amounts 
of gonadotropins and gonadal steroid hormones present 
in as little as 1 ml. of serum. 


A number of recent reviews (1-15) summarized the 
observations made in numerous studies since the late 
1960’s. Briefly, gonadotropin [follicle-stimulating hor- 
mone (FSH) and luteinizing hormone (LH)] secre- 
tion by the anterior pituitary is under the control of the 
hypothalamus which secretes small polypeptides into 
the portal system connecting the median eminence of 
the hypothalamus with the anterior pituitary. These 
hormone-specific releasing factors (FSH-RF and LH- 
RF) [designated by some investigators as releasing 
hormones (FSH-RH and LH-RH) (l)] act on the pitu- 
itary to stimulate the release and, perhaps, also the syn- 
thesis of FSH and LH. Furthermore, evidence indicates 
that two hypothalamic centers may be responsible for 
LH release: a “tonic” center concerned with the regu- 
lation of basal LH secretion and a “clonic” (“cyclic”) 
center responsible for triggering the ovulatory surge in 
LH secretion. The hypothalamus, in turn, is influenced 
by the estrogen and progesterone secreted by the ovary 
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Figure 1-An idealized composite of the hormonal and hormone- 
related evenis occurring during the normal menstrual cycle (2-15). 
Key: bawl body temperature (m), FSH (A-A), LH (X-X), 
estrogen (A-A), 17u-hydroxyprogesterone ( e m ) ,  and progesterone 
(0-0). 


in  response to gonadotropic hormone stimulation, 
Depending on conditions, their effects may be either 
inhibitory or facilitative; that is, they may exert a nega- 
tive or positive feedback on the hypothalamus. In addi- 
tion, the tropic hormones themselves may exert a nega- 
tive feedback on the hypothalamus (3). Finally, emo- 
tional and external environmental factors, mediated 
by various areas of the CNS, can also influence the 
hypothalamic control of the menstrual cycle (induction 
of psychogenic amenorrhea, for example) (4). 


The various hormonal and hormone-related events 
occurring during the normal menstrual cycle are de- 
picted in Fig. 1. Since the units of measure vary for the 
individual hormones and since absolute concentrations 
vary among individual women, only relative, qualitative 
changes during the cycle have been indicated. Indeed, 
the possibility was suggested (5 )  that an occasional 
woman may be sufficiently stressed by daily blood 
sampling procedures that an adverse effect on hormonal 
events during the cycle may be produced; hence, the 
differences (dde infra) observed among various studies 
may or may not represent true physiological variability, 


As shown in Fig. 1, toward the end of the luteal phase 
of the preceding cycle, concentrations of estrogen and 
progesterone decline ; in response, the previously sup- 
pressed FSH and LH levels begin to increase, initiating 
another cycle of follicular maturation (6). Estrogen 
secretion increases markedly, culminating in a sharp 
peak followed by a drop prior to ovulation; then there 
is a subsequent smaller rise during the luteal phase. 


The preovulatory rise in estrogen secretion exerts a 
negative feedback on the secretion of FSH which, 
therefore, declines. LH levels continue to rise, however, 
culminating in a sharp preovulatory surge of LH; 
following ovulation, LH levels decrease to values com- 


parable to or less than those seen during the preovula- 
tory phase. The cyclic (clonic, ovulatory) release of LH 
is thought to be due to a positive feedback effect of 
rising estrogen levels (7) and/or a negative feedback 
effect due to the dip in estrogen secretion that may pre- 
cede the peak LH level (3). 


The possible role that may be played by preovulatory 
progesterone secretion by the follicle and/or the adrenal 
(8) in the triggering of LH release in the human is a 
matter of controversy (9). 17a-Hydroxyprogesterone 
has been shown to increase prior to the LH peak, but 
this compound is not believed to be of physiological 
significance (10). The small periovulatory increase in 
progesterone secretion, on the other hand, appears to 
be a consequence of LH secretion rather than a stimulus 
for it, although the possibility that it may act centrally 
in a facilitatory manner to maintain and prolong the 
surge of LH has not been ruled out (7). 


The low postovulatory secretion of LH appears to 
be responsible for stimulating the newly formed corpus 
luteum to continue secreting increased amounts of 
progesterone and estrogen. Nevertheless, despite con- 
tinuous exogenous administration of LH, it has been 
shown that the secretory capacity of the corpus luteum 
declines (spontaneously or perhaps due to some un- 
known luteolytic factor) at 9-11 days after ovulation 
(7). 


Most investigators also find a midcycle peak in FSH 
secretion, usually coincident with the LH peak (2, 3, 
6, 7), although sometimes preceding (3) or following it 
(9). Its physiological significance is unknown, and the 
physiological stimulus responsible for it is merely specu- 
lative (7). 


Concurrent with the preovulatory peak in estrogen 
secretion, a drop in basal body temperature is usually 
seen (3, 11); following ovulation, there is a rise in basal 
body temperature which parallels the rise in proges- 
terone levels. Sometimes the rise in temperature is 
abrupt, as shown in Fig. 1, but at other times it is slow, 
requiring several days before preovulatory levels are 
exceeded. Results of a study (12) comparing these two 
types of temperature rise suggest that ovulation may not 
bear a similar temporal relationship to the low tem- 
perature point in these two conditions, i.e., ovulation 
may occur later when there is a slow (“staircase”) rise. 


In addition to the negative and positive feedback 
effects that ovarian steroids have on the hypothalamus, 
they also produce cyclic changes in the endometrium 
and the cervical mucus. Specifically, prior to ovulation 
the endometrium is of a proliferative type due to the 
action of estrogen alone; following ovulation, proges- 
terone and estrogen combine to produce secretory 
changes in the glandular epithelium and edema in the 
stromal tissue. Toward the latter portion of the cycle, 
pseudodecidual changes occur in the endometrial 
stroma (13). Very late in the cycle, as a result of the 
decline in estrogen and progesterone production, men- 
struation occurs; the endometrium responds to the 
withdrawal of the hormonal support by desquamating 
(14). 


During the preovulatory phase and especially just 
prior to ovulation, the cervical mucus becomes in- 
creasingly more favorable, in physicochemical char- 


180 Journal of PharmaceuticaI Sciences 







acteristics, to the migration of sperm (15). It forms a 
thin, clear, watery liquid which can be stretched into 
threads (spjnnbarkeit). It is rich in sodium chloride, a 
decisive factor in determining consistency, and when 
dried on a slide, crystals of the salt form fern-like pat- 
terns (arborization); viscosity is minimal and cellular 
debris virtually absent. Finally, the micelles comprising 
the mucus are thought to be present in long chains 
arranged approximately in parallel order. In contrast, 
the mucus becomes thick under the influence of pro- 
gesterone in the luteal phase. There is coiling of the 
mucoid molecules, and the micelles form a dense net- 
work containing much cellular debris; spinnbarkeit and 
arborization (ferning) disappear. 


Chemistry-The chemical structures of the two 
estrogens 
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estrogens and six progestagens present in the commer- 
cially available oral contraceptives are shown here. 
The structures of naturally occurring estradiol and 
testosterone, to which the synthetic compounds, re- 
spectively, are chemically related, are included for com- 
parison. 


Removal of the 19-methyl group from testosterone, 
yielding 1Pnortestosterone, markedly reduces the 
androgenicity of the molecule (16). It is actually the 
latter compound to which the progestagens, excluding 
dimethisterone, are more closely related. Addition of 
the l7a-ethinyl group confers progestational activity 
on 19-nortestosterone (17), and further modifications 
have resulted in compounds which, on the basis of data 
obtained from studies in lower animals (16), appear to 
differ slightly among their other biological properties 
(18). 


Dimethisterone, a potent antiandrogen, for ex- 
ample, is without estrogenic or androgenic properties 
in contrast to ethynodiol diacetate, which has some 
estrogenicity and slight androgenicity. Norethindrone, 
norethindrone acetate, and norgestrel all possess some 
androgenicity, while norethynodrel has estrogenic 
activity thought to be due to the double-bond con- 
figuration between carbon positions 5 and 10 in the 
latter compound (19). 


The chemical structures of a number of other steroids 
with contraceptive properties are also shown here. 
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These compounds have been and/or are being used 
alone or in  combined estrogen-progestagen prepara- 
tions, largely in investigational studies, in the United 
States and elsewhere ( o d e  infru). 


Estradiol is not active orally; addition of the 17a- 
ethinyl radical, however, as in ethinyl estradiol and its 
3-methyl ether, mestranol, renders the molecule orally 
active (17). The 3-cyclopentyl ether derivative quin- 
estrol is not only active orally but has an extremely 
prolonged duration of action due to its slow release 
from fat stores (20). In contrast, quingestanol acetate, 
the 3-cyclopentyl enol ether derivative of norethindrone 
acetate, is not stored in body fat and does not have pro- 
longed activity (21). Results of a study (22) of other 
19-nortestosterone 3-cyclopentyl enol ethers suggest 
that the nature of the parent ketone, rather than enol 


Table I-Oral Contraceptive Preparations 


DO=, Dose, 
Estrogen mcg. Progestagen mg. 


Ethinyl 100 
estradiol 50 


50 


50 


50 
Mestranol 100 


50 
60 
80 
80 


100 
75 


100 


Dimethisterone 
Ethynodiol 


diacetate 
Norethindrone 


acetate 
Norethindrone 


acetate 
Norgestrel 
Ethynodiol 


diacetate 
Norethindrone 
Noret hindrone 
Norethindrone 
Norethindrone 
Norethindrone 
Norethpodrel 
Norethynodrel 


25.e 
1 .ob 


1 .O' 


2 . 9  


0 . 9  
1 .@ 


1 .@ 
10.0d.a 


1 .ob 
2.0, 
2.w-0 
Z.Od*' 
2 . Y  


0 Sequential preparation: 16 tablets of ethinyl estradiol followed by 
six tablets of ethinyl estradiol plus dimethisterone. b Combined prep- 
aration: 21-day dosa e schedule. .Combined preparation: 20- and 
21-day dosage sched3es. dTwenty-day dosage schedule. * Used also 
for treatment of hypermenorrhea and endometriosis. I Sequential prep- 
aration: 14 tablets of mestranol followed by six tablets of mestranol 
plus norethindrone. 0 Used also for treatment of hypermenorrhea. 


etherification per se, governs the biological behavior of 
such compounds. 


Lynestrenol is another 19-nortestosterone derivative 
present in oral contraceptive preparations that are 
commercially available outside the United States. Like 
norethindrone acetate and its derivative, quingestanol 
acetate, lynestrenol is a progestagen which has some 
androgenicity (18). 


Finally, there are three progestagenic steroids shown 
that are structurally related to progesterone, the struc- 
ture of which is given also. Neither progesterone nor 
17a-hydroxyprogesterone has activity when adminis- 
tered orally; the progesterone molecule, furthermore, 
does not lend itself to useful derivatives (17). Esterifica- 
tion of the 17a-hydroxyl group of the second compound, 
however, gives this molecule progestational properties, 
and further modifications enhance its contraceptive 
effects (23). Specifically, a major pathway of I7a-hy- 
droxyprogesterone catabolism involves hydroxylation 
at C-6. Addition in this position of substituents such 
as chlorine, as in chlormadinone acetate, or a methyl 
group, as in medroxyprogesterone acetate and meges- 
trol acetate, hinders the catabolism of the compound, 
thereby enhancing its biological effects. Finally, med- 
roxyprogesterone acetate has slight androgenicity while 
chlormadinone acetate and megestrol acetate are potent 
antiandrogens (18). 


Contraceptive Preparations-The commercially avail- 
able oral contraceptives are of two types, the combined 
products and the sequential preparations. The various 
doses and combinations available in the United States 
are listed in Table I. It can be seen that doses vary not 
only among the different progestagens but also for the 
same progestagen used either with the same or a differ- 
ent dose of estrogen. The reasons for the variability are 
multiple and are related to the factors of potency, dosage 
regimens and therapeutic uses other than contracep- 
tion (see footnotes to Table I), and side effects. 


Although much valuable preliminary information 
can be obtained by studying the effects of oral contra- 
ceptive components in  experimental animals, the po- 
tency of these compounds, as assessed by animal studies, 
may not always be relevant to their effectiveness in the 
human. Consequently, Swyer and Little (24) compared 
a number of progestagens, with and without estrogen, 
with respect to their ability to postpone menstruation 
in normal women given 20-day courses of progestagen 
from Day 20 of the cycle. The respective doses (and 
variations available for given progestagens) listed in 
Table I for norethindrone, norethindrone acetate, nore- 
thynodrel, ethynodiol diacetate, and norgestrel are 
consistent with their respective potencies as determined 
by the menstruation postponement assay; dimethis- 
terone was not studied in this manner. 


The combined preparations containing the highest 
doses of norethindrone and norethynodrel have been 
used for the treatment of endometriosis as well as for 
contraception. The rationale behind this use is that the 
higher the dose of progestagen the greater are the degree 
and probability of occurrence of endometrial suppres- 
sion (25). 


The occurrence of side effects, such as lack of with- 
drawal bleeding on the one hand and breakthrough 
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bleeding on the other, may also be dose related (26); 
higher doses of progestagen may be associated with 
scanty withdrawal bleeding, while lower doses may be 
associated with breakthough bleeding. It has also been 
suggested that a higher dose of estrogen (i .e. ,  80 mcg. 
mestranol instead of 50 mcg.) may be needed by some 
women to  avoid spotting and breakthrough bleeding. 
Nevertheless, it was shown that by the sixth cycle the 
differences between the two doses were negligible with 
respect to the occurrence of breakthrough bleeding 
(27). In view of this observation and of the possible 
association between more serious adverse reactions and 
estrogen dosage (oide infra), it would seem wiser to rely 
on higher progestagen dosage preparations to control 
breakthrough bleeding in patients for whom this effect 
is a significant problem. 


The variations in estrogen dosage are also of interest 
from the point of view of contraceptive effectiveness. 
A number of investigators (28-36) studied the effective- 
ness (pregnancy rate) and/or the ovulation-blocking 
effects (pregnanediol measurements and/or endometrial 
biopsy) of various doses of both ethinyl estradiol and 
mestranol, alone as in the initial portion of a sequential 
regimen or in combination with a progestagen. The 
results of one study (28) seem to imply that a dose of 
80 mcg. mestranol is necessary to produce the same 
(and acceptable, although less than complete) degree 
of ovulation blockade as 50 mcg. ethinyl estradiol; 
mestranol, however, apparently was not studied at  a 
dose of 50 mcg. A subsequent study (29) showed that a 
daily dose of 100 mcg. ethinyl estradiol was necessary 
to inhibit ovulation consistently. Furthermore, six of 
eight patients ovulated during treatment with 80 mcg. 
mestranol following a nontreatment cycle. The results 
of a more recent study (30) support the data of Jackson 
ef al. (29) concerning ethinyl estradiol ; three preg- 
nancies, two of which were attributed to method failure, 
occurred among 80 women treated for 695 cycles with 
70-mcg. doses of ethinyl estradiol, yielding a pregnancy 
rate of 3.5/100 woman-years of use. 


In larger scale studies (31-33) in which the contra- 
ceptive effectiveness of 80 mcg. mestranol was investi- 
gated, pregnancy rates were low. In one report (33) 
the pregnancy rates for the 27 centers in which the study 
was carried out showed a distribution comparable to 
that for published data concerning various combination 
products; the data from the 27 centers averaged out to 
a rate of 1.12/ 100 woman-years. The authors pointed 
out, however, that factors such as the reluctance of 
women to admit not having taken the preparation 
correctly until they were assured that they were not 
pregnant made it difficult to determine the true effec- 
tiveness of any contraceptive. 


Finally, two investigations were carried out to com- 
pare the effectiveness of various contraceptive prepara- 
tions. Results of a 4-year study (34) yielded pregnancy 
rates of 0.1/100 woman-years for combined preparations 
and of 0.5/100 for the sequential preparations; these 
values increased to 0.7 and 1.4, respectively, when 
patient failures were included. Unfortunately, the doses 
of estrogen and progestagen used were not given. The 
other study (35) compared nine preparations, four of 
which were sequentials. All preparations contained 80 


mcg. mestranol except for two combined preparations 
that contained 75 and 125 mcg. mestranol, respectively. 
The preparations were used for total numbers of cycles 
ranging from 71 to 6721. The seven pregnancies at- 
tributed to method failure occurred in patients using 
three of the four sequentials; however, since the direc- 
tions given were to  wait until the 5th day of withdrawal 
bleeding before beginning a new 20- or 21-day course 
of medication, 11 days of no medication elapsed for 
three of the patients in whom withdrawal bleeding had 
been delayed. Resumption of medication on the 6th or 
7th day after the last tablet of the previous cycle, re- 
gardless of whether or not withdrawal bleeding had 
occurred, became the retrospective and, probably, 
safer recommendation. 


There have been reports of women omitting tablets 
and becoming pregnant, of women omitting tablets and 
not becoming pregnant, of women ovulating during 
treatment but not becoming pregnant, and of women 
not omitting tablets but becoming pregnant (30-36). 
Some data also suggest a lesser effectiveness with use of 
the sequentials (34, 35). These phenomena can be ex- 
plained at  least partly on the basis of the mechanisms 
of action of the contraceptive preparations (oide infra). 
However, very few studies have taken into considera- 
tion the absolute frequency of coitus. Since both ova 
and sperm have a finite viability, pregnancy would not 
be expected to  occur if coitus had not taken place close 
to the day(s) of missed medication and/or breakthrough 
ovulation. As will be shown later, the combined prep- 
arations provide secondary, backup mechanisms in 
the event a breakthrough ovulation occurs. However, 
data are not available to indicate whether coincidental 
lack of coital exposure took place at  the time that tab- 
lets of either type were missed by patients who did not 
subsequently become pregnant. At best, an occasional 
study (30) reported the average coital exposure per week 
or that patients were required to have frequent (no nu- 
merical value given) intercourse as a prerequisite for 
receiving the test medication (35). 


Mechanisms of Action-Both the combined and 
sequential preparations are believed to  prevent ovula- 
tion by inhibiting the release of the gonadotropin- 
releasing factor(s) from the hypothalamus (1, 16); that 
is, the synthetic hormone(s) exerts a negative feedback 
on the hypothalamus in a manner similar to that by 
which the naturally occurring hormones act. The major 
difference, however, is that the oral contraceptives 
provide a constant (inhibitory) dosage, a steady-state 
level, of synthetic ovarian hormone(s) in contrast to 
the changing (and, hence, sometimes stimulatory) levels 
of naturally occurring steroids provided during the 
normal, untreated menstrual cycle (oide supra). 


As a result of hypothalamic suppression by an oral 
contraceptive, gonadotropin output from the pituitary 
is decreased. However, results of studies (37-41) of 
serum and urine samples obtained from women taking 
various oral contraceptives have revealed both quali- 
tative and quantitative differences between the effects 
of the combined and sequential preparations. Such 
differences are to be expected in view of the normal 
hormonal interrelationships already discussed. Specif- 
ically, the sharp midcycle peak in LH secretion was 
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almost always abolished by both the combined (37-4 1) 
and sequential preparations (37, 38), as was the mid- 
cycle peak of FSH (37, 38,41). In addition, basal, tonic 
secretion of FSH was suppressed to about 7 0 z  of con- 
trol values by both types of preparation. In contrast, 
whereas the combined preparations decreased tonic 
LH secretion to about 20-30z of the control value, 
sequential preparations decreased LH values to only 
about 50% of the control (37). Furthermore, large, 
multiple fluctuations in LH levels, “inappropriately 
timed LH peaks,” were found in serum samples ob- 
tained from several women during the estrogen phase 
of their sequential medication (38). An additional peak 
in LH secretion occurred in five of eight patients follow- 
ing addition of the progestagen on the 16th day of 
medication. 


In summary, if FSH is sufficiently suppressed by the 
estrogenic compound of both the combined and se- 
quential preparations, follicular growth will be minimal 
(16). Therefore, the Occurrence of ovulation would be 
unlikely even in the presence of the higher LH levels 
found during sequential therapy since there would be 
no ripe follicle mature enough to ovulate. Nevertheless, 
modest fluctuations in FSH secretion have been ob- 
served, even in women receiving combined preparations 
(37, 41), suggesting that follicular growth might pro- 
ceed further in some women than in others. 


The possibility of ovulation occurring is increased 
when a tablet of either type of preparation is missed, 
although one preparation containing 0.5 mg. norgestrel 
and 50 mcg. ethinyl estradiol was shown to be effective 
when administered on alternate days (42). The possi- 
bility of a pregnancy occurring is increased, especially 
when a tablet of the sequential type is missed. These 
possibilities are further increased when more than one 
tablet is omitted. Finally, although taking a missed 
tablet as soon as it is remembered or doubling the 
dosage when more than one is missed will serve to end 
the cycle of medication at the appropriate time, such 
measures are not likely to provide adequate contra- 
ception in the case of the sequentials nor even in the case 
of the combined preparations if more than one tablet 
of the latter type is omitted. Consequently, use of an 
additional method of contraception for the remainder 
of the cycle is advisable whenever oral contraceptive 
tablets have been omitted. Explanations for taking 
this precaution lie partly in the results of studies (43- 
45) in which various doses of estrogens and/or proges- 
tagens were administered daily to women. 


Briefly, FSH concentrations in the urine were found 
to increase with daily subtherapeutic doses of ethinyl 
estradiol (20 mcg.) (43) and mestranol (10 mcg.) (44), 
whereas therapeutic doses [70 and 100 mcg. (43) and 
50 and 100 mcg. (44), respectively] usually depressed 
FSH excretion. Furthermore, high daily doses (2 mg.) 
of one progestagen, ethynodiol diacetate, suppressed 
FSH (44) and LH (45) secretion while lower doses r0.25 
and 0.50 mg. (44) and 0.1,0.2, 0.4,0.6,0.8, and 1.0 mg. 
(45)) often resulted in high levels of FSH and LH, re- 
spectively. 


Although the progestagen-estrogen ratio in combina- 
tion products apparently influences the degree of FSH 
and LH suppression (44), the important point to be 


realized from these studies is that low doses of these 
contraceptive steroids do not suppress, and actually 
may stimulate, FSH and/or LH secretion. Hence, when 
tablets are missed, blood levels of the steroids decrease, 
resulting in an increased output of FSH and/or LH by 
the pituitary. Follicular growth or, possibly, ovulation 
may then occur if sufficient FSH secretion has been 
occurring in spite of the medication. Assuming the 
lowering of steroid levels has merely resulted in a sub- 
sequently increased secretion of gonadotropin, which 
has in turn merely resulted in follicular maturation, 
doubling the dosage upon remembering the omission 
would increase blood steroid levels and possibly trigger 
an ovulatory surge of LH, just as rising steroid levels 
appear to do during the normal, untreated cycle. Indeed, 
changing the dosage of estrogen during the combined 
portion of a sequential regimen (75 mcg. ethinyl estra- 
diol for 16 days followed by 50 mcg. ethinyl estradiol 
plus a progestagen for 5 days) was associated with a 
pregnancy rate of 15.4/100 woman-years in comparison 
with the rate of 6.3 obtained when the dosage of ethinyl 
estradiol remained 75 mcg. throughout the 21-day 
sequential cycle (46). Furthermore, low doses of con- 
jugated estrogen (0.1 mg. daily on Days 9-14 of the 
cycle) were used to induce ovulation at a predictable 
time ( 9 7 z  of 336 ovulations occurred no later than 
Day 16) in patients wishing to use the rhythm method 
of birth control (47). 


Pituitary suppression tends to be more complete with 
the combined preparations, as indicated by a marked de- 
crease usually in both FSH and LH secretion, with the 
probable consequence being a more marked lack of 
follicular development. However, these preparations 
also provide secondary contraceptive mechanisms that 
can be of importance in the event of a breakthrough 
ovulation. One such mechanism involves the effect of 
the progestagen on the cervical mucus. In contrast to 
the watery mucus facilitatory to sperm penetration (15) 
present during the preovulatory phase of the untreated 
cycle and throughout the estrogenic phase of the se- 
quential regimen, the mucus present during treatment 
with the combined preparations is similar to that found 
during the normal luteal phase; that is, the cervical 
mucus is thick, scanty, and cellular, providing a physical 
barrier to penetration by sperm (13). The physical 
barrier hypothesis, moreover, is supported by electron 
microscopic evidence (48) which indicates a close ap- 
proximation of, and significant cross-linkages between, 
the main fibers comprising the cervical mucus obtained 
from women taking combined preparations. This mech- 
anism, furthermore, is thought to be the one primarily 
responsible for the contraceptive effectiveness of low- 
dose progestagen-only preparations (oide infru). 


Endometrial changes occurring under the influence 
of combined preparations differ from those observed 
during the normal, untreated cycle. As a result of the 
presence of progestagen along with estrogen early in 
the cycle, glandular secretion begins promptly and 
reaches a peak within 4 days of the start of medication 
(13). The glands then involute and may acquire an 
atrophic appearance. The stroma, after passing through 
a phase of edema, reaches a pseudodecidual pattern 
earlier and of greater intensity than in the untreated 
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cycle. It has been suggested that such an endometrium 
may be unfavorable in some manner for the implanta- 
tion of a fertilized ovum (23,49). 


Investigational Steroid Contraceptives-A number of 
orally administered progestagens have been or are 
being investigated for their ability to control fertility 
in the absence of exogenous estrogen. Most studies 
involved chlormadinone (50-55) and, more recently, 
norgestrel (55-60), although results obtained with con- 
tinuous administration of low doses of norethindrone 
(51, 61, 62), norethindrone acetate ( 5 9 ,  and megestrol 
acetate ( 5 5 )  were reported as well. A discussion of the 
observations made in women taking chlormadinone 
acetate is virtually of academic interest only, since this 
drug was withdrawn from the market due to the finding 
of mammary gland nodules in dogs treated with it (63). 
Nevertheless, the results of clinical studies with this 
drug provide much valuable information cohcerning the 
mechanism(s) by which low dose progestagen-only 
preparations may exert their contraceptive effects. 


It was indicated above that the primary antifertility 
effect of low dose progestagen-only preparations was 
thought to be the result of their production of a cervical 
mucus that was “hostile” to sperm. Indeed, studies 
(50) with doses lower than 0.25 mg. chlormadinone 
acetate revealed a failure to produce inhibitory changes 
consistently in the cervical mucus; these doses also did 
not afford completely effective contraception. Higher 
doses produced greater inhibitory effects on the cervical 
mucus and greater contraceptive effectiveness. When 
doses higher than 0.3 mg. were used, suppressive effects 
on the endometrium were obtained; these effects pre- 
sumably contributed to the contraceptive effectiveness 
of the drug. 


Subsequent studies of volunteers taking daily doses of 
0.5 mg. chlormadinone acetate (51-54) or 0.5 mg. nore- 
thindrone (61) revealed discrepancies among factors 
normally associated with the Occurrence of ovulation 
and, hence, with one another. These factors include 
the midcycle LH (and FSH) peak(s), biphasic basal 
body temperature, and increased serum progesterone 
and increased urinary pregnanediol levels during the 
second half of the cycle. The fact that sometimes one, 
although not always all, of these factors might be nega- 
tive in patients taking chlormadinone acetate suggested 
the possibility of a central effect (52) of the dose to 
which some patients might be more sensitive than 
others (53). In addition, these observations raised the 
question as to whether there might be some minimal 
levels of LH and pregnanediol compatible with normal 
ovulation and corpus luteum function (51). In other 
words, would the gonadotropin levels found during 
chlormadinone acetate therapy be sufficient merely to 
cause luteinization of one or more follicles but not 
ovulation (53) or, if ovulation did occur, would it be 
followed by an “inadequate luteal phase” (54,61)? 


Similar observations were made in studies employing 
low doses of norgestrel. Specifically, the results sug- 
gested that in addition to producing inhibitory effects 
on the cervical mucus and on the endometrium, nor- 
gestrel in doses of 0.03 (56), 0.05 (57), and 0.075 (58 )  mg. 
appeared also to interfere with the formation and/or 
functioning of the corpus luteum. The progestagens, 


norethindrone, norgestrel, chlormadinone acetate, and 
medroxyprogesterone acetate, administered orally for 
several days following ovulation, have, in fact, been 
shown (64) to decrease progesterone production by the 
corpus luteum. However, the doses used for norethin- 
drone (5-100 mg.), norgestrel (2-5 mg.), and chlorma- 
dinone acetate (50 mg.) were higher than those used 
clinically for progestagen-only contraception. The 
mechanism by which hormone production was de- 
creased was not determined, but it was not likely to 
have involved luteolysis since the administration of 
human chorionic gonadotropin (HCG) resulted in in- 
creased production of progesterone despite continued 
administration of the synthetic progestagens. 


It seems apparent that the mechanism@) by which 
daily administered oral preparations of low dose pro- 
gestagens exert their contraceptive effects is (are) com- 
plex and still somewhat obscure. By means of culdo- 
scopic examinations (5  1) and ovarian biopsies (52), 
for example, it was shown th? ovulation does occur in 
some, but not all, women taking these preparations. 
Moreover, inconsistencies among parameters normally 
indicative of ovulation have been found in some women. 
Furthermore, although it is generally agreed that the 
production of a cervical mucus that prevents the en- 
trance of sperm into the uterine cavity is the primary 
mechanism by which these preparations act, postcoital 
tests, although usually poor, are not always so, in 
women using these contraceptives (55 ,  60). Finally, the 
“hostility” may not be entirely due to a physical barrier 
but may also be biochemical in nature (65). Trypsin, 
for example, is thought to affect sperm penetration of 
the zona pellucida of the ovum, and it has been postu- 
lated that one mechanism might involve antitrypsin 
in the cervical mucus (60). 


Whether due to a physical and/or a biochemical 
effect, the production of cervical mucus that is non- 
permeable to sperm formed the basis on which clinical 
trials of precoital progestagen-only contraceptives were 
undertaken (66). Megestrol acetate, at a single oral dose 
of 0.5 mg., was shown to be effective when coitus was 
limited to the period between 4 and 14 hr. after dosing; 
17 women were studied for a total of 187 cycles, and 
coital frequency was estimated to be once every 3 days 
on the average. A previous group of 26 women studied 
for a total of 468 cycles also achieved contraceptive 
protection with this preparation, although there was 
one patient failure. In these patients, coital activity 
had been restricted to between 5 and 10 hr. following 
dosing. Protection was not achieved, however, in a 
third group of patients in whom coitus took place largely 
between 20 and 21 hr. after dosing. This preparation 
appears to have advantages for women exposed only 
occasionally to intercourse; however, frequent coitus 
requires frequent medication, with the result that cycle 
irregularity may occur, similar to that observed with 
continuous progestagen administration (uide infra). 


It should be obvious that women using oral contra- 
ceptives of the combined type have an advantage over 
those using sequentials since additional contraceptive 
mechanisms are provided by the progestagen. Unfortu- 
nately, in the absence of exogenous estrogen ( i e . ,  in 
patients using the continuously administered progesta- 
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gen-only oral preparations), high pregnancy rates were 
reported in some studies. Rates for 0.05 mg. norgestrel 
vary from 0.8 (59) to 6/100 woman-years (62); for 0.5 
mg. chlormadinone acetate, the rates vary from 0.2 to 
9/100 woman-years (62). In his own study using 0.35 
mg. norethindrone, Board (62) obtained a rate of 0.6/ 
100 woman-years based on 154 women observed for a 
total of 1888 months. For norethindrone acetate, on the 
other hand, a rate of 4/100 was obtained by Mears el al. 
(55); however, the group in this study consisted merely 
of 41 women, only 19 of whom completed an entire 
year’s treatment. In retrospect, the influence that factors 
such as ethnic group (67), especially if a marked dif- 
ference in body size is involved, and coital frequency 
might have had on these results cannot be determined. 
In view of the high pregnancy rates reported in some 
of these studies, it would seem unwise for women to use 
progestagen-only oral contraceptives unless they wish 
merely to space their families rather than to eliminate 
pregnancy completely. 


In addition to their drawback of having a variable 
degree of effectiveness, progestagen-only preparations 
also produce a high incidence of menstrual irregularity 
manifested by breakthrough bleeding and prolonged 
cycles (15, 26, 50, 59, 62). Better cycle control can be 
obtained by administering estrogen in addition from 
Day 19 or 21 to Day 25 (68), the so-called reverse se- 
quential regimen (26). Although contraceptive effec- 
tiveness was reported for this regimen (68), the ad- 
visability of giving estrogen to women in whom ovula- 
tion but not necessarily follicular development may 
have been delayed is questionable in view of the stimula- 
tory effect that estrogen may have on the hypothalamus 
(aide supra). 


Progestagen-only contraception has been achieved by 
administering the compounds by other than the oral 
route. A depot form of medroxyprogesterone acetate, 
for example, has been shown to be effective when in- 
jected intramuscularly at a dose of 150 mg. every 3 
months (15). Inhibition of LH release, increased vis- 
cosity of the cervical mucus, and thinning of the endo- 
metrium are all believed to contribute to the contra- 
ceptive effect. Unlike the oral progestagens, the in- 
jectables appear to be as effective as the commercially 
available combined oral preparations (26). Like the oral 
progestagens, however, the injectables have erratic 
bleeding as a major side effect. Nevertheless, amenor- 
rhea eventually develops in many patients and may 
persist for up to 12 months after the last injection. 


Other means of delivering contraceptive doses of 
progestagens in a continuous manner that have been 
tried recently include: (a) the subcutaneous implantation 
of silastic capsules containing progestagens such as 
medroxyprogesterone acetate and megestrol acetate 
(26), (b) the use of a silicone rubber ring impregnated 
with medroxyprogesterone acetate and placed around 
the cervix (26), and (c)  the intrauterine administration 
of progesterone contained in a silastic capsule attached 
to an intrauterine contraceptive device (IUD) (1 5). 
However, insufficient studies have been published con- 
cerning these newer methods to permit their critical 
evaluation. 


Clinical studies have been carried out also with long- 


acting, intramuscularly injected preparations containing 
an estrogen as well as a progestagen. These preparations 
share with the progestagen-only injectables the ad- 
vantage that effective hormonal contraception can be 
achieved without requiring the patient to  remember to  
take daily medication. In addition, it was suggested 
(69) that cycle control may be slightly better with the 
combined injectables; the latter, however, have usually 
been administered once a month in comparison to once 
every 3 months for the progestagens. 


Examples of combinations that have been shown to be 
clinically effective include estradiol unducelate plus 
norethindrone enantnate [5 and 50 mg., respectively, 
or 10 and 70 mg., respectively (as)], 5 mg. estradiol 
cypionate plus 25 mg. medroxyprogesterone acetate 
(70), and 10 mg. estradiol enanthate plus l5Omg. 1&,- 
17a-dihydroxyprogesterone acetophenide (7 1). The last 
preparation, studied in 385 patients during 4512 cycles, 
produced continued or irregular bleeding in 7.5 % of the 
patients. 


The depot concept was also applied to orally ad- 
ministered formulations in which the long-acting estro- 
gen, quinestrol, was combined with one of several short- 
acting progestagens (15). In one study (20), for example, 
a dose of 2 mg. quinestrol alone was given on Day 1 of 
the first cycle; on Day 22 and then subsequently at 4- 
week intervals, doses of 2 mg. quinestrol plus 5 mg. 
quingestanol acetate were given. The effect of the pro- 
gestagen was primarily to induce withdrawal bleeding, 
although the latter began at variable times following 
dosing: 8-14 days after administration in 65% of 7441 
cycles observed in 719 patients and 5-20 days later in 
92% of the cycles. The effect of the estrogen, on the 
other hand, was to prevent ovulation during the sub- 
sequent 4 weeks. However, the progestagen may have 
contributed to  the contraceptive effect as well ; six pa- 
tients, four of whom did receive the quinestrol later 
than Day 1, became pregnant during the first cycle in 
which they received the estrogen alone, yielding a 
pregnancy rate of 4.0/100 woman-years. When the first 
cycle and subsequent patient failures were eliminated 
from the total data, the pregnancy rate was calculated 
to be 2.1/100. 


Estrogens alone have been used postcoitally to pre- 
vent implantation in the event that fertilization may 
have taken place, as in rape cases (26) and condom 
failures (72) for example. Several possible mechanisms 
of action have been suggested (73), including disturb- 
ances in endometrial histology and histochemistry, 
tuba1 locking that would prevent the ovum from reach- 
ing the uterus, and rapid expulsion of the ovum from 
the tube and uterus. Various dosage regimens also have 
been suggested: 1 mg. ethinyl estradiol b i d .  for 5 days 
following coitus (15), 0.5 mg. ethinyl estradiol or 5-50 
mg. diethylstilbestrol daily for 4-6 days following coitus 
(74), 5 mg. diethylstilbestrol five times per day for 5 
days beginning within 48-72 hr. after coitus (72), 75 mg. 
diethylstilbestrol for 3 days following coitus (75), and 
25 mg. diethylstilbestrol b i d .  for 5 days beginning 
immediately after coitus (73). The larger doses espe- 
cially are likely to produce nausea and vomiting; conse- 
quently, one investigator (72) recommended administer- 
ing an antiemetic along with the estrogen. Because of its 
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tendency to produce these symptoms, this method of 
contraception is not likely to be used by patients on a 
regular basis. Furthermore, its effectiveness is difficult 
to evaluate since a large number of patients in whom the 
method has been tested have been rape cases, and the 
certainty of pregnancy following rape is not thought to 
be very great (74). 


ADVERSE REACTIONS: THROMBOEMBOLISM 


The manifestations of adverse reactions (side effects) 
to oral contraceptives are not limited to abnormalities 
produced in the reproductive system, but rather they 
involve almost all systems of the body. Oral contra- 
ceptive therapy is rather unique since an abnormal, 
nonphysiological response in the normal reproductive 
system of the female is the therapeutic result. In addition 
to or perhaps as a consequence of this effect, other 
abnormalities, both mild and severe, may occur. In the 
following discussion, the term “side effect” will be 
used in its broadest form and will represent any change 
from normal in systems other than those specifically 
involved in the production of contraception. 


Side effects may be produced in three ways: (a) an 
abnormality may be produced directly by an effect of 
the drug on the tissue, (6) the effect may occur indirectly 
as a result of a change in endogenous hormonal balance 
produced by the drug, and (c )  the abnormality may be 
the consequence of a combination of (a) and (6). Un- 
fortunately, little concern has been given to determining 
which possibilities may be correct. 


Problems in Assessment of Side Effects-One major 
problem encountered in the assessment of the side 
effects of oral contraceptives is that the literature con- 
cerning this subject is controversial (76,77). This enigma 
seemingly has resulted from controversial data that 
have been published, and the problem has been com- 
pounded by biases from several sources. 


There are biases that are inherent in a particular type 
of investigation or reporting system. Such biases as are 
seen in retrospective epidemiologic studies, wherein 
patient records are searched to obtain data, have been 
identified in studies (78) concerned with the evaluation 
of side effects of oral contraceptives. They are usually 
considered normal and expected, and allowances can 
be made for them. 


However, certain other biases have had a marked 
effect on the investigations and on the conclusions 
drawn from them. These biases are not usual, meas- 
urable, or accountable for, and they arise from various 
sources. Some seem to have originated from personal 
prejudices on the part of certain investigators who 
allowed their prejudices concerning the “pill” to affect 
the design of their experiments, the reporting of their 
results, and the conclusions derived. Such prejudices 
are not surprising when one considers the polemic atti- 
tudes prompted by religious and social influences (79, 
80). 


Other biases, often termed diagnostic biases, are more 
insidious and may have contributed to the problem of 
assessing the side effects of oral contraceptives. Seigel 
(81) pointed out that the evaluation of data from case- 
control studies may be biased because the proportion 


of women hospitalized who take oral contraceptives 
may be larger than a corresponding group who do not. 
He ascribes this observation to the fact that oral con- 
traceptive users probably see their physicians more often. 
In addition, since both the physician and patient are 
likely to be aware of some of the undesirable effects of 
these agents, the women in this group may be diagnosed 
and hospitalized more readily than those in the general 
population. Therefore, the cases that come under 
scrutiny in these studies may yield a disproportionate 
number of incidences of adverse effects in oral contra- 
ceptive users. Seigel concluded that when analyzing 
studies of conditions such as thromboembolic dis- 
orders, particularly when they are not severe, the po- 
tential bias must be carefully assessed. 


The controversies and biases have been polarized 
further by influences from political arenas, various 
antipill factions, representatives of government agencies, 
and people of the news media seeking sensationalism 
(79, 82). The influence of these factors on the reported 
side effects of the pill and on the use of the pill itself 
was discussed by Kistner (79). Jeffcoate (83) stated: 
“At times, there has appeared to be almost a campaign 
to discredit the pill, and the views of prejudiced if well- 
meaning individuals have been given disproportionate 
emphasis and allowed to outweigh scientific evidence.” 


Another major problem particularly pertinent to the 
assessment of the common, minor side effects has been 
the paucity of double-blind clinical trails. Such testing 
procedures are essential to determine whether an ob- 
served effect is causally related to the drug or due to 
other factors such as psychological effects. In this type 
of procedure, the tablets containing drug and those 
containing an inert material, as well as the packages in 
which they are contained, are identical in appearance; 
the packages are identified by a code, the key to which 
is kept under seal. The obvious problem with this type 
of study is finding women who will agree to subject 
themselves to this randomized dosing, the consequence 
of which might be pregnancy. It is also difficult to find 
investigators who are willing to charge themselves with 
the responsibliity of conducting such a study. However, 
it is possible to find populations of women who are not 
at risk of pregnancy, such as prison inmates (84); al- 
ternatively, other contraceptive devices such as intra- 
uterine devices (85)  or condoms can be provided. Ob- 
viously, with the danger of pregnancy obviated, in- 
vestigators are less reluctant to conduct the experiment, 
and subjects can be found more easily. These double- 
blind clinical trials should be expanded to correlate the 
incidence of side effects with various dosages of the 
estrogens and progestagens, as well as with dosages of 
various combinations thereof. 


Another difficulty encountered in evaluating the 
Occurrence of side effects, which has made comparisons 
among data from different studies unreliable (86), is 
the variability in the protocols and reporting systems of 
these studies. No unified system or protocol exists; as a 
result, different variables are present in the various 
studies and often they are not fully described. These 
variables include: (a) a wide range of populations in 
terms of ethnic, cultural, and socioeconomic back- 
ground; (6) variations in patient management; and (c) 
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variations in the methods used for collecting, recording, 
and evaluating data (84). For example, in clinical trials 
with oral contraceptives, the “open-ended” approach 
is often utilized to obtain information from the patient, 
wherein the patient is requested to volunteer any in- 
formation concerning changes in her health status that 
she might have noticed. On the other hand, specific 
questioning about certain symptoms can be used; this 
probing type of question yields a higher incidence of 
side effects (85). 


In the area of rare, major side effects such as throm- 
boembolism, retrospective epidemiologic studies have 
been somewhat productive but few in number. Their reli- 
ability is open to question because of a lack of informa- 
tion concerning the incidence of many of the reported 
side effects in the general population (87), the small 
number of patients studied, and the lack of appropriate 
controls. Any disease that occurs in a normal popula- 
tion may also occur in a population that uses oral con- 
traceptives. The important question is whether or not 
it occurs more frequently in women using oral contra- 
ceptives (84). The above-mentioned problems were 
described at some length by Tietze (84). 


Although often used, the division of side effects of 
oral contraceptives into major and minor categories is 
arbitrary. Since the status of many side effects may 
change rapidly as new information is uncovered, no 
further designations of this type will be used. 


Thromboembolic Disorders-The first association 
between oral contraceptives and thromboembolism 
was reported in 1961 when Jordan (88) described the 
development of bilateral pulmonary embolism in a 
woman following the use of norethynodrel (10 mg.) 
with mestranol for the treatment of endometriosis. 
Symptoms developed in the right lung 10 days following 
the termination of treatment and in the left lung at 17 
days posttreatment. The patient also had been taking 
cyclizine and perphenazine to control the nausea pro- 
duced by the steroid drugs. Jordan stated that the nor- 
ethynodrel with mestranol might have provoked the 
pulmonary embolism and infarction. He made no 
reference to the possible effects of the other drugs. Later 
in the same year, two cases of fatal pulmonary embolism 
occurred in two young women taking oral contracep- 
tives (89). 


Subsequently, many cases such as these were reported 
in the literature, as well as to various government 
agencies both here and abroad. These thromboembolic 
episodes were reported most frequently in the lungs 
and the large leg veins, as well as in the coronary, 
cerebral, and mesenteric vessels. In 1963, Tyler (89) 
commented on 347 instances of thrombophlebitis that 
had been reported since 1961 in women using nore- 
thynodrel with mestranol for contraception. These 
isolated cases had been reported to the manufacturer 
of the contraceptive product. Thirty-five instances of 
fatal pulmonary embolism occurred during the same 
period. In his discussion of the latter, Tyler pointed 
out that other etiologic factors might have been in- 
volved. He recognized the fact that thrombophlebitis 
and pulmonary embolism could occur spontaneously in 
the general population but that no control figures for 
this spontaneity were available. 


Since thromboembolic disorders are known to occur 
in young women who do not use oral contraceptives 
(90), these isolated case reports cannot serve to establish 
a relationship between oral contraceptives and thrombo- 
embolism. 


One of the first organized efforts to determine whether 
a relationship might exist between thromboembolism 
and the use of oral contraceptives was a conference 
sponsored in 1962 by G. D. Searle and Co. (90). The 
participants’ comparisons of the incidence of thrombo- 
embolism in oral contraceptive users and in the general 
population yielded no evidence to suggest a causal 
relationship between oral contraceptive therapy and 
thromboembolism. 


In 1963, a committee of nine medical experts, as- 
sembled by the Food and Drug Administration (FDA), 
reported a study of 350 cases of thromboembolism in 
women using norethynodrel with mestranol. These 
cases included those reported both to FDA and to the 
manufacturer. The members of the committee reviewed 
the pertinent literature and conducted experiments in 
their own laboratories pertaining to hypercoagulability. 
They concluded that there was no evidence that this 
contraceptive preparation produced hypercoagula- 
bility and that there was no significant increase of 
thromboembolic deaths in the oral contraceptive users 
(9 1 ). 


In 1965, Cahal(92,93) reported that in the 12 months 
ending August 31, 1965, 16 thromboembolic deaths in 
oral contraceptive users had been reported to the Com- 
mittee on Safety of Drugs in England; only 13 would 
have been expected, based both on the estimated occur- 
rence in the general population and also on a round, 
theoretical figure of 400,OOO oral contraceptive users. 
Cahal admitted that the accuracy of the latter figure 
was open to question and that the incidence of deaths 
might have been underreported. Cahal went on to 
point out that when the deaths due to thromboembolism 
were further subdivided according to site of the em- 
bolism, eight were found to have occurred in the lung in 
contrast to the two that would have been expected on 
the basis of mortality statistics found in the Registrar 
General’s Statistical Review. Cahal himself concluded 
that the numbers involved were too few to state that 
the differences were meaningful. 


Weatherall (94) was critical of Cahal’s estimate of 
two expected instances of death due to pulmonary 
embolism in the general population, pointing out that 
pulmonary embolism commonly was not reported as 
an underlying cause of death when it occurred during 
some other disease. She stated that because of the 
method of reporting, only approximately 1 3 x  of the 
instances in which pulmonary embolism was the under- 
lying cause of death were being reported as such; there- 
fore, the estimate of death due to pulmonary embolism 
given by Cahal was seven times too low. However, in 
1969, Vessey (90) quoted without qualification the 
fourfold difference in pulmonary embolism Occurrence 
between users and nonusers that had been reported by 
Cahal. 


In 1966, the Advisory Committee on Obstetrics and 
Gynecology of FDA issued its first report (95). Using 
similar basic data and procedures as the earlier ad hoc 
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committee (91), this group calculated that on the basis 
of the estimate of users in 1962, 1,187,000, the expected 
mortality rate from pulmonary embolism would be 12. 
They adjusted the latter figure to 10 since they felt the 
estimated number of users might have been inflated. 
The actual number of such deaths reported to FDA 
was 13; this difference was not statistically significant. 
On the basis of these figures, 13 reported and 10 ex- 
pected, a relationship very similar to that found by the 
earlier adhoc committee was evident. 


This group also pointed out that since the number of 
oral contraceptive users had increased from 1 , 187,OOO 
in 1962 to 5,000,000 in 1966, the number of deaths from 
pulmonary embolism should have increased to 50. How- 
ever, the reported number was 13, exactly the same as 
in 1962. This discrepancy was thought to be due to gross 
underreporting, which they attributed to physicians 
becoming increasingly fearful of reporting adverse re- 
actions and deaths because of possible legal reprisals. 
It was further pointed out that mortality statistics 
probably were unreliable, since the reporting of the 
underlying causes of death was left to the judgment and 
conscientiousness of the certifying physician, and these 
might vary with the physician. The discrepancy also 
could be due partly to a greater awareness of adverse 
reactions leading to more rapid diagnosis and treatment. 


The Advisory Committee concluded that the data 
derived from mortality statistics were inadequate to 
determine an association between oral contraceptives 
and thromboembolic disease. However, they indicated 
that if the oral contraceptives were involved in the 
pathogenesis of thromboembolic disease, the incidences 
were very infrequent. The group suggested a need for 
well-controlled epidemiologic studies. 


All of the foregoing studies were of the retrospective 
type. Vessey (90) pointed out that such studies suffer 
from an absence of comparable control data and also 
depend upon reported episodes of thromboembolism. 
He agreed with the Advisory Committee (95) that gross 
underreporting was a problem. 


In 1961, the Records Unit and Research Advisory 
Service of the Royal College of General Practitioners in 
England (96) organized the recording of diseases by a 
number of general practitioners. Each of 29 practitioners 
made note of every woman in his practice, age 15-49, 
who had suffered a new episode of various thrombo- 
embolic disorders. The practitioner also categorized the 
thromboembolic disorder into one of 14 groups. Some of 
thesecategories took into account the pregnant and puer- 
peral states. 


Two control patients were selected for each thrombo- 
embolic patient. The controls were matched for age 
(within 5 years), parity, and marital status. At the inter- 
views, the patients were questioned as to the type of 
contraceptive used prior to and at the time of the epi- 
sode, as well as to the length of time that the form(s) of 
contraception had been used. There were 147 “affected” 
patients as well as 294 controls. It was found that a 
statistically significant excess of oral contraceptive 
users existed in the affected group as compared with the 
control group. The excess was present for superficial 
thrombophlebitis and generally for conditions on the 
venous side of the circulation. Data for the arterial side 


of the circulation were insufficient to give significant 
results. The data also indicated an increase in thrombo- 
embolic disorders for women in the pregnant and puer- 
peral states. The investigators concluded that the latter 
conditions were associated with a fourfold increase in 
thromboembolic disorders and that oral contraceptive 
use was associated with a twofold increase. In addition, 
the study pointed out that the incidence of venous 
thromboembolic disease increased with age and parity. 
The authors acknowledged that the number of patients 
in their study was small and pointed out that prospec- 
tive studies might provide more reliable data. 


In 1968, Inman and Vessey (97) reported on their 
studies of thromboembolic deaths occurring during 
1966. Four hundred ninety-nine death certificates of 
20-44-year-old women were obtained in which throm- 
bosis or embolism of the pulmonary, cerebral, or 
coronary vessels or peripheral venous thrombosis was 
mentioned. If thromboembolism was a terminal 
event in the course of another fatal disease, the case was 
not used. Many other cases were omitted for a variety 
of reasons, such as: (a) the attending physicians were 
not available, (b) some patients had not been registered 
with a doctor or hospital, and (c) some individuals were 
not at any risk of pregnancy. The number remaining 
after all exclusions, which formed the basis of the report, 
was 334. These were subdivided as follows: 95 at- 
tributed to pulmonary thrombosis or embolism, 209 t o  
coronary thrombosis or myocardial infarction, and 30 
to cerebral thrombosis or embolism. 


Each death was investigated by a medical officer who 
completed a questionnaire with the assistance of the 
physician who had attended the patient during her 
terminal illness. The information obtained in the ques- 
tionnaire was supplemented by hospital case notes and 
postmortem reports. In addition to data concerning the 
fatal case, the physician also supplied information con- 
cerning four to six controls who were of similar age and 
parity. In all, 998 controls were used in the analysis. 


Since many conditions were believed to be predis- 
posing toward thromboembolic disorders, the ques- 
tionnaires were assessed and divided into three cate- 
gories: Class A, patients with no predisposing condi- 
tions; Class B, patients with known predisposing condi- 
tions who were neither pregnant nor puerperal; and 
Class C, patients who were pregnant or who had been 
delivered during the month before the onset of the 
episode; this last class was not discussed in this paper. 
An important fallacy of this paper was that no informa- 
tion was obtained about the health of the control 
women. 


The results showed that 77 deaths occurred from 
pulmonary embolism. Of these, 26 were in Class A, 16 
of whom had been taking oral contraceptives; 4.2 would 
have been expected from the control group data. The 
difference between the two was stated to be highly 
significant (p < 0.001). Fifty-one deaths were noted 
in Class B; however, since there was uncertainty con- 
cerning the use of oral contraceptives by two of the 
women, only 49 were used for tabulation. Of the 49, 
nine had been using oral contraceptives whereas 6.8 
would have been expected. This difference was not 
significant. 
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Coronary thrombosis was implicated in 205 deaths, 
89 of which were in Class A. The authors reduced the 
number to 84 since the history of oral contraceptive use 
was doubtful in five patients. Of the 84, 18 deaths oc- 
curred in users while 11.4 would have been expected. 
This difference was not statistically significant. The 
number of 116 patients in Class B was reduced to 110 
because of uncertainty of oral contraceptive use. Only 
five of the 110 had been using oral contraceptives 
whereas 12.6 would have been expected. 


Twenty-seven deaths were attributed to cerebral 
thrombosis, 10 in Class A and 17 in Class B. Five of the 
10 patients in Class A had been using oral contracep- 
tives whereas 1.5 would have been expected; this differ- 
ence was statistically significant. Of the 17 patients in 
Class B, one was excluded because of a poor history of 
oral contraceptive usage. None of the other 16 had used 
oral contraceptives. 


In summary, the authors stated that a strong relation- 
ship existed between the use of oral contraceptives and 
death from pulmonary embolism or cerebral throm- 
bosis, but not from coronary thrombosis, in the absence 
of predisposing conditions (Class A). In the presence 
of predisposing conditions (Class B), no significant 
relationship was found to indicate an increased number 
of deaths from any type of thromboembolism, although 
one might theoretically have been expected. In fact, 
for coronary thrombosis a statistically significant dif- 
ference was found that indicated a decrease in the num- 
ber of deaths associated with this type. As a possible 
explanation, the authors suggested that physicians 
might have been reluctant to prescribe oral contra- 
ceptives for women suffering from serious chronic 
diseases. However, since the health status of the con- 
trols was not known, this group was not divided into 
classes as was the thromboembolic group. Therefore, a 
more legitimate summary statement would involve a 
comparison of Class A plus Class B u e r m  the controls. 
When this comparison was made, a statistically signifi- 
cant difference between oral contraceptive use and 
thromboembolism was seen only where pulmonary 
embolism was involved. 


In the same issue of the British Medical Journal, 
Vessey and Doll (98) reported the results of another 
study concerning women admitted to 19 general hospi- 
tals for deep vein thrombosis and pulmonary embolism. 
The nosological index of each hospital was searched 
and case notes were reviewed relating to women who: 
(a)  had been hospitalized in 1964-1966, (b) were 16 to 
40 years old, and (c) had been diagnosed as having 
suffered from thromboembolic diseases in any vein 
except the cerebral, coronary, hepatic, or mesenteric. 
Patients having had pulmonary embolism or infarction 
were included. Women were excluded if they: ( a )  were 
single or widowed, (b)  had a predisposing condition, 
(c) were pregnant, postmenopausal, or sterilized, (6) 
had suffered only superficial thrombophlebitis, or (e)  
had died. Two case controls were obtained for each 
aft’ected patient. Those selected were suffering from an 
acute medical or surgical ailment and matched the 
affected patient with regard to hospital, date of admis- 
sion, age, parity, and absence of attributes that had 
been used to exclude patients from the affected group. 


Patients were interviewed in their homes by a medical 
social worker. 


For the 3-year period, 399 patients were found who 
had suffered pulmonary embolism or venous throm- 
bosis. After exclusions were made for the reasons 
described, only 61 patients remained in the study; 122 
controls were selected. Three sets of patients were lost 
for various reasons, so the study group contained 58 
affected patients and 116 controls. 


The results showed that 26 of 58 (45x) patients 
admitted for deep vein thrombosis or pulmonary embo- 
lism had been taking oral contraceptives during the 
month before the start of the episode; in the control 
group admitted for other conditions, 10 of 116 ( 9 x )  
had been taking them. The difference was highly signifi- 
cant (p < 0.001). Further comparison of the data sug- 
gested that in the presence of a history of previous 
thromboembolic disease, use of oral contraceptives 
did not lead to further thromboembolic episbdes. 


The type of preparation used was known for 23 
affected patients and for eight controls; none had used 
the sequential type. Without giving specific data, the 
authors stated that there was no indication that any one 
preparation was more likely to produce thromboembo- 
lism than another. 


Finally, based on hospital admission records, Vessey 
and Doll (98) estimated the incidence of venous throm- 
boembolic disease to be approximately 5/100,000 in 
nonusers of oral contraceptives and 47/100,000 in 
users; in other words, the calculated risk of hospital 
admission for this disease was nine times greater in oral 
contraceptive users. 


The investigation was amplified further to study the 
incidence of cerebral thrombosis and coronary throm- 
bosis, using the same criteria and protocols already 
described. Only nine patients were available who had 
had a confirmed cerebral thrombosis. Five of the nine 
had been using oral contraceptives for periods of from 
1 week to 4 years immediately prior to becoming ill. 
The expected number from the control group data was 
one. Despite these few patients, the authors stated that 
the difference between the two groups was statistically 
significant. 


Thirteen women were available who had suffered a 
coronary thrombosis. None of these had taken oral 
contraceptives during the month before the onset of the 
disease, a figure not statistically different from that of 
0.7 obtained from the control data. 


In a later article, Vessey (90) stated that these three 
British studies (96-98) were subject to the usual prob- 
lems of case-control studies, but that their statistical 
inadequacies were less than those of earlier studies. 


A “leading article” (99) published simultaneously in 
the same journal also reviewed the three British studies 
(96-98). Three conclusions were presented that had been 
drawn from the results of those studies as well as from 
data from studies (100,101) in which estrogens had been 
used for purposes other than contraception: ( a )  
sequential preparations might be more dangerous since 
they contained more estrogen than the combined type, 
(b)  the continuous low dose progestagen technique 
might afford a means of avoiding the thromboembolic 
effects, and (c) the administration of estrogens for any 
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purpose, particularly when given in high doses or for 
long periods, carried a definite risk. 


Strong objection to these conclusions was voiced by 
Reid (102) who claimed that this article led to a minor 
panic in Australia. In particular, he objected to the 
conclusion that the estrogenic component primarily was 
responsible for thrombosis, since Vessey and Doll (98) 
had not been able to show such a difference. In addition, 
the other evidence referred to was concerned with 
ethinyl estradiol given to men in doses higher than those 
used in women for contraception (100) and with an 
estrogenic substance other than those used in oral con- 
traceptives and which had been used in higher than 
equivalent contraceptive doses (101). 


Vessey and Weatherall (103) estimated the mortality 
rates due to venous thromboembolism for the years 
1963-1967 based on known mortality rates per million 
per annum for the years 1953-1962. Separate data for 
males and for females were further subdivided for four 
age groups. The actual mortality rates were higher than 
predicted in three groups: 35-44-year-old males, 20- 
34-year-old females, and 35-44-year-old females. The 
authors acknowledged that the slopes of the regression 
lines they fitted to the data were subject to considerable 
standard errors, especially at the lower ages, although 
they did not include their values. They also suggested 
that similar factors could have been operating in all 
three groups to increase their mortality rates. Neverthe- 
less, they felt that the increased mortality in the two 
groups of females was sufficiently high to be accounted 
for at least partly by the use of oral contraceptives. 


In 1968, Drill and Calhoun (104) summarized data 
from a number of sources in an effort to determine the 
incidence of thromboembolic disease (thrombophlebitis 
and thromboembolism) during pregnancy, the puer- 
perium, and oral contraceptive use, as well as in non- 
pregnant nonusers of oral contraceptives. They found 
that in nonpregnant women, 20-44 years of age, the 
natural incidence of thrombophlebitis, based on hospi- 
tal admissions, was 0.91 (range 0.65-1.08)/lOOO women/ 
year. This mean was derived from averages of data for 
1947- 1962 obtained from three independent sources. 


Drill and Calhoun were critical of the figure given by 
Vessey and Doll (98). The latter investigators had de- 
rived a figure of 0.05 case/lOOO women/year in non- 
pregnant women, 16-40 years old. Drill and Calhoun 
stated that this rate was not comparable with results 
obtained in other studies. They concluded that the most 
satisfactory estimate was approximately 1/1000/year 
based on data from hospital admissions. When the 
incidence was based on patients' visits to the physician, 
the mean of the averages from five independent sources 
for 1955-1966 was 2.2 (range 1.2-3.0) cases/l000 
women/year. 


The incidence of thromboembolism in the puer- 
perium reported for European studies was 10.4 (range 
4.0-21.5) cases/l000 deliveries, while in the United 
States the incidence was 3.1 (2.6-6.4). Drill and Calhoun 
(104) pointed out that if these figures were extrapolated 
to a yearly basis, they would be even higher than the 
figure for nonpregnant women. 


During the antepartum period, the incidence was 
found to be considerably below that in the postpartum 


period. The incidence of thrombophlebitis in the ante- 
partum period, based on 379,766 pregnancies reported 
in 15 studies, was 0.56 * 0.15 case. When this figure was 
extrapolated from the 9-month period to 1 year, the 
rate became 0.74/1000 woman-pregnancies/year. The 
authors pointed out that the incidence in the ante- 
partum period was approximately one-half that found 
in nonpregnant females of childbearing age when based 
on data from hospital admissions and approximately 
one-fourth that found in similar women when based 
on data from visits to physicians. 


Drill and Calhoun pointed out that in early reports 
published between 19561959, norethynodrel with 
mestranol was used in doses of 20-30 mg. (norethyno- 
drel)/day for various menstrual disorders but that no 
thrombophlebitis was reported. A compilation of 29 
of the early (1959-1966) major studies with norethyno- 
drel and mestranol revealed one case of thrombophle- 
bitis in 4271 woman-years of use, yielding a calculated 
incidence of 0.23 case/1000 women/year. In these studies 
the doses of norethynodrel ranged from 2.5 to 10.0 mg. 
In 16 studies in which norethindrone (2.0-10.0 mg.) 
with mestranol was used, three instances of thrombo- 
phlebitis were found during 4427 woman-years of use, 
yielding a calculated figure of 0.68 case/1000 women/ 
year. 


Drill and Calhoun also compiled the data from six 
major studies, reported between 1962 and 1965, which 
employed eight different contraceptive preparations 
and encompassed a total of 50,781 woman-years of use. 
A total of 28 cases of thrombophlebitis occurred in the 
entire group, providing an incidence rate of 0.55 f 0.37 
(range 0-3.7) case/lOOO women/year. They stated that 
taken singly or totally the data from these studies did 
not provide any evidence of a relationship between 
oral contraceptives and thrombophlebitis. 


The authors were critical of the 1967 study conducted 
by the Royal College of General Practitioners (96) be- 
cause the matching of affected patients with controls 
had not been exact. Also, if the two affected patients 
who had stopped taking their oral contraceptives more 
than a month prior to the episode were dropped from 
the list, and if a figure of 10% were estimated for use 
of oral contraceptives in the general population, an 
incidence rate of 2.4 would be obtained. This overall 
rate would be well within the normal range. 


Drill and Calhoun (104) also pointed out that the 
final figure arrived at by Vessey and Doll (98) for the 
estimate of risk of thromboembolic disease in oral con- 
traceptive users, as judged from data on hospital ad- 
missions, was 0.5 case/1000 women/year in comparison 
with their figure of 0.55. 


Studies involving the use of oral contraceptives for 
the treatment of endometriosis, in doses greater than 
those used for contraception, also were described by 
Drill and Calhoun (104); 456 patients were reported 
to have been treated on a continuous basis without a 
single report of thrombophlebitis. 


Mortality statistics were presented for deaths due to 
thromboembolic disease and to pulmonary embolism 
in 20-44-year-old men and women in England and 
Wales for 19561966. The apparently slight increase 
over the 10-year period existed for both men and 
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women; as a result, there was no significant change in 
the ratio of deaths in women to those in men. 


Data concerning the incidence of pulmonary embo- 
lism, both idiopathic and with other factors present, in 
young adults at a London Hospital for 1954-1964 also 
were presented by Drill and Calhoun. There was a 
significant increase over that time period. However, 
they pointed out that similar numbers of males and 
females had been involved, and that none of the females 
had been taking oral contraceptives. 


Seigel and Markush (105) reviewed U. S. mortality 
statistics in which various thromboembolic diseases 
were involved. They stated that the mortality trends in 
this country were consistent with those shown by the 
British studies, which indicated an association between 
oral contraceptives and venous thrombosis. As in the 
British studies, an association with coronary thrombosis 
was not shown. However, the U. S. trends, unlike the 
British ones, did not suggest a relationship with cerebral 
embolism and thrombosis either. The relative risk of 
death from venous and pulmonary embolism estimated 
by Seigel and Markush was of the same order of magni- 
tude as indicated in the British studies. 
In 1969, Vessey and Doll (106) published a subse- 


quent report of their findings which was a continuation 
of the study described previously (98); the same pro- 
cedures were used throughout and similar results were 
obtained. Data obtained on 26 additional patients were 
added in this study to those obtained from the original 
58 patients; in addition, several other factors were 
examined. For example, a comparison was made of the 
number of patients affected with thromboembolism and 
the number that would have been expected to be affected 
with regard to the type of oral contraceptive combina- 
tion used. Seven combinations of two estrogens and 
seven progestagens had been used by the group. None 
had used sequential products, and no doses for the 
combined products were given. The authors concluded 
that the data did not provide any evidence that the 
risk of thromboembolism might be greater with prep- 
arations that they believed to be more inherently 
estrogenic. The data were reviewed in an attempt to 
determine whether the duration of use of the oral con- 
traceptives at the time of onset of the attack might be 
a determining factor. The data did not suggest to them 
that either short-term or long-term use might carry a 
greater risk of producing thromboembolism. 


In their earlier report, Vessey and Doll (98) noted 
that the affected patients, on the average, were heavier 
smokers than were the controls. In this study, they found 
no evidence to verify the earlier findings. Frederiksen 
and Ravenholt (107) retabulated the data of Vessey 
and Doll (98, 106) and concluded that these data could 
not be used as evidence against the possibility that 
cigarette smoking could potentiate the role that oral 
contraceptives might play in the pathogenesis of throm- 
boembolism. 


Crombie and Cross (108) were critical of Vessey and 
Doll’s report (106). They suggested that most of the 
difference between the higher estimate of risk of throm- 
boembolism in oral contraceptive users supplied by 
Vessey and Doll and their own lower estimate could be 


attributable to an increased hospital admission rate, on 
the order of 2.5 :1, for users as opposed to nonusers. 


Hougie (109) also was critical of the estimated nine- 
fold increase in thromboembolic disease in oral con- 
traceptive users given by Vessey and Doll. He quoted a 
study in which a methodical examination of one lung 
resulted in the finding of pulmonary emboli in 52% of 
263 autopsy cases while routine autopsy procedures on 
the other lung revealed pulmonary emboli in only 12 %. 
Since the possibility that oral contraceptives might be 
implicated in thromboembolism had been recognized 
by the medical profession since 1962, Hougie suggested 
that more extensive physical examinations and autopsy 
procedures might have been carried out on users as 
opposed to nonusers in an effort to find evidence of 
thromboembolism. 


Sartwell et al. (1 10) reported in 1969 on an epidemio- 
logic, retrospective, case-control study conducted in 
five large eastern cities in the United States. This study 
involved 15-44-year-old women who had been dis- 
charged from 43 hospitals within the previous 3 years 
following a thromboembolic episode of any type. From 
their hospital histories, cases were excluded on the 
following grounds: a chronic condition thought to be 
predisposing to thromboembolism, recent trauma or 
surgery, pregnancy, sterility, and conditions that might 
be considered as contraindications to oral contraceptives. 
Some cases were excluded later because of uncertainty 
of diagnosis, prior attack of thrombophlebitis, or evi- 
dence of some predisposing condition. Of 2648 records 
of cases of thromboembolism abstracted at the hospi- 
tals, 2387 were rejected because of the reasons given 
above; only 175 cases with an unequivocal diagnosis of 
idiopathic thromboembolism were finally accepted. 


Married control patients were individually matched 
with the cases for age within 5 years, residence, race, 
parity, hospital room pay status (private, semiprivate, 
or ward), and discharge from the same hospital within 
the same 6-month period. The same exclusions, on the 
basis of infertility or chronic disease, were also applied 
to the controls. During the study, however, in three of 
the cities, unmarried cases and controls were included 
because: “it had become evident that idiopathic 
thromboembolism was relatively frequent among 
younger, unmarried women, and it seemed unwise to 
disregard this source of case material.” 


The most common thromboembolic problem was 
thrombophlebitis of the lower extremity (1 15 cases) 
followed by thrombophlebitis with pulmonary embo- 
lism (19 cases), pulmonary embolism (18 cases), intra- 
cranial or carotid vascular lesion (13 cases), retinal 
vascular lesion (six cases), and thrombophlebitis at 
other sites [four cases). Coronary artery disease was not 
represented. 


The relative risk of thromboembolism was determined 
by dividing the number of instances, 57, in which only 
the case had used oral contraceptives by the number of 
instances, 13, in which only the control had used them. 
By using this formula, a relative risk of 4.4 was deter- 
mined. Sartwell et al. (1 10) pointed out that 26 of the 
cases were student nurses, all of whom had thrombo- 
phlebitis of the lower extremity and only two of whom 
had used oral contraceptives. They suggested that some 
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hospital jobs that involved standing on one’s feet for 
considerable periods might be conducive to thrombo- 
phlebitis of the lower extremities. 


A comparison of the period of use of the oral con- 
traceptive preparations ranged from between less than 
1 week to 2 years before admission. There was no evi- 
dence to indicate an increased risk with use up to 2 
years. 


The oral contraceptive preparations used in this study 
included three sequential products and nine combina- 
tion products. The doses of estrogen ranged from 50 to 
150 mcg. (mestranol) or 50 to 100 mcg. (ethinyl estra- 
diol), and doses of seven different progestagens ranged 
from 1.0 to 25.0 mg. To determine whether either the 
combined or sequential products might show a greater 
propensity toward producing thromboembolism, a 
comparison of these two types of products was made. 
Fifteen cases and no controls had used the sequential 
type; the corresponding numbers for the combination 
products were 48 and 23, respectively. It was concluded 
that these ratios displayed a statistically significant 
dill erence. Furthermore, in the group of sequential 
users, seven of 15 developed pulmonary embolism. 
However, the doses of mestranol were higher in some 
of the combined preparations than in the two sequential 
products containing this estrogen. No additional in- 
formation was given to indicate an association, or a 
lack thereof, between any of the other disorders and 
any of the preparations. 


Inman et al. (1 1 1) analyzed reports of thromboembo- 
lism, following the use of oral contraceptives, received 
by drug safety committees in the United Kingdom, 
Sweden, and Denmark. The purpose was to determine 
whether the risk of thromboembolism might be related 
to the nature and/or doses of the steroids in the various 
preparations. The numbers of reports attributed to each 
product were compared with the distribution that would 
have been expected based on market research estimates 
of sales, assuming that all products carried the same 
risk. 


In comparing sequential uersus combined prepara- 
tions containing corresponding doses of ethinyl estradiol 
or mestranol, Inman el af. (1 11) found no evidence to 
indicate that either type of preparation might have had 
a greater propensity to produce venous or arterial 
thromboembolism. In contrast, a comparison of the 
number of reports of thromboembolism with various 
doses of the two estrogens showed a consistently higher 
number of reports in which preparations containing 
higher doses of the estrogens were used. This trend was 
observed for cases of pulmonary embolism, cerebral 
thrombosis, and coronary thrombosis. 


Observed and expected reports of thromboembolic 
disorders in patients using 12 different combinations of 
estrogen and progestagen were presented. These in- 
volved doses of mestranol of 50, 75, 100, and 150 mcg. 
and doses of ethinyl estradiol of 50 and 100 mcg., in 
combination with one of six different progestagens. No 
two preparations contained the same dose of any pro- 
gestagen and, therefore, no direct comparisons could 
be made. Furthermore, the total number of patients 
using the preparations varied from less than 15 up to 
76; as a result, when thromboembolism was categorized 


into four different types, there were often less than six 
affected patients per preparation. Nevertheless, the 
authors pointed out a “significant” deficit of reports in 
all categories of thromboembolism for the combination 
of mestranol (100 mcg.) and norethynodrel (2.5 mg.), 
in comparison with other combinations of progestagens 
with this dose of mestranol. Also, a “significantly 
higher” number of reports of venous thromboembolism 
was found for the combination of ethinyl estradiol (50 
mcg.) and megestrol acetate (4 mg.) when the latter 
was compared with other combinations of progestagens 
with the same dose of ethinyl estradiol. The authors 
suggested that such inconsistencies might represent an 
influence of the progestagenic components. 


It was concluded in this study that there was a posi- 
tive correlation between the risk of thromboembolism 
and the dose of estrogen but that there was no difference 
between the two estrogens, nor between the combined 
and sequential products when these products contained 
the same type and dose of estrogen. 


Nanni (1 12) criticized this study because it had been 
based on voluntary reports from physicians and because 
no patient control data had been used. He also objected 
to the use of a market research estimate of sales as a 
substitute for control data. 


Anderson (1 13) compared mortality rates for women, 
15-44 years old, in Ontario, Canada, for 1959-1961, 
when oral contraceptives had not been used, and for 
1966-1968, the most recent period of contraceptive 
use for which mortality statistics were available. He 
estimated that 20-30x of the women in the age group 
studied during the second time period had used oral 
contraceptive preparations. 


According to Anderson, the death rate from venous 
thromboembolic disease had increased from 0.32/ 
100,OOO womenlyear in 1959-1961 to 0.97 in 1966-1968 
(+ 200 x); the corresponding increase for men was 
from 0.36 to 0.45/100,000 men/year (+25%). The 
increase in mortality attributed to cerebral thrombosis 
was from 0.24 to 0.38 (+58z) for women and from 
0.29 to 0.34 (+ 17z) for men. Increased mortality due 
to thromboembolic disease in other vascular beds was 
not evident. 


This retrospective study did not utilize case controls 
of any type. Furthermore, the author stated that it was 
well recognized that the validity of diagnostic informa- 
tion on death certificates often was doubtful. However, 
he felt that if a causal relationship did exist between 
oral contraceptives and thromboembolism, “it would 
be surprising if the new treatment did not eventually 
result in a change in the death rate.” 


Anderson pointed out that although the oral con- 
traceptives seemingly had caused a large percentage 
increase in venous thromboembolism and cerebral 
thrombosis, these causes of death represented a very 
small fraction of the total mortality for that age group. 
Furthermore, the decrease in mortality rate associated 
with pregnancy and childbirth was much greater than 
the increase in mortality supposedly produced by oral 
contraceptives. 


In contrast to previous studies that had merely de- 
termined the incidence of thromboembolic disease, Irey 
el at. (114) conducted a study concerning the type of 
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pathological lesion found in the blood vessels of women 
who had suffered from thromboembolism. Blood vessels 
from 20 women who had succumbed to thromboembo- 
lism while taking oral contraceptives were studied 
histologically and compared with similar preparations 
from 22 women in the same age category who had not 
been taking oral contraceptives but who had died from 
diseases associated with thrombosis and thromboembo- 
lism. The oral contraceptive users ranged in age from 
18 to 41 years. Fifteen were white and five were black, 
and none had conditions thought to be predisposing to 
thromboembolism. The duration of use of the oral con- 
traceptives ranged from 5 weeks to 13 months; two 
patients had been taking sequential preparations, and 
15 others had been taking the combined type. Nine of 
the patients had also been taking other drugs including 
tranquilizers, anorectics, thyroid extract, and cortisone. 


For the oral contraceptive users, distinctive vascular 
lesions in association with thrombosis were widely 
distributed in the arteries and veins. These lesions were 
characterized by the following intrinsic vascular 
changes: (a) three-layered thrombi of at least 1 week’s 
duration, with underlying structural and microscopic 
changes (19 instances); (b) endothelial proliferation and 
intimal thickening, with no changes in the media and 
adventitia (four instances); and (c)  focal nodular thick- 
ening of the intima, media, and adventitia (one in- 
stance). Vascular lesions without occlusive thrombi were 
present in four patients, indicating that the changes in 
the blood vessels were primary. 


In the control group, intrinsic vascular lesions re- 
sembling those found in the oral contraceptive users 
were found in only one patient. This woman had suf- 
fered from pulmonary hypertension associated with con- 
genital heart disease. Further inquiries concerning this 
patient revealed that she had been taking an oral con- 
traceptive for 6 weeks prior to her death. 


It was concluded from this study that although further 
studies were necessary to establish a causal relationship 
between the ingestion of steroid hormones and intimal 
hyperplasia, the consistent finding of these vascular 
changes in oral contraceptive users, as opposed to a 
lack of such changes in nonusers, suggested that such a 
relationship might indeed exist. 


Opposed to the findings of the retrospective, epi- 
demiologic British studies, results from other studies 
have been in agreement with the conclusions of Drill 
and Calhoun (104) that there is no causal relationship 
between oral contraceptive use and thromboembolism. 
For example, in 1970, Fuertes-de la Haba et al. (1 15) 
reported the results of an investigation of the causes of 
death in a group of women in Puerto Rico. From July 
1961 to May 1969, 9633 women participated in the 
study (Project Population). 


The women were distributed randomly into an oral 
contraceptive group (4846) and a vaginal group (4787). 
The oral group received norethynodrel 5 mg. with 
mestranol, and those in the vaginal group were provided 
with a vaginal contraceptive method excluding any 
form of intracervical or intrauterine device; pertinent 
instructions were given. The women also were given a 
comprehensive medical survey which included: (a) 


medical and socioeconomic history; (b) complete physi- 
cal examination; (c) urinalysis; (d) cervical cytologic 
study; and (e) determination of hematocrit, 17-keto- 
steroids, and sulfobromophthalein (BSP) retention. 
The women returned at 2 month intervals, following the 
initial survey, to receive more contraceptive material 
and a health questionnaire. At yearly intervals they 
received a physical examination, urinalysis, and blood 
study, unless some abnormality had developed which 
demanded more frequent attention. 


As of May 1969,87% of the patients were under active 
supervision. Of the remainder, some had moved to other 
areas of Puerto Rico or the United States, some had 
been contacted but had not returned for the followup 
examination, and others had died from a variety of 
causes. Of the 30 verified deaths, 12 had occurred in 
the oral group and 18 in the vaginal group. When the 
death rates were averaged over the 8-year period of the 
study, the rate for the oral group was 4.0/10,000 and 
that for the vaginal group was 7.5/10,000. Therefore, 
the authors concluded that the data did not support the 
contention that mortality increases among oral con- 
traceptive users. 


Several months later, Fuertes-de la Haba el al. (1 16) 
published a subsequent paper involving the same indi- 
viduals discussed previously (1 1 9 ,  but data from 265 
additional women were included. This report concerned 
the occurrence of thrombophlebitis in users and non- 
users of oral contraceptives. Lists of patients diagnosed 
as having thrombophlebitis since the start of the experi- 
ment were obtained from all hospitals where the clinics 
were located and matched against the patient list of the 
study. Forty-eight cases of thrombophlebitis were 
found, and these patients were interviewed and ex- 
amined by an internist. Of these, 31 were excluded for 
various reasons, including: (a) having no verification 
of the disease, (b) having had the disease before entering 
the study, and (c )  being postpartum. Of the remaining 
17, eight were from the control (vaginal) group and 
nine from the oral group. 


The incidences of thrombophlebitis in the oral group 
and in the control group were 1.8/1000 and 1.6/1000, 
respectively; the difference was not statistically signifi- 
cant. The relative risk also was calculated after con- 
trolling for variables such as age and number of cycles 
of treatment; again no significant difference was found 
between the oral and control groups with respect to the 
risk of developing thrombophlebitis. 


To determine the effect, if any, that oral contracep- 
tives might have on the occurrence of pulmonary 
embolism in supposedly healthy persons, Zimmerman 
ef al. (1 17) reviewed the records concerning this condi- 
tion, of the Cuyahoga County Coroner’s Office, for 
two periods of time: January 1, 1951, to July 31, 1962, 
before oral contraceptive use was introduced, and 
August 1, 1962, to December 31, 1969, during which 
period these drugs were used extensively. Persons in- 
cluded in the study were of either sex and between the 
ages of 15 and 45 years at the time of death; persons 
who had had a condition that might have led to pul- 
monary embolism were excluded. 


During the first period, there were 28 cases of un- 
expected death due to pulmonary embolism: 10 in men, 
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13 in nonpregnant women, and five in pregnant women; 
figures for the second period were five, 10, and two, 
respectively. The crude death rate based on the 1960 
census figures were as follows: for the first period, 
2.55/1,000,000 for men, 3.04 for nonpregnant women, 
and 4.20 for all women; for the second period the 
figures were 2.16/1 ,OOO,OOO, 3.96, and 4.76, respectively. 
No significant difference existed between the frequency 
in men and nonpregnant women during either period, 
nor between the death rates of nonpregnant women 
when the two periods were compared. The authors con- 
cluded that this study did not reveal a significant in- 
crease in death due to pulmonary embolism in non- 
pregnant women since the time of introduction and 
widespread use of oral contraceptives. 


Goldzieher (1 18) examined 23,217 subjects who were 
using a sequential type of oral contraceptive. The sub- 
jects were required to make monthly visits to clinics or 
Planned Parenthood Centers to obtain their contra- 
ceptive supplies and were followed intensively through 
363,469 cycles, an average of 16 months per patient. 
Seventeen instances of thrombophlebitis occurred, 
producing an incidence of 0.56/1000 women/year. As 
the author pointed out, this figure was strikingly similar 
to the figure given by Drill and Calhoun (104) for the 
control population and for the incidence found in users 
of the combination type of oral contraceptives. 
In 1970, Goldzieher (80) critically reviewed the evi- 


dence associating oral contraceptives with thrombo- 
embolism. He stated that statistical studies of the type 
presented in the British and American retrospective, 
epidemiologic studies did not establish causal rela- 
tionships but simply established strengths of correla- 
tion, a fact generally recognized by statisticians and 
clinical investigators. 


In 1972, Drill (1 19) reported a study which included 
data in addition to those reported previously (104). 
This report summarized data concerning the incidence 
of superficial and deep vein thromboembolic disease of 
the lower extremity in untreated (normal incidence), 
postpartum, and antepartum women and in users of 
oral contraceptives. Women with and without pre- 
disposing conditions were included. 


Based on data concerning hospital admissions ob- 
tained from several countries, the average normal inci- 
dence of the disease in women of childbearing age was 
0.9 (range 0.71-1.08)/1000 women/year. When the 
incidence was based on patients' visits to the physician, 
the rate was 2.2 cases/1000 women/year. For idiopathic 
cases alone, the rate was 0.65/1000 women/year. 


In postpartum patients the frequency of these dis- 
eases was elevated. Based on 199,730 pregnancies, the 
total incidence was 9.8 cases/lOOO women; this figure 
was divided between 5.3 for superficial vein involvement 
and 4.5 for deep vein involvement. 


During the antepartum period, the incidence was 
reduced. Based on 350,661 pregnancies, the incidence 
of superficial and deep vein disease was 0.46 case/1000 
women/9-month pregnancy. When this figure was 
extrapolated to  12 months, it became 0.61: 0.36 for 
deep vein disease and 0.31 for superficial vein invblve- 
ment. The rate of 0.61 was not above that found for 
nonpregnant women, suggesting that the increased 


secretion of estrogen during the antepartum period did 
not result in an increased incidence of thromboembo- 
lism. 


The incidences of thromboembolic disease reported 
between 1963 and 1970 in 15 large-scale and 53 small-scale 
prospective studies of oral contraceptive users were 
compiled. In the large-scale studies involving 66,915 
women treated for 68,6 16 woman-years, the average 
rate was 0.92 case/1000 women/year. The difference 
between this figure and that for normals (2.2) was not 
statistically' significant. The small-scale studies totaled 
13,162 woman-years of experience. The average rate 
was 1.22 cases/1000 women/year, and again the differ- 
ence between it and the nonuser figure was not statis- 
tically significant. When the two types of studies were 
totaled, 8 1,778 woman-years of experience were repre- 
sented, and the average rate was 0.97 case/1000 women/ 
year. 


The large-scale prospective studies also were utilized 
to determine the incidences of deep vein and superficial 
involvements separately. Based on 32,668 woman-years 
of use, the rate for deep vein disease was 0.21 case/lOOO 
women/year and it was 1.04 for superficial involvement. 
These rates were not above the control values. 


It was also determined from this extensive study that 
five cases of pulmonary embolism were associated with 
oral contraceptive use during 65,28 1 woman-years, 
yielding a rate of 7.7/100,000. Drill (119) also quoted 
from the unpublished data of Dr. R. L. Burket that the 
incidence of pulmonary embolism in 15-44-year-old 
nonpregnant women in 12 Cincinnati hospitals during 
1959 was 15.9/100,000 and that the rate for idiopathic 
cases alone was 10.8. 


Drill summarized his review by listing six salient 
points: 


1. The increased output of hormones during preg- 
nancy was not associated with an increase in the inci- 
dence of superficial and deep vein thromboembolic 
disease. 


2. Neither large-scale nor small-scale studies of oral 
contraceptive users demonstrated an increased incidence 
of the diseases. 


3. If a relationship between oral contraceptives and 
thromboembolism existed, a high proportion of cases 
should occur during the first few months of use; this 
point would not be true if the relationship depended 
on a cumulative effect of the drugs. However, studies 
such as those of Vessey and Doll (106) and Sartwell 
el al. (1 10) suggested that duration of use, at least up to 
2 years, had no effect on the incidence of thrombo- 
embolism. , 


4. If a dose-response relationship existed between 
oral contraceptive use and thromboembolism, increased 
evidence for the relationship should have been obtained 
when higher doses of the compounds were administered. 
Drill cited evidence that large doses of oral contracep- 
tive preparations had been given without adverse effects 
occurring. Some inconsistencies in this respect do exist, 
however ( o d e  supra); the answer might be related to 
whether the large doses refer to estrogenic and/or pro- 
gestagenic activity. 


5 .  If a relationship existed between oral contra- 
ceptives and thromboembolic disease, patients with a 
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history of the disease might be expected to be sensitive 
to these drugs. Drill pointed out that the data available, 
although limited in amount, did not demonstrate an 
increased recurrence of thrombophlebitis when oral 
contraceptives were used. 


6. Women who have developed thrombophlebitis 
have responded to therapeutic measures without stop- 
ping the use of oral contraceptives. Again, however, 
the data are quite limited. 


Drill concluded that the extensive prospective studies 
he had reviewed demonstrated that oral contraceptive 
use did not increase the incidence of venous thrombo- 
embolic disease of the lower extremities. 


At the same time, Drill and Calhoun (120) reported 
a review of data from prospective studies concerning 
the relationship between the dose of estrogen in oral 
contraceptive preparations and thromboembolic disease 
of the lower extremities. This study had two goals: 
(a) to determine whether the disease rate might be above 
normal at any dose of either mestranol or ethinyl estra- 
diol and (b) to determine whether a statistically signifi- 
cant dose-response curve could be found between the 
estrogen dose and the incidence of thromboembolic 
disease. 


The prospective studies included for analysis were 
those in which a definite statement had been made re- 
garding the presence or absence of superficial and deep 
vein thromboembolic disease, associated with the use 
of a specific oral contraceptive product for which the 
number of woman-years of drug use had been stated. 
Data from these studies then were analyzed in three 
groups: (a) large-scale studies involving lo00 or more 
woman-years of use, (b) small-scale studies involving 
less than lo00 woman-years of use, and (c)  a group 
wherein the data from the large- and small-scale studies 
were combined after it had been shown that there was 
no difference between the two sets of data. 


The data collected involved a study of 72,075 women 
for 902,446 cycles during a total of 69,502 woman-years 
of use. The oral contraceptive preparations studied 
contained one of the following six doses of estrogen: 
50 or 100 mcg. ethinyl estradiol or 75, 80, 100, or 150 
mcg. mestranol. No information was given concerning 
the progestagen(s) in the preparations. 


There was no significant difference between the 
thromboembolic disease rates associated with the two 
doses of ethinyl estradiol, and these incidences were not 
significantly different from the normal rate of 2.2/1000 
women/year. Neither did the disease rates differ among 
the four doses of mestranol, nor did they differ signifi- 
cantly from the normal rate. 


The authors critically discussed the study of Inman 
ef al. (1 1 l), which initiated the idea that a relationship 
might exist between the risk of thrombaphlebitis and 
the dose of estrogen. They offered criticisms of the 
study similar to those discussed previously by Nanni 
(1 12). Because of these fallacies, Drill and Calhoun 
(120) questioned the conclusions drawn by Inman et al. 
(1 11). Nevertheless, the latter workers at least attempted 
to consider the possible effects of the progestagenic 
components, a point apparently ignored by Drill and 
Calhoun. 


Meanwhile, additional articles, each containing a 


small number of case reports concerning thrombo- 
embolic phenomena in oral contraceptive users, ap- 
peared in the recent literature. The phenomena observed 
include: aorto-iliac occlusion (121), dural sinus and 
cerebral venous thrombosis (1 22-1 24), cerebral arterial 
occlusion (125-128), cerebral ischemia (129), vascular 
occlusion of the colon (1 30), Budd-Chiari syndrome 
(131), mesenteric vascular thrombosis (132, 133), myo- 
cardial infarction (134-137), and pulmonary embolism 
(138-140). As mentioned previously, the usefulness of 
these case reports in establishing a cause-and-effect 
relationship is nil. However, their importance is mani- 
fested in the fact that by uncovering and reporting such 
information, others can be made aware of their possible 
occurrence. This awareness can lead to similar observa- 
tions which, when numerous enough, may become 
meaningful and deserving of case-control epidemiologic 
and prospective studies. For example, some investiga- 
tors (128, 130, 133, 141) found that certain thrombo- 
embolic disorders originated at the time that oral con- 
traceptive therapy started but that the symptoms re- 
gressed spontaneously a short time after terminating 
their use. This type of observation suggests a degree of 
involvement between drug and effect. 


In summary, the evidence for the existence of a cause- 
and-effect relationship between thromboembolism and 
oral contraceptive use is tenuous. It consists for the 
most p u t  of data from retrospective, epidemiologic, 
survey-type studies which, as previously stated, cannot 
prove such a relationship. On the other hand, the large 
volume of data from prospective studies from which 
one is better able to establish such a relationship indi- 
cates that such a relationship may be nonexistent. 


While retrospective and prospective studies have 
been, and continue to be, carried out in an effort to 
determine conclusively whether or not there is a cause- 
and-effect relationship between oral contraceptives and 
thromboembolism, concurrent investigations have 
attempted to elucidate factors that might be involved in 
the development of thromboembolism in certain users 
of oral contraceptives. Specifically, these investigations 
have involved blood types and clotting factors. 


In 1969, Jick et al. (142) reported the results of a co- 
operative study involving three countries. Initially, data 
collected for a prospective drug surveillance program 
in Boston had revealed that among male and female 
patients receiving anticoagulants for venous thrombo- 
embolism, there was a deficit of patients with type 0 
blood. These results stimulated the cooperation of 
interested groups in Sweden and the United Kingdom. 
The three groups then conducted retrospective studies 
to determine the blood types of young white women who 
had developed thrornboembolism: (a) while taking 
oral contraceptives, (b) during pregnancy or the puer- 
perium, or (c) while neither pregnant nor taking oral 
contraceptives. In addition, the proportions of blood 
types A, B, AB, and 0 in control populations were 
determined. The percentages for the three countries 
ranged from 37 to 44% for type A, from 8 to 12% for 
B, from 3 to 6 % for AB, and from 40 to 47 


The numbers of patients representing blood groups 
B and AB were too small to permit valid comparisons 
with the control population. However, a trend could be 


for 0. 
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seen when comparisons were made between the propor- 
tions of thromboembolic patients and controls having 
blood types A and 0. Specifically, the percentage of 
patients having type A ranged from 47 to 61 ; for type 0, 
the percentage ranged from 16 to 38. These observations, 
which applied to all three groups of young white women, 
suggested that individuals with type A blood were more 
likely to develop thromboembolism and/or that those 
with type 0 were less likely to do so. 


In 1971, Mourant ef al. (143) recalculated the data of 
Jick et al. (142) after including some additional data 
from other studies. They determined the relative inci- 
dence of blood group A by dividing [(number of A 
patients)/(number of 0 patients)l/[(number of A con- 
trols)/(number of 0 controls)]. In women taking oral 
contraceptives, the estimated mean incidence of group 
A was 3.12; in pregnant and puerperal women, it was 
1.85. For both conditions, the difference between cases 
and controls was statistically significant; however, no 
conclusion could be drawn as to relative liability to 
thrombosis of women taking oral contraceptives as 
opposed to those who were pregnant or puerperal. 


Additional supportive data were supplied later in 
1971 by Westerholm et al. (144) and Allan (145). In 
addition, Allan offered the hypothesis that hormonal 
factors might intensify what appeared to be a basic 
association between thromboembolism and blood 
group A. He listed some indirect evidence that could 
lend support to his hypothesis, including: (a) oral 
contraception raises the serum cholesterol level, which 
is already higher on the average for blood group A1 
than for 0; and (6) oral contraception lowers the anti- 
thrombin-I11 level, which is already lower on the aver- 
age for Al than for 0. Furthermore, Fagerhol el af. 
(146) found that pulmonary embolism and diffuse 
intravascular coagulation also are associated with 
lowered levels of antithrombin-111; in contrast, levels of 
the latter appear to be increased during oral antico- 
agulant therapy. 


Although precipitating and contributory factors have 
long been identified, the basic mechanism of throm- 
bosis is unknown (147). Nevertheless, studies of moie- 
ties, such as antithrombin-111, involved in the blood 
coagulation or fibrinolytic systems have been under- 
taken because of the possible relationship between oral 
contraceptives and thromboembolism. It has been 
presumed that a balance is normally maintained in the 
blood between coagulative and fibrinolytic activities 
(148). It has been suggested, furthermore, that oral 
contraceptives might upset this balance by causing an 
increase and/or decrease in one or more of the com- 
ponents of these systems. 


Many factors of the coagulation and fibrinolytic 
systems have indeed been shown to be affected by oral 
contraceptives. For example, electrophoretic behavior 
of blood platelets from women taking combined or 
sequential oral contraceptives, but not progestagen- 
only oral contraceptives, became abnormal due to 
increased sensitivity to adenosine diphosphate ; the 
sensitivity to noradrenaline, however, remained normal 
(149). This pattern of platelet behavior was similar to 
that shown by platelets from patients with arterial 
disease. 


Factors 11 (prothrombin) (150, 151), VII (150, 152, 
153), X ( 150- 153), and fibrinogen ( 15 l), all components 
of the coagulation system, have been shown to increase 
in women taking oral contraceptives of the combined 
type. Similar increases in Factors VII and X have been 
seen in women using the sequential type (152). In con- 
trast, other investigators reported no significant change 
in fibrinogen levels in women using oral contracep- 
tives of the combined (148, 154), sequential (148), and 
progestagen-only (1 54) types, nor in those using com- 
bined and progestagen-only injectable contraceptives 
(154). Nevertheless, blood viscosity, which is partly a 
function of fibrinogen concentration, and hematocrit 
were shown to be increased in eight of 47 women using 
combined and sequential oral contraceptives (155). 
Furthermore, cryofibrinogen, a cold-precipitable fibrin- 
ogen found in disease states such as those associated 
with intravascular coagulation, was found in the plasma 
of 17 of 68 users of combined and sequential oral con- 
traceptives, seven of 55 users of an intrauterine con- 
traceptive device, and five of 59 untreated women (156). 


Antithrombin levels ( o d e  supra) have also been shown 
to be depressed in women taking oral contraceptives of 
unspecified and combined types (157- 160). Moreover, 
it has been suggested (159) that of all the clotting 
changes reported to occur in women using oral con- 
traceptives, the loss of antithrombin411 activity 
might be the one most significant from a clinical point 
of view. On the other hand, Hedlin and Monkhouse 
(148) found no significant changes in antithrombin 
levels in women using combined and sequential prep- 
arations. 


Reports concerning fibrinolytic activity and plasmin- 
ogen levels, as well as interpretations of increases in 
the latter, in users of steroid contraceptives have been 
even more conflicting. Most workers (148, 150, 154) 
reported an increase in fibrinolytic activity in women 
using oral preparations, suggesting the possibility 
of a tendency toward hypocoagulability. Brakman 
et al. (1 54), however, found no change in this parameter 
in women given a parenteral estrogen-progestagen 
preparation and decreased fibrinolytic activity in 
women given an injectable progestagen preparation. 


Plasminogen levels also have been reported by most 
workers (150, 151, 154, 158) to be increased in women 
using oral contraceptives. However, Brakman et al. 
(154) reported that in earlier studies they had found 
either no change or decreased levels of plasminogen in 
oral contraceptive users; these workers also reported 
no change in plasminogen levels in women given paren- 
teral preparations. The ranges of values presented by 
these workers did overlap among the controls and 
various treatment groups, however, and, unfortunately, 
no levels of statistical significance were given to support 
the conclusions drawn. 


With respect to the clinical significance of increased 
plasminogen levels, Ambrus et al. (1 5 1) interpreted 
this phenomenon as an indication of increased activity 
in the fibrinolytic system. On the other hand, Peterson 
et al. (158) interpreted low plasminogen levels as evi- 
dence of increased fibrinolytic activity. Conversely, 
high levels suggested to them the possibility of an in- 
creased risk of thrombosis. Presumably, they felt that 
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increased levels signified that the plasminogen was not 
being converted to plasmin (fibrinolysin). Indeed, Y gge 
et al. (150) reported high plasminogen levels and low 
spontaneous fibrinolytic activity in patients 1-2 weeks 
postoperatively, i.e., during a period in which there is 
a high incidence of thromboembolism. 


The question remains, however, as to what signifi- 
cance these changes in clotting and fibrinolytic factors 
may have with respect to thromboembolism and the 
use of oral contraceptives. First of all, results from 
different studies obviously are in disagreement. Brak- 
man et al. (154) suggested that these discrepancies could 
have been caused by differences: (a) among assay pro- 
cedures, (b) in the composition of the various hormone 
preparations used, (c)  among the dosages of the various 
hormones, and/or (a) in the duration of treatment. 
Finally, individual treatment and control groups in 
some studies occasionally contained five or fewer 
women. 


More importantly, it is still necessary to determine 
whether a certain pattern in blood coagulation and 
fibrinolysis may really be related to an increased inci- 
dence of thromboembolism (1 50). Nilsson and Astedt 
(161) maintained that there are no common character- 
istic changes in the coagulation factors, fibrinolytic 
system, and platelet aggregation or adhesiveness in 
patients with thrombosis, although they agreed that a 
normal fibrinolytic activity in vessel walls is important 
for counteracting thrombosis. Wolf (162) also ques- 
tioned the association of clotting factor changes with 
thrombosis, maintaining that there is no definite dis- 
tribution pattern of antithrombin-I11 in patients with 
thrombosis and that measurement of Factor VII activ- 
ity, for example, shows much overlap between normal 
controls and patients with thrombosis. 


At any rate, it has been stated (147) that increased 
levels of clotting factors in the nonactivated form could 
possibly predispose to thrombosis, but that they could 
not per se initiate intravascular coagulation. However, 
if together with a loss in antithrombin-I11 activity, for 
example, the homeostatic coagulation equilibrium is 
further unbalanced by events such as vascular endo- 
thelial damage, vasculitis, prolonged stasis, increased 
platelet adhesiveness, or postsurgical hypercoagula- 
bility, intravascular clotting could possibly be pre- 
cipitated (159). Finally, Peterson et al. (L58) suggested 
that perhaps only an occasional individual may be un- 
able to handle the changes that appear to be induced by 
the oral contraceptives. Whether or not such patients 
could be screened out prior to or during oral contra- 
ceptive therapy is not known, but the measurement of 
clotting factors in users and potential users of these 
agents would seem to be worthwhile. 
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Drug Transfer across Intact Rat Intestinal Mucosa following 
Surgical Removal of Serosa and Muscularis Externa 


DONALD L. WOLFE*, STEVEN C. FORLAND*, and LESLIE 2. BENET' 


Abstract 0 The in oitro absorption kinetics for salicylate ion were 
followed through rat intestinal membranes from which the serosa 
and longitudinal and transverse layers of the muscularis externa 
had been removed. Techniques are described where up to 15 cm. of 
intestine may be stripped of musculature so that absorption studies 
may be carried out utilizing commonly employed irz vitro methods 
such as the everted sac, the CraneWilson technique, and a per- 
fusion apparatus. A histological examination of the stripped in- 
testinal mucosa showed that the section consisted of epithelium, 
underlying lamina propria, muscularis mu-. and submucosa. 
The latter two layers do not remain when mucosa is isolated by 
scraping off the mucosal surface with a glass slide, but they are 
necessary for maintaining an intact epithelial membrane during 
in virro transport studies. Transfer rates were measured using 10 cm. 
of everted intestine in a perfusion apparatus and 5 cm. of everted 
intestine made into a Crane-Wilson sac. Absorption rates for salicy- 
late through stripped intestinal segments were found to be 1.5-1.8 
times greater than those found with nonstripped segments. 


Keyphrases 0 Drug transfer-in oitro-in oioo correlations improved 
serosa and muscularis externa removed from intact rat intestinal 
mucosa 0 Transfer fates-procedure for removal of serosa and 
muscularis externa from intact rat intestinal mucosa preparations, 
improved in cirro-in oivo drug transfer correlations 0 Absorption 
kinetics, in uitro-salicylate ion through rat intestinal membrane 
stripped of serosa and muscularis externa. improved correlation 
with in vivo data IJ Intestinal mucosa preparation, rat-procedure 
for stripping serosa and muscularis externa to improve in oitro-in 
vico drug transfer correlations 


Since many intestinal absorption studies in the phar- 
maceutical sciences are done employing in oitro tech- 
niques, the obvious question arises: What correlation 
can be attached to observations made from in oitro 
studies and events occurring in oioo? Ideally, one would 
hope that the information gained from studying absorp- 
tion mechanisms can be applied ultimately to the design 
of more predictable and more effective oral drug dosage 
forms. 


As pointed out by Turner et al. (I), a number of 
studies in the literature showed large differences between 


in oitro results and those expected upon the basis of 
in oioo hypotheses. While one cannot expect in oitro 
preparations to provide a direct reflection of in uioo 
events, one can hope to gain insight into mechanisms 
that are difficult or impossible to elucidate in oioo. 
However, the reliability of in oitro observations in pro- 
viding meaningful information depends upon experi- 
mental conditions conducive to optimum physiological 
activity. Up to the present time, three commonly em- 
ployed in oitro techniques have been utilized in studying 
drug absorption: the everted sac method of Wilson and 
Wiseman (2), the CraneWilson method (3), and a 
perfusion apparatus (4, 5 )  where transmembrane po- 
tentials are neither measured nor short circuited. Some 
of the problems inherent to these in oitro methods that 
may be contributory to in vitro versus in aim absorption 
discrepancies are: (a) maintenance of biological vi- 
ability, (b)  maintenance of structural integrity, and ( c )  
artifactual influences due to unnatural absorption 
barriers. 


A number of workers have investigated the extent 
of viability of excised gut preparations. Under con- 
trolled conditions, rather constant metabolic activity 
for 2-3 hr. was demonstrated with the rat intestine by 
Bramford (6) and Jordana and Ponz (7) through oxygen 
consumption studies and by Robinson and Felber (8) 
with L-methionine and L-phenylalanine uptake. Dura- 
tion of viability during drug absorption studies would 
be affected by drugs that are toxic to, or interfere with, 
metabolic mechanisms and/or the use of bathing solu- 
tions (especially buffered solutions) that are not of 
optimum physiological compatibility. 


The problem of structural integrity has been considered 
by some (9,lO) to be even more crucial to the absorption 
processes than viability, especially where passive mecha- 
nisms seem to predominate. Alteration in structural rela- 
tionships certainly would have a major influence upon the 
passive absorption of drugs and, consequently, the ques- 
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Steady-State and Nonsteady-State Transport through 
Membranes Using RotatingDisk Electrode Polarography: 
Description and Properties of a Rapid Response New Technique 


YIE WEN CHIEN*, CARTER L. OLSON, and THEODORE D. SOKOLOSKI’ 


Abstract IJ A new rapid response technique was developed to 
measure both steady-state and nonsteady-state flux (mass transport 
rate, moles per second) through membranes. The system utilizes a 
rotating-disk electrode, which is covered with a porous membrane 
and connected to a polarographic module. The rotating-disk con- 
figuration provides a uniform flux density over the entire surface of 
the membrane. Since flux is directly measured as current, there is 
no need to construct a concentration Dersus time plot to obtain 
steady-state permeability and there is no need to rely on lag time to 
measure effective diffusivity. The use of lag times for this purpose 
has recently been shown to introduce significant errors in estimating 
diffusivity. In this technique, the membrane is placed on the surface 
of the electrode. In the receiving compartment, response to flux is 
so rapid that nonsteady-state diffusion may be characterized. More- 
over, it is possible to determine steady-state flux in the same experi- 
mental trial in short time periods. The technique and its use are 
described and theoretically explained through basic electrochemical 
and diffusion principles. The reproducibility achieved in transport 
measurements is seen to be quite good. 


Keyphrases Transport through membranes-methodology, equa- 
tions for measuring steady-state and nonsteady-state flux using 
rotatingdisk polarography 0 Membranes, characterization of 
transport-methodology, equations for measuring steady-state and 
nonsteady-state flux using rotating-disk polarography 0 Polarog- 
raphy, rotating disk-used to measure steady-state and nonsteady- 
state transport through membranes, theory, equations 0 Rotating- 
disk polarograpny-used to measure steady-state and nonsteady- 
state transport through membranes, theory, equations 


Transport processes occurring across a membrane 
barrier separating a solution phase from another solu- 
tion or solid phase continue to be of great interest to 
pharmaceutical scientists. Among these interests are: 
(a) a better understanding pf the mechanisms of trans- 
port in order to develop new membrane systems having 
controlled drug-release properties, and (6) the charac- 
terization, through the use of models, of the probable 


mechanisms and behavior of complex biomembranes 
in terms of physicochemical principles. 


There have been numerous studies dealing with the 
measurement of mass transport of drug and drug-like 
molecules across a large variety of membranes or bar- 
riers, ranging from model membranes to biological 
membranes themselves (1-9). In most instances (1-6, 9), 
the actual measurement of membrane permeation has 
been conducted along rather classical lines where the 
barrier separates two compartments of solution, the 
contents of which are sampled as a function of time. 
Light absorption is the measurement technique most 
commonly used. The usual time course of measurement 
of mass transport ranges from several hours to over a 
day, primarily because the ratio of compartment vol- 
ume to barrier surface area is large. Even in recently 
developed systems (7, 8) where sampling is not required 
and where the volume to area ratio is low, the detector 
is positioned away from the immediate surface of the 
membrane barrier in the receiving compartment, caus- 
ing a time lag in transport measurement. The technique 
described in this paper does not suffer from this dis- 
advantage. 


It is apparent from the literature that the design of a 
suitable diffusion measivement system is complex. 
Variables such as membrane integrity, area, and thick- 
ness; compartment volumes and concentrations; repro- 
ducibility of sampling; stirring; and temperature must 
be controlled. Many diffusional cell prototypes may 
be found (14, 9-16) and, considering that most were 
designed for similar purposes, their diversity is remark- 
able. Flynn and Smith (7) classified these cell systems 
and analyzed their advantages and disadvantages. 


One prime concetn of making permeability measure- 
ments is the ability to determine flux (mass transport 
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Figure 1-Schematic representation of the electrochemical system 
used to measure drug transport. 


rate, moles per second) reliably in as short a time as pos- 
sible. With this in mind, a relatively simple and easily 
assembled transport cell was constructed. A membrane 
is positioned smoothly on the immediate surface of a 
rotatingdisk electrode. The flux or transport of material 
through the membrane is proportional to the current 
measured polarographically at a constant potential. 
The response is very rapid, permitting direct measure- 
ment of both the initial nonsteady-state and the steady- 
state membrane transport. The sensitivity of a diffu- 
sional cell is proportional to the available diffusional 
area divided by the solution volume of the receiving 
compartment (8). The receiving compartment in the 
present system has a negligible volume because the 
detector is positioned directly on the membrane surface. 
Therefore, the detector signal is directly proportional 
to the flux across the membrane rather than to the 
receiving compartment concentration. 


The high speed rotatingdisk configuration has the 
advantage of uniform, controlled flux to the outside 
membrane interface. At high rotation speed, the solu- 
tion diffusion layer thickness may become negligible 
with respect to membrane thickness. In any case, the 
thickness of the convective diffusion layer on the surface 
of the membrane may be controlled and calculated. 
The concentration at the electrode surface can be set 
to zero by setting the voltage on the diffusion current 
plateau. The high sensitivity, rapid response, and non- 
sampling method utilized permits the observation of 
transient phenomena which may be significant to the 
mechanism of membrane transport but which may be 
overlooked using slower conventional methodology. 


The lag time technique of Daynes (17) and Barrer 
(18) has been popularly applied in conventional mass 
transport systems to calculate the diffusivity of drug 
species. Steady-state transport should be calculated 
from data taken after two lag times; otherwise, signifi- 
cant errors may result in determining the extrapolated 
lag time and in calculating diffusivity. 


Siege1 and Coughlin (19) recently made a theoret- 
ical analysis of such calculations and they concluded 
that the relative errors in lag time calculations can be 
as much as five times larger than the errors obtained 
from calculations based on the slope of steady-state 


I . .  _-  


...- UECTROOL TIP 


HOLDER M B Y  


Figure I-Schematic representation of the membrane holder 6s- 
sembly showing its relation to the electrode tip. The electrode tip can 
be remowd from the rotator. The cap is placed ooer the electrode tip 
with a membrane in place and the body is then attached. 


permeability. Their analysis suggests that the error in 
diffusivity will always be several times larger than the 
error in permeability when such techniques are em- 
ployed. In the method introduced here, diffusivity can 
be estimated either directly from steady-state permea- 
bility or from kinetic analysis of nonsteady-state trans- 
port without the use of lag time estimates. 


Although extensive experimental and theoretical 
studies have been made on the permeation of gases 
through various materials, diffusion in polymer mem- 
branes has received relatively limited attention, particu- 
larly with regard to the short-time dynamic nature of 
drug permeation across barriers. In general, two differ- 
ent phenomenological mechanisms are met in the flow 
of penetrant species through thin membranes. These 
are molecular transport involving partitioning of the 
penetrant into the membrane structure, followed by 
molecular diffusion across it, and passage of penetrant 
molecules through membrane pore channels filled with 
solvent. Transport through a nonporous barrier de- 
pends on the relative solubility of the penetrant in the 
barrier as compared to its solubility in the donor and 
receiving compartments. 


The new technique described in this paper provides 
a direct measurement of flux both at steady-state and 
nonsteady-state diffusion conditions. 


EXPERIMENTAL 


Appsratus-The system used in these studies is shown in Fig. 1 .  
A polarographic H-cell is immersed in a constant-temperature 
bath1 at 30 f 0.1 O. The left side of the cell contains a saturated 
calomel reference electrode (S.C.E.) connected to the working half 
of the cell (on the right) oia a salt bridge. The working cell contains 
10-20 nil. of test solution. The electrode is immersed in this solu- 
tion and either rotated or held stationary. The working and ref- 
erence el~trodes are connected to a polarograph'. Current is 
measured either with a stripchart recorder' or an oscilloscope'. 
The recorder is used for time measurements greater than 0.5 sec., 
and the oscilloscope is used for shorter times. For short-time 


1 Sargent Thermonitor. model ST. 
*Heath polarographic module EVA-19-2. 
8 Varmn model G-14. 
4 Hewlett Packard model 141A. 
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a fimtion gmaetm'. The test solution is deaeratcd with nitrogen 
gas, and a nitrogen atmosphere is maintained above the sdution 
during measurements. Drug is introduced into the w6rking side of 
the electrode by injecting a small volume (0.2-1.0 ml.) of a WIICCII- 
trated prcdeaerated drug solution oia the drug inlet from a cali- 
brated microsyringe. 


A membrane sheet is positioned on the electrode surface using a 
cell holder made of Tdlon (Fig. 2). A small hole is drilled on the 
upper edge of the holder to  balance pressures across the membrane 
and to minimize hydrodynamic transport through the covering 
membrane. The entire assembly is rotated at a constant speed with a 
rotating electrode sssemblp. Speeds ranging from 0.6 to 6000 r.p.m. 
are possible with this assembly. Two types of elecptde tips were 
used: a platinum tip, which was wated with mercury according to  
& method of Ramaley et 01. (20), and a carbon electrode. The 
carbon dectrode permits the use of a wide potential range, has a 
low residual or background current, provides good reproduci- 
bility,and requires little pretreatment. Both electrodes have a smooth 
surface. The membrane is placed directly on the electrode surface 
as shown in Fig. 2. 


Materials-The suppotting ekttrolyte used in the studies was 
0.2 M acetate buffer, pH 4.0. The pH selected assures that the 
electroactive spcies, pnitrophenolr. is totally undissociated (pKa 
7.12) and that the buffer is of sufficient concentration to obviate 
pH changes at the electrode surface due to the consumption of 
protons. pNitrophenol was found to be 99% pure by potentio- 
metric titration. 


Two membranes were used in the study: (0) Millipon man- 
branesle of cellulose acetattcellulose nitrate mixtures and (b) 
dialysis membranes11 with a pore radius of 24 A and a dry thick- 
ness of 25 p .  


Metbod-All of the membranes wae compatible With the solu- 
tions used and were presoaked in the bufer system ovanight in a 
refrigerator before use. 


The general procedure used for the measurement of stqdy-state 
and nonsteady-state transport of pnitrophenal through the d o u s  
membranes was as follows. Sennteen milliliters of supporting 
electrolyte was placed in the workidg compartment of the polaro- 
graphic H e l l  and deaeratcd for 5 min. with nitrogen gas. A solu- 
tion of pnitrophenol was separately prepared in the same support- 
ing electrolyte and deaerated for 3 min. The transport cell contain- 
ing the membrane was assembled (Fig. 2) and placed on the elec- 
trode tip. The electrode assembly was placed in the solution and 
rotated at  a fixed speed until equilibration occurred. The current- 
potential curves for pnitrophenol were determined, and the results 
are listed in Table I. A constant potential of - 1.0 v. wrsus S.C.E. 
was applied, and the steady-state residual current was measured. 
One milliliter of the concentrated pnitrophenol solution Was rapidly 
iqjected into the cell compartment. The current increased with time 
until it reached a steady-state value. After steady state reached, 
an additional 0.4 ml. of solution was introduced, dving rise to a 
new steady-state current. The incremental procedure mls continued 
until a suitable calibration curve was obtained. 


RESULTS AND DISXUSSION 


quiet ( u n s t i d )  solution is given by the equation: 


where n is the number of dcctroh t r a n s f d  (4 for pnitrophend 
at pH 4). F is the F m d a y  constant (96,500 coulombs per equiva- 
lent), A is the dectrode surface area in square aatimetm, D is the 
difhsion cocficient (9.18 X 1W cm.1 =.-l for pnitrophenol). C 


7 Beckman No. 39086. 
8 Befkman No. 39084. 
* w a n .  
"Millipore Fdter Ca. (Various pore d~ are available (10 &.y8 


(*??$j;bion &me. 


Table I-Decomposition and Half-Wave Potential for 
pNimphcnol in Acetate Buffer 


i s  the bulk concmtration bf ekctroactive species in m i l l i d e s  per 
liter, t is the time after start of electrolysis in seconds. and i is the 
faradaic current in microamperes. A plot of i wrsus (1) - '1s should 
be a straight line with slope. rrFAD'/sC(*)-'/*. When a membrane 
covers the electrode surfatx. the Hective area of the electrode is 
reduced to an amount equal to  the porosity of the membrane. 
Figure 3 shows the results for the reduction of pnitrophenol with 
and without a Millipore membrane on the electrode surface. 
The experimental slope without a membrane was 2.89 X 10' M. 
sec.'/s M-I compared to a theoretical value of 2.87 x 10' ( A  = 
0.232 cm.'), which is excellent agreement. The experimental slope. 
with the Millipore membrane was 2.23 X 10' M. sec.'/i M-* com- 
pared to  a theoretical value calculated to be 2.13 x 10'. based on 
the manufacturer's specifications of 74X porosity, which again is 
in good agreement. 


If a disk electrode is placed into soluti6n and rotated at a constant 
angular velocity, the mass transport of electroactive material to  the 
electrode surface by m a n s  of convective diffusion is much greater 
than obtained by linear diffusion to a stationary electrode of equal 
area (22-25). A relationship describing the thickness of the con- 
vective diffusion layer, bo, at a rotatingdisk electrode was derived 
by Levich (26-27): 


where D is again the diffudon coefficient, P is the kinematic vis- 
cosity, and o is the angular rotation in radians per second. The 
rotatingdisk d g u r a t i o n  is the only convective diffusion geom- 
etry where flux, i.e., bo, is a constant over the entire surface. The 


mnw& 3-keIation brrwrcn cnrwnt &oi& by eanccnrmtion of' p 
nitmphend a d  the nclpmcd of the 4uare mot of rim. The carbon 
disk elect& is not rotating. Key: 0, without a cowring membmne, 
concentration of pnltrophend = 2 X lWa M. dope = 2.89 X 
10' pa. see.'/* M-' (theorerid slop 2.87 X 10'): clnd a, with a 
cowring Millipon mmbmne. type VC (0.1-p pore. porosity 74 x). 
concentmtion of pnitmphend = 5 X I F a  M, slope = 2.23 X 
10' pa. see.'/* M-1 (theoreticalslop 2;lf X Id'). 
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Figure &Effect of the square mot of angular rotation (r.p.s.) on 
the steady-state current of pnitrophend ( I  X I P 4  M). Key: 0, Ieji 
onlinate, without cowring membrane; and 0, right ordinate, with a 
cowring dialysis membmne. 


where the terms are as previously described. The behavior of the 
rotating-disk electrodes used in these studies was in agreement 
with theory. 


TpMe II-Determination of the Porosity of Millipore Membranes 
from Steady-State and Nonsteady-State Transport of 
pNitrophenol a t  pH 4, 30" 


sc 0.333 3.89 0.78 0.74 
SM 0.222 3.26 0.80 0.84 ss 0.119 2.52 0.85 0.83 
RA 0.0952 2.18 0.82 0.82 


0.0054 0.50 0.79 0.75 vc 0.0042 0.44 0.79 0.74 
VM O.Oo40 0.42 0.77 0.72 


Gs- 


The current obtained at a membrane-covered rotating-disk 
electrode is controlled by both the permeability of the membrane 
and the convective diffusionlayer at the outer surface of the niem- 
brane. Figure 4 shows a typical plot of current versus electrode 
rotation speed for both a bare and a membrane-covered elec- 
trode. When the rotational velocity of the electrode becomes 
sumciently large, the transport of material to the electrode surface 
is controlled primarily by diffusion across the membrane. The meas- 
ured current, therefore, reaches a plateau, becomes independent of 
increased rotational velocity, and is directly proportional to the 
diffusion-controlled transport or flux of material across the mem- 
brane. 


A typical result obtained in measuring transport through a mern- 
brane covering a rapidly rotating disk electrode (3ooo r.p.m.) is 
presented in Fig. 5. pNitropheno1 is rapidly injected into the cell a t  
time zero after allowing the system to come to equilibrium. After a 
short lag time, the current increases with time, e v e n t d y  reaching a 
sleady-state flux as defined by Eq. 3, where & D  becomes the sum of 
the thickness of the stagnant layer and the effective membrane 
path. At the steady-state condition, a subsequent addition of p 
nitrophenol from a concentrated deaerated solution leads to a new 


Figure 5-Relation between current and time in the tmnsport of pnitmphend through a Millipore membrane, type GS, where successive amounts 
of compound are a d .  
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Figure &Relation between the log (steady-state current - current at 
time t) and the time for pnitrophenol diffusing rhmugh a Mil l ipre 
membrane, rype GS. 


steady-state flux. This procedure may be repeated several times to 
give additional steady-state currents. 


Membrane permeability, P,, calculated from the steady-state 
current : 


i., 
p m  = nTc 


is determined by two parameters, porosity and effective membrane 
thickness, which includes tortuosity effects and the stagnant solution 
layer on the surface of the membrane. To evaluate porosity and 
effective membrane thickness, additional experimental data are 
needed. In the present technique the additional data are derived 
from the time-dependent (nonsteady-state) flux as presented in 
Fig. 5. Several investigators have derived expressions describing the 
flux through a membrane as a function of time following a step or 
rapid change in concentration on one side of the membrane (28- 
30). In particular, Bowers and Wilson (31) derived an expression 
relating current to time for a membrane-covered electrode following 
a step jump in concentration of electroactive species in the stirred 
solution outside the membrane: 


1 (- 1)" exp(-mW)t/d*' (Eq. 6) . nFADC 
I ,  = - 


where i ,  is the current at time t ,  d is the effective diffusional thickness, 
and the other terms are as previously described. Although the 
electrode type and solution hydrodynamics are different in the 
Bowers-Wilson experiment, the boundary conditions for transport 
are the same and the equation is thus valid for a membrane- 
covered disk electrode when rotational velocity is rapid and con- 
stant. Typical experimental values indicate that the summation 
terms of Eq. 6 converge very rapidly. For example, if it is assumed 
that r D / P  = 1 sec.-l, at I = 1 sec. an error of 6% would occur in 
neglecting terms where m > I ,  and at t = 2 sec. the error is less 
than 0.1 %. Neglecting summation terms of m > 1 and substituting 
Eq. 3 into Eq. 6 give: 


i ,  = i,,[l - 2 exp(-r*'Dt/d*)] 


Thus, the value for the effective diffusional path, I 5 ,  can be obtained 
from the slope of a plot of In (is, - i t )  uersus t where the slope is 
rzD/d*'. A typical semilogarithmic plot is shown in Fig. 6. By using 
the kinetically determined value of 15, it is possible to calculate the 
porosity, c, of the membrane through the use of the experimentally 
determined permeability, P,: 


(Eq. 7) 


P, = --TC = - i** Y 
Figure 7 shows a typical experimental result demonstrating the 


applicability of Eq. 8. The slopes of plots of current cersus con- 
centration give P,. Thus, by knowing n, F ,  D, and A (the area of the 
bare electrode, 0.232 ern.'), the porosity of the membrane, c, may 
be calculated. 


The experimental results obtained for a series of Millipore mem- 
branes are given in Table 11. The calculated values for porosity are 
in excellent agreement with the reported values for the Millipore 
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Figure 7-Relation between steady-state current and concentration 
of pnitrophenof at a rotaring carbon-disk efecirode (3000 r.p.m.) 
after successice additions of compound. The electrode is cowred with 
a Mil l ipre membrane, type GS. 


membranes. It is thought that the methodology described is well 
suited for studying both the steady-state and transient (nonsteady- 
state) characteristics of membrane transport. From Eqs. 3 and 4, 
it can be seen that the steady-state current is directly proportional 
to bulk solution concentration. If a dialysis membrane is placed 
on the surface of an electrode, macromolecules and molecules 
bound to macromolecules are excluded from reaching the electrode 
surface. The use of the methodology as a rapid means to study 
protein binding is the subject of another paper (32). 
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Use of Membrane-Covered Rotating-Disk Electrode to Study 
Binding of Drugs to Macromolecules: Competitive Binding of 
2-(4'-Hydroxybenzeneazo)benzoic Acid and 
a-(4-Chlorophenoxy)-a-methylpropionic Acid to Serum Albumins 


YIE WEN CHIEN*, THEODORE D. SOKOLOSKI', CARTER L. OLSON, 
DONALD T. WITIAK, and RALPH NAZARETH 


Abstract 0 A new technique is introduced to study the binding of 
drugs to macromolecules. The method utilizes rotatingdisk po- 
larography in which a semipermeable membrane covers the sur- 
face of the electrode. The membrane permits passage of an elec- 
troactive drug but restricts permeability of the macromolecule 
and of bound drug. The current generated at the electrode at 
steady state is directly proportional to the concentration of free 
drug in bulk solution, from which a calculation of the amount of 
drug bound may be made. The methodology used provides a com- 
plete characterization of binding within about 1 hr. and is, there- 
fore, faster than conventional techniques presently used. Another 
advantage of this technique is that relatively small amounts of the 
compounds being studied are required. The method is compared 
with equilibrium dialysis and ultrafiltration techniques by studying 
the binding of 2-(4'-hydroxybenzeneazo)benzoic acid (I) to serum 
albumin and is found to  give precisely the same results. 4 4 -  
Chlorophenoxy)-a-methylpropionic acid (ll), in previous spectre 
photometric studies, showed an anomalous effect on the binding 
of I to rat serum albumin. At low concentrations, there was an 
indication that 11 may increase the binding of I to rat serum al- 


bumin. This phenomenon was reinvestigated using the new elec- 
trochemical method; it was found that 11 competitively inhibits 
the binding of I at all concentration levels of the inhibitor. The 
conclusion is reached that I1 affects the nature of the I binding site 
rather than the number of molecules bound. 


Keyphraees 0 2-(4'-Hydroxybenzeneazo)benzoic acid binding to  
serum albumins-presence, absence of u-(4-chlorophenoxy)- 
methylpropionic acid, rotatingdisk polarography method, com- 
pared to conventional techniques 0 u-(4-Chlorophenoxy>a-meth- 
ylpropionic acid-mpetitive binding with 2-(4'-hydroxybenzene- 
azo)benzoic acid to  serum albumin, rotating-disk polarography 
method 0 Polarography, rotating disk-used in binding studies, 
compared to  equilibrium dialysis and ultrafiltration techniques 0 
Rotating-disk polarography-used in binding studies, compared to 
equilibrium dialysis and ultrafiltration techniques 0 Serum pro- 
tein binding, competitive--2-(4'-hydroxybenzeneazo)benzoic acid 
and u-(4-chlorophenoxy>u-methylpropionic acid, rotating-disk 
polarography method 0 Binding of drugs to macromolecules- 
studied using rotating-disk polarography, compared to equilibrium 
dialysis and ultrafiltration techniques 


Classical methods employed to detect and determine 
the binding characteristics of small molecules to serum 
albumin have been discussed by several authors (1-3). 
Techniques such as equilibrium dialysis, ultracentrifuga- 
tion, light absorption and rotation, and ultrafiltration 
have been used. The methods conventionally used 
require long periods of time to collect analyzable data 
and/or relatively large amounts of reactants, some of 
which can be costly, Nonequilibrium dialysis techniques 
(4-7) are generally faster and use less materials than 
conventional methods but can require cumbersome data 
analysis. The method of Meyer and Guttman (9, for 
example, takes about 6 hr. to collect data and requires 


the use of computer curve-fitting techniques to estimate 
the number of molecules bound to albumin. 


To overcome some of these disadvantages, we applied 
a technology, developed in these laboratories (8), that 
was previously used to study mass transport. The 
technique employed to study mass transport across 
membranes utilized rotating-disk polarography where a 
membrane sheet is placed on the surface of a carbon or 
mercury-coated platinum tip electrode. If the membrane 
used is semipermeable, allowing only small electro- 
chemically active molecules to penetrate, a system is 
obtained that is analogous to the thermodynamically 
well-defined equilibrium dialysis technique. There is, 
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tion. It has an editorial quality which calls for reform in both 
pharmacy education and pharmacy practice. 


Chapter 25, “Principles of Experimental Design for Clinical Drug 
Studies,” makes a unique contribution to Perspectives. It is written 
by a biostatistician who obviously is thoroughly familiar with his 
subject and lays out the concepts, requirements, design, and evalua- 
tion of clinical trials. For those who participate in clinical drug 
studies, this chapter is a valuable resource. 


Perspectives, as with many first editions has both strengths and 
weaknesses. The chief weakness, in the reviewer’s opinion, lies in 
the limited achievement of objective I for selection of subject mat- 
ter. One might question the feasibility of attempting to include an 
“orientation to the health care system’’ in a textbook on clinical 
pharmacy because of the vast and complex nature of the subject. 
It is also obvious in some chapters that the authors are making a 
deliberate attempt to relate their subject matter to clinical phar- 
macy--a“bending” to accommodate a new concept. This appears to 
illustrate a statement under “Conclusions and Definitions,” Chap- 
ter 2, which speaks of the loss of the medicine-making function (by 
pharmacists) to the pharmaceutical industry: ‘ I .  . .the profession 
has sought to replace it with a ‘new’ thing-and today clinical 
pharmacy is the ‘thing.”’ 


A new textbook that enjoys certain historical significance because 
of the time of its appearance and its subject matter often causes a 
critical reader to question the impact that the book will have on 
others, in this case the profession. A foreword for perspectives was 
written by Professor Alex Berman who addressed himself to this 
question: “If the perspectives in clinical pharmacy revealed in this 
work become widely accepted in American pharmacy, can anyone 
doubt that this would have a profound impact on the profession 
and that it would grow enormously in social esteem‘! But such an 
acceptance will require a conscious change of direction and goals 
as well as a planned restructuring of economic and institutional 
aspects of pharmacy.” The reviewer can only agree with Professor 
Berman’s statement. 


In  summary, Perspectices in Clinical Pharmacy, has many features 
which will direct its use both as a textbook and a reference source. 
The reader will be left to ponder some of the philosophical matters 
that the book raises, particularly those that deal with the clinical 
pharmacy concept. In the final analysis, these matters are of lesser 
significance than those raised by the subject matter of the book. 
There are chapters in Perspectires that approach state-of-the-art 
presentations of certain areas of pharmacy practice and thesc will 
be the ultimate determinants of its usefulness to students and 
practitioners. 


Reviewed by Donald C. Brodie 
ChieA Pharmacy Related Programs Branch, National Center /or 


Healih Services Research and Development, Health Services and 
Mental Health Administration 


Rockville, MD 20852 8 


Stereodmnistry and Its Application in Biachemistry, The Relation 
between Substrate Symmetry and Biological Steteospedficity. By 
WiLLiAM L. ALWORTH. Wiley-Interscience, 605 Third Ave., New 
York,NY 10016,1972. 311 pp. 14.5 X 22.5cm. PriceS16.95. 
Appropriately, the opening chapter of the book starts with a 


discussion of the valuablecontribution made by Ogston who pointed 
out that an asymmetric enzyme can distinguish between identical 
groups on a symmetrical enzyme. This point is further elaborated in 
a separatechapter on biochemical dserentiation between chemically 
like, paired groups. The stereospecificity of fumarase, citrate 


synthetase, aconitase, and alcohol dehydrogenase reactions is nicely 
condensed. For the nonchemistry majors, the introductory informa- 
tion on molecular asymmetry and biological stereospecificity, the 
standardconfiguration designations such as D, L system, and sequence 
rule are provided. Simple, selected examples for the determination of 
absolute configurations of the isomer are well presented. About 15 
pages are devoted to the substrate stereospecificity of the well- 
studied enzyme, a-chymotrypsin. It emphasizes the value of stereo- 
isomers in mapping the active site of the enzyme. The information 
will be useful to pharmacologists and other biologists who are 
interested in using D and L isomers as  a tool to probe drug-sensitive 
pharmacological receptors. 


The final chapter covers the additional examples of biological 
stereospecificity of the tricarboxylic acid cycle. The biological stereo- 
specificities in the squalene biosynthetic pathways should be par- 
ticularly useful to the medicinal chemist. A proper design of anti- 
cholesterol agents should come from the proper understanding of 
biochemistry and stereochemistry of the system. One related topic 
on cisand trans isomers of retinine is not discussed in the text. 


Throughout the book, the important statements and words are 
presented in italics. The illustrations are simple, clear, and creative. 
In the preface, the author states that “all students will profit by 
considering their study of molecular symmetry and biologic stereo- 
specificity as a vital part of an introduction to the field of biochem- 
istry.” The statement is very true. Due to his background in bio- 
organic chemistry, the author has kept a proper balance between 
biochemistry and stereochemistry. 


For faculty, as well as graduate students, the book should serve as 
an excellent reference. 


Reviewed by P. N. Patil 
College of Pharmacy 
Ohio State Universiiy 
Columbus, OH 43210 8 
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Interaction of 3-Quinuclidinol and 
Its Derivatives with Acetylcholinesterase 


R. PYTTEL and J. B. ROBINSON. 


Abstract 0 The preparation of R-(-)-3quinuclidinoI and its ace- 
tate ester is reported. These compounds, together with their race- 
mates, were tested as inhibitors and substrates of the enzyme acetyl- 
cholinesterase. The results suggest that the enzyme active site is 
stereospecific toward R-( - )-3quinuclidinol hydrochloride when 
acting as an inhibitor. Both (f)- and R-( -)-3-acetoxyquinuclidine 
hydrochloride are substrates of the enzyme, but the S-enantiomer 
probably has some affinity for the enzyme also. 


Keyphrases 0 3-Quinuclidinol and derivatives-tested as inhibitors 
and substrates of acetylcholinesterase Acetylcholinesterase-3- 
quinuclidinol and derivatives tested as substrates and inhibitors 0 
R-(-)-3-Acetoxyquinuclidine hydrochloride-tested as substrate 
of acetylcholinesterase 


Table I-Enzymatic Hydrolysis and Inhibition of Ox 
Erythrocyte Acetykholinesterase 


Vm.. .- 
K m  8pp x x I?' 


Substance lo4 M M/min. 


Acetylcholine 2.7 9 . 5  
(=k)J-Quinuclidinol hydro- - - 


chloride 
R-( -53- uinuclidinol - - 


11 .o 1.9 
hydroc fl oride 


(+)-3-AcetoxvauinucIidine 
hydrochloride 


R-( -)-3-Acetoxyquinuclidid~ 4.2  1 . 8  
hydrochloride 


Ki X 
10' M 


- 
3.4 


1.74 
- 
- 


The activity of the enantiomers of 3-acetoxyquinu- 
clidine methiodide, when tested as muscarinic agonists 
or as substrates for the enzyme acetylcholinesterase 
(I) ,  has been shown to reside predominantly in the 
enantiomer of the R-configuration (2). However, the 
tertiary amine derivative, ( ~k))-3-acetoxyquinuclidine 
hydrochloride, has been shown to be a more potent 
muscarinic agonist than its quaternary analog (3, 4) 
and to act as a substrate for the enzyme acetylcholines- 
terase (5).  


The present work reports the preparation of R-(-)-3- 
quinuclidinol hydrochloride (I: R = H) and R-(-->3- 
acetoxyquinuclidine hydrochloride (1: R = CHaCO), 
together with the corresponding racemates, and the 
testing of these compounds as inhibitors and substrates, 
respectively, of the enzyme acetylcholinesterase. 


EXPERIMENTAL' 


(& )-3-Quinuclidinol [m.p. 220-222", lit. (6) m.p. 221-223'1 hy- 
drochloride [m.p. >Moo dec., lit. (6) m.p. >300'] was resolved 
according to literature methods ( I ,  6) using camphor-10-sulfonic 
acid. Four recrystallizations gave a salt, [a]: -0.73' (c, 6.8, 
water), from which R-( -)-3quinuclidinol was isolated, m.p. 
219-220" (benzene),[& -36" (c, 3.1,1 N HCI)[lit. ( I ) [ &  -37.1' 
(c, 3.0, 1 N HCI)]. The hydrochloride had m.p. >Moo dec. (ethanol), 
[a]: -27.6'(c, 1.1, water). 


On acetylation (I) ,  R-( - )-3quinuclidinol gave R4+)-3-ace- 
toxyquinuclidine, b.p.,, 101-102"; [a]? +24.1° (c, 2.5, water)[lit. (1) 
[a]:;' +28.5 (c, 3.0, ethanol)]. The IR spectrum (liquid film) was 


H @- 


identical to that of an authentic sample. The hydrochloride salt 
had m.p. 200-201°. [a]: -4.50" (c, 1.8, CH,OH). 


(3=)-3-Acetoxyquinuclidine had a boiling point of 103-104'/10 
mm. @it. (7),b.p. 113-115'/11 mm.] and an IR spectrum (liquid 
film) identical to that of an authentic sample. 


Bovine erythrocyte acetylcholinesterase* was used, and the com- 
pounds were tested as substrates or inhibitors as previously de- 
scribed ( I ,  8). All solutions of quinuclidine derivatives were freshly 
prepared immediately before uk, and the solutions were adjusted 
to pH 7.4 with the appropriate titrant before being made up to the 
required volume. Values of K, 8pp9 VmX, and Ki were calculated 
from conventional double-reciprocal plots (Table 1). 


DISCUSSION 


Both (+)- and R-(-)-3-quinuclidinol hydrochloride are weak 
competitive inhibitors of the enzyme-catalyzed hydrolysis of acetyl- 
choline, the interaction being highly stereoselective in favor of the 
enantiolfier having the Rconfiguration. Theoretical calculations 
(9) suggest that the S-(+)enantiomer has some very weak inhibi- 
tory activity, but the preeision of such calculations under the present 
conditions is extremely dhited. 


Tests of the substrate specificity of 3-acetoxyquinuclidine hy- 
drochloride show a similar selectivity. the activity being resident 
primarily in the R-( - knantiomer. The derived Lineweaver-Burk 
plots for the racemate and R-(- knantiomer do suggest, however, 
some slight enzyme inhibitory effect of the S-(+)enantiomer and 
this is reflected in the computed values of V,, and K m  8pp (Table I). 
Thus, S-(+)-3-acetoxyquinuclidine hydrochloride would appear 
to have some affinity for the enzyme active site. This is in contrast to 
the previously reported results (1) on the enantiomers of 3-acetoxy- 
quinuclidine methiodide, in which the value of K, was, within 
experimental error, equal for the (* )- and R-( - knantiomers (8.12 
and 7.95 X 10-4 M, respectively) and V,, for the R-(-)-enan- 
tiomer was approximately double that of the racemate (1.50 and 
0.835 X 10-6 M/min., respectively), indicating a lack of affinity 
of S-(+)-3-acetoxyquinuclidine methiodide for the enzyme active 
site. 
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Biochemical Interactions of Dimethyl Sulfoxide I: 
Respiratory Inhibition 


ROBERT L. BEAMER', JAMES E. WYNN, and RAFAEL E. LEDESMA* 


Abstract 0 The effect of dimethyl sulfoxide upon rabbit liver 
homogenates was determined with the Warburg respirometer. 
Lineweaver-Burk treatment of the data indicated that the respira- 
tion was competitively inhibited by dimethyl sulfoxide. 


Keyphrases 0 Dimethyl sulfoxide-effect on rabbit liver homog- 
enates. Warburg respirometer 0 Respiratory inhibition-di- 
methyl sulfoxide. effect on rabbit liver homogenates, Warburg 
respirometer 0 Warburg respirometer-effect of dimethyl sulf- 
oxide on rabbit liver homogenates 


During recent years there has been widespread in- 
terest in the clinical effects and applications of dimethyl 
sulfoxide. Toxicological studies have demonstrated a 
low acute toxicity, as indicated by higher LDjo values 
from intravenous, oral, and subcutaneous adrninistra- 
tion ( I ,  2). 


Long-term administration of dimethyl sulfoxide pro- 
duced changes in tissue morphology, such as reduced 
relucency of the lens cortex in dogs (3) and changes in 
hepatic cell morphology in rats (4). Teratogenic effects 
of dimethyl sulfoxide have been observed in various 
experimental animals (e.g., chicks and golden hamsters) 
(5-7). However, few investigations have been reported 
concerning the effects of dimethyl sulfoxide on bio- 
chemical systems (8). This study was designed to pro- 
vide preliminary data concerning the effects of dimethyl 
sulfoxide at the enzyme level. 


EXPERIMENTAL 


Materials-Dinrt.rhy1 Sitl/oxide-Experimental drug grade di- 
methyl sulfoxidel was redistilled under reduced pressure (100" at 2 
mm.). 


Serum Substrute-The substrate was prepared by diluting lyophi- 
lized bovine serum2 to a specific gravity of 1.0210 with glass-re- 
distilled water. 


Apparatus-The Warburg Itisrrumenr-A Warburg respirometer', 
equipped with one-arm. 15-ml. reaction vessels with center wells, was 
used. The center wells contained 0.2 ml. of 15% KOH and a What- 
man No. 1 filter paper wick. The amplitude of flask travel was 4 
cm. at a rate of 60 c.p.m.; the water bath temperature was 37". 
Warburg manometers were filled with Kreb's manometric fluid 
(9, 10). density 1.0334. 


C-H-N Analyzer-A carbon-hydrogen-nitrogen analyzer' was 
utilized to determine the nitrogen content of animal tissue. 


Preparation of Animal Tissues-Four albino rabbits, weighing 
approximately 1.4 kg. (3 Ib.) each and in apparent good health, were 
quarantined for 2 weeks; they were fed rabbit pellets' and given 
water ad libitum. Each day they were examined for symptoms of 
disease. 


At the end of the quarantine period, the animals were sacrificed 
by placing them in a closed container with dry ice. The livers im- 
mediately were removed, rinsed in cold Ringer's solution, weighed, 
inspected for gross abnormalities, and placed in cold (0-4") 0.06 M 
sodium phosphate buffer at pH 7.4 ( 1  ml. buffer/g. wet tissue). The 
wet liver appeared normal and weighed 54.80-56.51 g. Small seg- 
ments of each liver were dried at IOO", and their dry-to-wet ratios 
and nitrogen contentsweredetermined. The mean value of the dry-to- 
wet weight ratio was 0.7735 with a standard deviation of 0.256; the 
mean nitrogen content was 10.62x with a standard deviation of 
0.21. 


The livers were homogenized individually in a cold Virtis homoge- 
nizer, pooled, and further homogenized in a test tube homogenizer6. 
The homogenates were placed in test tubes, sealed with sulfide-free 
rubber stoppers, and rinsed with glass double-distilled water. The 
homogenates were stored in a freezer. 


Inhibition Studies-Inhibition studies were performed using the 
Warburg technique ( I  I ) .  The homogenates were thawed for ap- 
proximately 60 min. at 6". A constant liver homogenate volume 
containing 3.84 X I@* g. of nitrogen was used throughout. The 
flasks and their contents were incubated for 10 min. at 37" prior to 
initiating the reaction. The lyophilized serum substrate concentra- 
tion for apparent maximal liver respiration (apparent V,,,) ( I  2) was 
found to be I .7 X lo-* g./ml. 


Studies were then performed to determine the minimal concen- 
tration of dimethyl sulfoxide that would produce significant respira- 
tory inhibition. The results were analyzed statistically and the ki- 
netics of inhibition were evaluated by Lineweaver-Burk plots con- 


1 Crown Zellerbach Corp. 
1 Nutritional Biochemicals Corp. 


* Model 18U, Precision Scientific. 
4 Hewlett-Packard model 185. 
8 Purina. 
6 Model 8335, Ace Glass Co. 
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Drug Transfer across Intact Rat Intestinal Mucosa following 
Surgical Removal of Serosa and Muscularis Externa 


DONALD L. WOLFE*, STEVEN C. FORLAND*, and LESLIE 2. BENET' 


Abstract 0 The in oitro absorption kinetics for salicylate ion were 
followed through rat intestinal membranes from which the serosa 
and longitudinal and transverse layers of the muscularis externa 
had been removed. Techniques are described where up to 15 cm. of 
intestine may be stripped of musculature so that absorption studies 
may be carried out utilizing commonly employed irz vitro methods 
such as the everted sac, the CraneWilson technique, and a per- 
fusion apparatus. A histological examination of the stripped in- 
testinal mucosa showed that the section consisted of epithelium, 
underlying lamina propria, muscularis mu-. and submucosa. 
The latter two layers do not remain when mucosa is isolated by 
scraping off the mucosal surface with a glass slide, but they are 
necessary for maintaining an intact epithelial membrane during 
in virro transport studies. Transfer rates were measured using 10 cm. 
of everted intestine in a perfusion apparatus and 5 cm. of everted 
intestine made into a Crane-Wilson sac. Absorption rates for salicy- 
late through stripped intestinal segments were found to be 1.5-1.8 
times greater than those found with nonstripped segments. 


Keyphrases 0 Drug transfer-in oitro-in oioo correlations improved 
serosa and muscularis externa removed from intact rat intestinal 
mucosa 0 Transfer fates-procedure for removal of serosa and 
muscularis externa from intact rat intestinal mucosa preparations, 
improved in cirro-in oivo drug transfer correlations 0 Absorption 
kinetics, in uitro-salicylate ion through rat intestinal membrane 
stripped of serosa and muscularis externa. improved correlation 
with in vivo data IJ Intestinal mucosa preparation, rat-procedure 
for stripping serosa and muscularis externa to improve in oitro-in 
vico drug transfer correlations 


Since many intestinal absorption studies in the phar- 
maceutical sciences are done employing in oitro tech- 
niques, the obvious question arises: What correlation 
can be attached to observations made from in oitro 
studies and events occurring in oioo? Ideally, one would 
hope that the information gained from studying absorp- 
tion mechanisms can be applied ultimately to the design 
of more predictable and more effective oral drug dosage 
forms. 


As pointed out by Turner et al. (I), a number of 
studies in the literature showed large differences between 


in oitro results and those expected upon the basis of 
in oioo hypotheses. While one cannot expect in oitro 
preparations to provide a direct reflection of in uioo 
events, one can hope to gain insight into mechanisms 
that are difficult or impossible to elucidate in oioo. 
However, the reliability of in oitro observations in pro- 
viding meaningful information depends upon experi- 
mental conditions conducive to optimum physiological 
activity. Up to the present time, three commonly em- 
ployed in oitro techniques have been utilized in studying 
drug absorption: the everted sac method of Wilson and 
Wiseman (2), the CraneWilson method (3), and a 
perfusion apparatus (4, 5 )  where transmembrane po- 
tentials are neither measured nor short circuited. Some 
of the problems inherent to these in oitro methods that 
may be contributory to in vitro versus in aim absorption 
discrepancies are: (a) maintenance of biological vi- 
ability, (b)  maintenance of structural integrity, and ( c )  
artifactual influences due to unnatural absorption 
barriers. 


A number of workers have investigated the extent 
of viability of excised gut preparations. Under con- 
trolled conditions, rather constant metabolic activity 
for 2-3 hr. was demonstrated with the rat intestine by 
Bramford (6) and Jordana and Ponz (7) through oxygen 
consumption studies and by Robinson and Felber (8) 
with L-methionine and L-phenylalanine uptake. Dura- 
tion of viability during drug absorption studies would 
be affected by drugs that are toxic to, or interfere with, 
metabolic mechanisms and/or the use of bathing solu- 
tions (especially buffered solutions) that are not of 
optimum physiological compatibility. 


The problem of structural integrity has been considered 
by some (9,lO) to be even more crucial to the absorption 
processes than viability, especially where passive mecha- 
nisms seem to predominate. Alteration in structural rela- 
tionships certainly would have a major influence upon the 
passive absorption of drugs and, consequently, the ques- 
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tion of discriminating between absorption mechanisms 
becomes a moot point. Levine et al. (9) made histologi- 
cal studies of everted rat gut preparations and found that 
although the intestinal sacs were morphologically intact 
after eversion, they began to lose structural integrity 
rapidly after 10-15 min. of incubation under conditions 
normally employed (oxygenated Krebs-Henseleit buffer 
at  3 7 O ) ,  even in the absence of drug. This phenomenon 
has been attributed to fluid uptake into the tissue (water 
follows mucosal to serosal sodium flux), with the re- 
sultant distension due to the loss of a functional vascular 
system into which the accumulated water and solutes 
are normally dissipated. 


Benet et al. ( I I ) ,  Mayersohn et al. (12), Mayersohn 
and Gibaldi (l3), and Morishita et al. (14) demonstrated 
that the presence of various cations and solutes in the 
bathing buffer solution can affect the transfer rates of 
certain drugs across intestinal membranes. The degree 
of inhibition is believed to be correlated to the degree of 
fluid uptake by the tissue under the influence of the 
presence or absence of these cations and solutes. Benet 
ef al. ( I  1)  suggested that the determination of the con- 
stancy of transfer rate as a function of time might be a 
valid approach to assessing the functional integrity 
( i x . ,  both biological and structural) of the everted gut 
preparation. These workers found that a Krebs-Hen- 
seleit, pH 7.4 buffer maintained constant transport 
rates over 2 hr. Although Mayersohn er af. (12) demon- 
strated decreased transfer rates for polar compounds in 
the presence of glucose, Taraszka (15) made a gross 
observation (without histological examination) that 
inclusion of 10 mM glucose in the buffer appeared to 
enhance the structural durability of her cannulated rat 
gut preparations. 


Finally, there is the consideration of overcoming the 
artifactual influences due to unnatural absorption 
barriers. One difficulty in extrapolating in oitro flux data 
to the in oioo transport of drugs is the fact that the in 
oifro fluxes are measured through the columnar epi- 
thelium plus the underlying connective and muscle 
tissue. Therefore, the rate-limiting step for in D i m  
transport might well be the intestinal musculature, a 
barrier that would not be encountered during in O I O O  


transport. Nayak and Benet (16) attempted to measure 
the transport rate through rat intestinal musculature 
after the columnar epithelium was removed by edetic 
acid treatment. Their findings-high transfer rates 
through the muscle layer and no difference in direc- 
tional transport-were in accord with earlier observa- 
tions (17, 18) that the selective and absorptive elements 
in the absorption of various drugs are epithelial. Cur- 
rently, drug transport across the short-circuited epi- 
thelial membrane is being followed using radioactive 
tracers, following the removal of the intestinal mus- 
culature by surgical techniques. Field et af. (19) observed 
that the transmural potential and sodium transport 
capacity of the intestinal mucosa are better maintained 
in oirro if the muscularis is removed. A possible explana- 
tion for this observation may be that the unstripped 
intestine is relatively hypoxic due to an interference by 
the muscularis externa with oxygen diffusion from the 
serosal bathing solution to the basal surface of the epi- 
thelium. 


Considering this information, it would be advan- 
tageous to carry out in oitro mucosal absorption studies 
across gut preparations stripped of musculature. The 
purpose of this study was to develop techniques for the 
removal of the muscularis externa from large segments 
of rat intestine so that transport studies across the 
mucosa could be carried out using any of the three 
commonly employed in oirro techniques. Since the 
problems of biological and structural integrity involved 
with these methods have been investigated and defined, 
greater control over those parameters is possible. 


EX PER1 MENTAL 


Meterlels-The following USP, NF, or reagent grade chemicals 
were employed: sodium salicylate, monobasic sodium phosphate 
with one water of hydration. dibasic sodium phosphate anhydrous, 
sodium chloride, calcium chloride. magnesium sulfate with seven 
waters of hydration, sodium bicarbonate, oxygen carbon dioxide 
gas (95 : 5). and air-carbon dioxide gas (95 : 5 ) .  


Surgical Procedures-Male Sprague-Dawley rats, weighing 
2sQ 300 g , were allowed free access to both food and water prior 
to the expenment. The rats were sacrificed by a sharp blow at the 
base of the skull. The small intestine was exposed CIU a midline 
abdominal incision. and the gut was wetted with a pH 7.4 Krebs 
bicarbonate buHer ( 1  1). which was used throughout the experiment. 
The first 25 or 65 crn. of gut distal to the pylorus was discarded. 
depending upon which Section of intestine wa5 to be examined. 
The next 30 cm. of the intestine was flushed with approximately 
20 ml. of the pH 7.4 buffer at  room temperature. The 30-cm. seg- 
ment was then cut into appropriate lengths. depending on the pro- 
cedure to be followed as discussed below. Sections of intestine were 
then slid onto gla~ss rods with tapered points that had been pre- 
wetled i n  the pH 7.4 buffer at  room temperature, and then the 
intestine and rod were placed in buffer chilled on an ice bath (3-4"). 


The following procedures were carried out on  only one-half of 
the segments placed onto the rods. The fat and mesentery were 
pulled loose along the mesentery reflection with a pair of tweezers. 
The serm and longitudinal and transverse layers of the muscularis 
externa were loosend, starting at the point of the mesentery reflec- 
tion and working around the intestine in both directions. This was 
done until about 2.54 cm. ( I  in.) of the intestine was free of these 
layers at  the mesentery reflection and the reverse side had about 
0.32 cm. (0.12 in.) free. The remaining length of intestine was 
stripped by loosening the layers of the mesentery reflection and 
progressively moving the stripped front down the length of the 
section. (Tissue layers are diagrammatically shown in Fig. I .) 


artery 
vein 


circular 
smooth 
muscle 


longitudinal 
smooth 
muscle 


submucosa 


muocularis 
externa 


serosa 


Flgwe I-Diagrammatic represenlafron o/ the small mtesrlne in 
cross section. 
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Figure 2-Sample data plot for the absorption of salicylate through 
stripped (0) and notistripped (m) everted rat intestine 25 cm. distal to 
the pyloric junction, using a perfmion apparatus. Outside solution = 
I mg./ml. drug in isotonic pH 7.4 Krebs bicarbonate buffer. Initial 
absorption rates through stripped segment = 1.77 mcg./ml./min. and 
through notistripped segment = 1.20 mcg./ml./min. Ratlo of rates 
strippedlnonstripped = 1.48. 


All sections of the intestine (stripped and nonstripped) were then 
slipped off the glass rods into the bathing solution at 3-4". The 
sections were placed into pH 7.4 buffer at room temperature and 
then everted. 


Perfdon Experiments-Adjacent 15-cm. everted intestinal 
segments, one from which the muscularis externa had been removed 
and one intact, were placed on perfusion devices and absorption 
studies were carried out following the techniques previously de- 
scribed (1). The inside compartment of each apparatus was filled 
with pH 7.4 buffer, and the outside compartments were filled with 
pH 7.4 buffer containing lo00 mcg./ml. salicylate as the sodium 
salt. Six 0.1-ml. samples were removed from the inner chamber of 
each apparatus at the following times after the perfusion experi- 
ment was begun: 10, 15,M, 25.30, and 35 min. 


Crane-Wilson Studies-Four successive 6.5-cm. sections of 
intestine were obtained; two were stripped of the external mus- 
culature, and the remaining two were reserved as nonstripped con- 
trols. In successive runs, the order of the segments used for stripping 


Table I-Salicylate Transfer across Stripped and Nonstripped 
Segments of Everted Rat Intestine with Perfusion Apparatus 


I Rat Number . 
1 2 3 4 5 


S t r i p e  rate, mcg./ml./min. 1.69 


Ratio of.rates stripped/ 1.59 


Stripped clearance, ml./ 0.152 


Nonstri ped rate. 1.06 


nonstripped 


hr./cm. 
Nonstnpped clearance 0.096 
Lag time; min. 


Stripped 6.2 
Nonstripped 7.5 


Stripped rate, mcg./ml./min. 1.94 
Nonstripped rate 1.30 
Ratio 1.49 
Stripped clearance, 0.175 


ml./hr./cm. 
Nonstripped clearance 0.117 
Lag time, min. 


Stripped 2.8 
Nonstripped 4.2 


2!i cm. 
2.21 2.73 
1.25 l.% 
1.77 1.39 


0.199 0.246 


0.112 0.176 


5.7 4.0 
7.4 5.4 


65 cm. 
1.84 l.% 
1.22 1.31 
1.51 1.50 
0.166 0.176 


0.110 0.118 


2.4 2.7 
4.7 6.2 


1.77 
1.20 
1.48 


0.159 


0.108 


3.7 
6.6 


2.13 ~. .~ 


1.32 
1.61 
0.192 


0.119 


4.2 
6.0 


2.24 
1.53 
1.46 


0.201 


0.137 


2.9 
5.7 


2.09 -. .~ 


1.23 
1.70 
0.188 


0.111 


3.7 
6.3 


Table II-Salicylate Transfer across Stripped and Nonstripped 
Segments of Everted Rat Intestine with CraneWilson Apparatus 


Rat Number 
1 2 3 4 5 


Strip@rate,mcg./ml./min. 4.37 4.55 4.35 4.61 4.50 
Nonstripped rate 2.24 2.68 2.39 2.56 2.22 
Ratioofratesstrippedl 1.95 1.70 1.82 . 1.80 2.03 . -  . 


nonstripped 


ml./hr./cm. 
Stripped clearance, 0.158 0.164 0.157 0.166 0.162 


Nonstrippedclearance 0.081 0.096 0.087 0.092 0.080 
Lag timi: min. 


Stripped 
Nonstripped 


5 . 5  7.1 4.6 2.9 4.7 
6.8 8.5 7.2 6.8 6.4 


66 cm. 
Strippedrate,mcg./ml./min. 5.22 3.73 4.44 5.71 4.66 
No~ytripped rate 3.24 2.74 3.35 3.43 3.23 
Raho 1.61 1.36 1.33 1.66 1.44 
Stripped clearance, 0.188 0.134 0.162 0.206 0.168 


Nonstrippedclearance 0.118 0.099 0.121 0.123 0.117 
ml./hr./cm. 


Lag time, min. 
Stripped 
Nonstripped 


5.4 4.1 6.0 5.3 2.1 
5.6 7.0 5.1 5.9 3.7 


was alternated. Following eversion, cannulated sac preparations 
were made from the gut segments in the manner described by Crane 
and Wilson (3). The reservoir of each gut segment was filled with 
3 ml. of pH 7.4 buffer, and the gut was immersed in 15 ml. of pH 
7.4 buffer containing loo0 mcg./ml. salicylate as the sodium salt. 
Six 0.1-ml. samples were withdrawn at 5-min. intervals beginning 
with11 = 10min. 


Assay Procedures-The 0.1-ml. samples were diluted with 5.0 
ml. of 0.1 N sodium hydroxide, and drug concentrations were 
determined spectrophotofluorometrically as described previously 
(1). Blank values were sufficiently low at all times during the sam- 
pling period and could be ignored. Plots were made of the concentra- 
tion in the inner chamber oersus time, as shown in Fig. 2 for a typical 
perfusion study. Rates of transfer, intercepts, and ratios were ob- 
tained by the use of a weighted least-squares CPS program'. Weights 
were assigned as the inverse of the concentration squared; thus, 
theoretically, all data points are assumed to be equally accurate. All 
statistical comparisons were tested at 957, or greater confidence 
levels using Student's I test. 


Histological Examination-A histological examination was also 
made to compare an untreated, uneverted intestinal segment with 
stripped and control everted preparations to confirm which ana- 
tomical portions of the membrane were removed and to assess the 
extent of mucosal trauma induced by the procedures. The tissues 
were fixed in formalin solution and stained with hematoxylin and 
wsin. 


RESULTS AND DISCUSSION 


The rate data were determined as described previously (1) and 
are reported in Tables I and 11. Clearance values, in units of milli- 
liters per hour per centimeter of intestinal length, were calculated 
by dividing the rate of drug transport across the intestine by the 
product of the drug concentration in the outside compartment and 
the length of the intestinal segment. Equation 1 defines clearance in 
terms of Fick's law parameters: 


(Eq. 1) dQi/dt - DnRrnla A m  


(C.)(length) - (Ax,) (length) clearance = 


where: 


Qi = amount of salicylate in the inside compartment at any 
time, I 


I Executed on an IBM 360/50 computer through a 2741 remote ter- 
minal. 
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Table III-Summary of Data Resented in Tables I and I1 (Averages and Standard Deviahonsj 


, Perfusion --------Crane-Wilson- 
25 cm. (*SD) 65 cm. (fSD) 25 cm. (*SD) 65 cm. (*SD) 


Stripped rate, mcg./ml./min. 2.13 (0.42) 1.99 (0.18) 4.48 (0.11) 4.75 (0.76) 
Striooed clearance. ml./hr./cm. 0.191 (0.037) 0.179(0.011) 1.161 (0.004) 0.172 (0.027) 


~ . .  
Nonitripped rate 1.40(0.36) 1.28 (0.05) 2.42 (0.20) 3.20(0.27) . 


0.087 (0.007) 0.116 (0.010) Nonstri pedclearance 0.126 (0.032) 0.115 (0.004) 
1.56 (0.09) 1.86(0.13) 1.48 (0.15) Ratio oFrates (or clearances), 1.54 (0.15) 


strippedlnonstripped : 
Lag tlme, min. 


Strip@ 
Nonsmpped 


4.5(1.4) 3.2(0.8) S(1.5) 4.7 (1.3) 
6.5 (1 .O) 5.5 (1 .O) 7.1 (0.8) 5.5(1.2) 


D,,, = effective diffusivity of salicylate in intestinal membrane 
A, = total area of the membrane available for d c y l a t e  dif- 


R,/. 5 partition co:fEcient for salicylate between the membrane 


Ax, = thickness of the membrane 
C,, = concmtration of salicylate in the outside compartment at 


Since salicylate was used in all runs at the same outside concentra- 
tion (lo00 mcg./ml.) and at the same pH, it seems reasonable to 
conclude that D, and Rm/, are constant throughout all experiments. 
Assuming that there is no significant difference in the circumference 
(AJength) of the intestinal segments used, clearance should equal 
a constant divided by the thickness of the intestinal strip. In Tables 
I and 11 the ratios reported are the rates through the stripped seg- 
ment divided by the rates through the nonstripped segment, both 
from the same rat. This ratio should exhibit an inverse relation with 
respect to the thickness of the intestine, Le., the greater the ratio 
the thinner the intestine. 
Lag times (Tables I and 11) should be directly related to the thick- 


ness of the intestinal wall. That is, the thinner the intestinal wall, 
the shorter is the time required for a steady state to  be reached in the 
membrane. This is reflected in the shorter lag times seen for the 
stripped intestine as compared to those for the nonstripped intestine 
(Table 111). 


The average ratios of the clearance through the stripped segment 
to clearance through the nonstripped segment, as well as average 
lag times, are given in Table 111. The inverse relation of the ratios 
and the direct relation of lag time to thickness were not found to be 
related by an absolute proportionality constant. This result Is cer- 
tainly due to the heterogeneity of the cell types and tissues densities 
encountered in transport. For example, the cellular composition of 
the submucosa is less dense than that of the muscularis externa, 
which is surgically removed from the stripped segment. Although 
an absolute proportionality cannot be made between lag time or 
rate of absorption and thickness, it should be noted that the average 
ratios for perfusion at 65 cm. (Table 111) and for perfusion at 25 
cm. have values close to the ratios of the average lag times (i.e., at  
65 cm., the lag time ratio is 1.72; at 25 cm., the lag time ratio is 
1.44). 


During this work, several other experiments were undertaken to  
determine the significance of: (a) the effect of using 95% air with 
5 % COI cersus the effect of using 95 % 0 8  with 5 % COI to oxygenate 
the preparations during each run, (b) the effect on the rate of trans- 
port of aerating the inside Compartment in the Crane-Wilson 
studies versus nonaeration, and (c) differences between rates of 
absorption 25 and 65 cm. distal to the pylorus. In the trials under- 
taken to determine the effect of 95% 0 9  wrsus 95% air, no sig- 
nificant difference was found either in the rates of absorption or in lag 
times. In the studies to determine the effect of aerqting the inside 
compartment in the CraneWilson method, no advantage in total 
oxygenation was found over the method in which only the outside 
of the compartment was oxygenated. However, problems arose 
when the inside compartment was oxygenated, since air bubbles 
occasionally became lodged in the intestine, thereby separating the 
fluid at the bottom of the cannulated sac from that at the top and, 
thus, preventing uniform mixing of the inside fluids. For this reason, 
oxygenation of the inside compartment was discontinued and all 
reported Crane-Wilson data were obtained with outside aeration 
only. Experiments were also run to determine if any significant 
difference in absorption rates would be obtained through intestinal 


fusion 


and solvent 


any t'me, f 


segments 25 and 65 cm. distal to  the pylorus. In Table 111 it can be 
seen that the ratios of rates or clearances (stripped to nonstripped) 
for perfusion studies at 25 and 65 cm. and for Crane-Wilson studies 
at 65 cm. are not significantly different. The nonstripped Crane- 
Wilson studies at 25 cm. are significantly different ( p  < 0.05) than 
the other threz ratios, but no explanation for this difference can 
be offered at this time. 


It would appear that an artifact could be introduced as a function 
of the design of the apparatus itself. Normally, in carrying out 
studies using the CraneWilson type of sac, a small weight is at- 
tached to the bottom end of the intestinal segment so that the seg- 
ment remains taut during the absorption run. However, weights 
were not used in this experiment since once the muscularis externa 
is removed the stripped segments tend to stretch to a length of about 
8 cm., even when no weight is attached. This extension is due to  the 
effect of the pressure head of water in the internal reservior. This 
phenomenon was not noted in the perfusion apparatus where there 
is a continuous flow of fluid through the tissue segment. 


This work was designed to develop a well-founded and easily 
utilized in v i m  procedure for studying drug absorption under condi- 
tions simulating in vim, transport. Therefore, a technique was de- 
veloped for removing the serosa and the two layers of smooth 
muscle that form the muscularis externa, so that these anatomical 
portions of the rat intestine cannot serve as absorption barriers 
to drug transport. Up to the present time, all in vitro intestinal a b  
sorption studies with drugs have measured transport across the total 
thickness of the intestine, including the muscularis externa and 
serosa as shown in Fig. 1. However, as can be seen in Fig. 1, the 
capillary supply to the intestine is in the base of the submucosa, 
at a point in the membrane proximal to the muscularis externa 
when transport occurs from the intestinal lumen to blood. 


To ascertain which anatomical portions of the intestine had been 
removed by the surgical procedures and to make sure that the struc- 
tural integrity of the mucosal border had been maintained, histolog- 
ical studies of the everted rat gut preparations were undertaken. 
Four photographs, representative of the observations made, were 
taken of the intestine of a single rat. Figures 3a and 36 are of a cross 
section of rat jejunum on which no mechanical manipulations have 
been performed. That is. this section was neither placed on glass 
rods nor everted. The portions of the intestine in the lower half of 
Fig. 36 me those layers of muscle removed by the surgical procedure; 
Fig. 3c was made from a section of rat jejunum that would serve 
as the nonstripped control segment discussed with respect to Tables 
I and 11. This section was placed on the glass rod, subjected to ice 
bath temperatures, removed from the rod, brought back to  room 
temperature, and everted. Figure 3d was made using a section of rat 
jejunum that had undergone the surgical procedure to remove the 
serosa and muscularis externa, as described in the Experimenfal 
section, as well as the procedures listed for the control above. 


At the start of this experiment, it was feared that the integrity 
of the epithelium and underlying submucosa would be damaged by 
the stripping and eversion process. As can be seen by comparing 
Fig. 30 with Fig. 3d, there was no damage to the epithelium or to 
the integrity of the submucosa of the stripped segment. Figure 3c, 
depicting an intestinal section subjected to control procedures, 
indicated that the control process and eversion of the intestine 
cause some disruption of the muscularis externa, in comparison 
to the untreated section in Figs. 3a and 36. The control procedure 
could account for the fact that the clearance values obtained from 
the control (unshipped) runs for a 1 k m .  segment ranged from 0.87 
to 1.16 ml./hr. for salicylate, while the clearance for salicylate re- 
ported by Mayersohn ef al. (12) using the Crane-Wilson method 
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Flgve -a) Cross section of rat jejunum on which no mechanical manipulations haw been performed ( X  150). (b) High power magnification of 
the muscularis externa and submucosal portions of Fig. 3a. Note cellular composition and density of serosa and muscularis externa (X625). 


was 0.8 ml./hr. However, statistically there is no significant differ- 
ence between the average values found in this study and the pre- 
viously reported studies at the 95 
By comparing Figs. 3a and 3c with Fig. 3d, the relative thickness 


of the muscularis externa barrier to in oitro transport can be esti- 
mated. The significance of this barrier is clearly shown by the aver- 
age ratios reported in Table 111. The ratios of clearance values 
(stripped/unstripped) range from 1.54 to 1.86 in the four studies 
described, indicating that removal of this artifactual barrier to 
salicylate transport in in oitro studies brought about a 50-8Sx 
increase in transport rates. With the in oitro techniques previously 
reported in the literature (2-4), drug has to diffuse through several 
layers of tissue beyond the capillary bed, the point where the drug 
would enter into the blood circulation during in oiw transport. 
Using the techniques reported in this work, the serosal solution 
would be in contact with the submucosa of the gut preparation at 
the bottom of Fig. 3d. 


level of confidence. 


SUMMARY A N D  CONCLUSIONS 


The in oitro absorption kinetics for salicylate ion were followed 
through rat intestinal membranes from which the serosa and longi- 
tudinal and transverse layers of the muscularis externa had been 
removed. It was found that the serosa and muscularis externa can 
be removed from an intestinal segment in one intact sheet and that 
there is no resulting damage to the absorptive tissue as a come- 


quence of the surgical procedure. Furthermore, it was established 
that when the stripping procedure is incorporated with the presently 
used in oitro techniques for studying drug absorption, there is a 
substantial increase in salicylate transport rates and a corresponding 
decrease in lag times. This is clearly shown by the data in Table 111. 
For example, CraneWilson studies at 25 cm. through unstripped 
intestinal membranes yielded salicylate clearance values of 0.087 
ml./hr./cm. [Mayersohn et af. (12) reported a value of 0.080 ml./hc./ 
cm.], while salicylate clearance through stripped segments was 
found to  be 0.161 ml./hr./cm. Since the great majority of the cap- 
illaries in the small intestine are found in the lamina propria a t  the 
base of the epithelial cells, it is highly improbable that in oioo drug 
absorption is retarded by any physical barrier comparable to that 
of the serosa and muscularis extwna. 


In summary, the procedure for surgically removing the serosa 
and muscularis externa did not produce any change in the integrity 
of the epithelium, lamina propria, or submucosa. The procedure 
can be easily incorporated into the three commonly employed in 
oitro techniques utilized in studying drug absorption. The procedure 
allows the removal of a significant artifactual influence to  the com- 
parison of in oitro and in oioo transport studies. In light of these 
findings, it is the opinion of the authors that the use of stripped 
intestinal segments for in oitro drug transport studies will provide 
the investigator with a well-controlled, reproducible technique for 
elucidating the mechanisms involved in the in O~DO absorption of 
drugs from the intestinal lumen. 
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F l g ~ ~ e  WC) Cross section of ewrted rat jejunum that has been subjected to the conrrd procedure (before incubation) (X  150). (d) Cross section 
of everted rat jejunum from which the serosa and muscularis externa haw been remowd. Note the integrity of the epithelium and subwosa 
( X 150). 


REFERENCES 


(1) R. H. Turner, C. S. Mehta, and L. Z .  Benet, J. Pharm. Sci., 


(2) T. H. Wilson and G. Wiseman, J. Physiol. (London), 123, 


(3) R. K. Crane and T. H. Wilson, J. Appl. Physiol., 12, 145 


(4) J. M. Dietschy, H. S. Salomon, and M. D. Siperstein, J. 


(5) H. Nogami and T. Matsuzawa, Chem. Pharm. Bull., 9,532 


(6) D. R. Bramford, Proc. Roy. Soc., Ser. B, 166,30(1966). 
(7) R. Jordana and F. Ponz, Reo. Esmn. Fisiol.. 25.225(1969). 


59,590(1970). 


11q19M). 


(1958). 


Clin. Inwst., 45, 8331966). 


(1961). 


(8) J. W. L. Robinson and J. P. Felder, Gastroehter~logia, lG, 
17(1966). 


(9) R. R. Levine, W. F. McNary, P. J. Kornguth, and R. 


(10) M. Gibaldi and B. Grundhofer, J. Pharm. Sci., 61, 116 


(11) L. Z. Benet, J. M. Orr, R. H. Turner, and H. S. Webb, ibid., 


(12) M. Mayersohn, M. Gibaldi, and B. Grundhofer, ibid., 60, 


(13) M. Mayersohn and M. Gibaldi, ibid., 60,225(1971). 
(14) T. Morishita, N. Yata. A. Kamada, and M. Aoki, Chem. 


LeBlanc, Eur. J. Pharmacd., 9,211(1970). 


(1972). 


60,234(1971). 


1813(1971). 


Pharm. Bull., 19,192y1971). 


(15) M. J. Taraszka, J. Phann. Sci., 60,946(1?71). 
(16) R. K. Nayak and L. Z. Benet, ibid., 60,1508(1971). 
(17) R. D. Berlin and R. A. Hawkins, Amer. J. Physiol., 215, 


(18) D. B. McDougal, Jr., L. D. Little, and R. K. Crane, Bio- 


(19) M. Field, D. F r o m ,  and I. McColl, Amer. J. Physid., 220, 


9431968). 


chim. Biophys. Ado,  45,483(1960). 


1388(1971). 


ACKNOWLEDGMENS AND ADDRESSES 


Received July 14,1972, from the Department of Pharmacy, School 
of Pharmacy, Uwwrsity of Calgornia, San Francisco, CA 94122 


Accepted for publication August 30,1972. 
Presented in part t o  the Basic Pharmaceutics Section, AFWA 


Academy of Pharmaceutical Sciences. Houston meeting, A p d  
1972. 


Abstracted from the National Award of Merit manuscript sub- 
mitted by D. L. Wolfe and s. C. Forland to the 1972 Lunsford- 
Richardson Pharmacy Awards for Undergraduate Research. 


The authors gratefully acknowledge the help of Dr. Andrew M. 
Goldner, Department of Human Biology, School of Medicine, 
University of California at Davis, in suggesting the techniques to  
be followed in the musculature stripping procedure. 


Recipient of the Lunsford-Richardson Pharmacy Award, 
National Award of Merit. 
A To whom inquiries should be directed. 


Vd. 62, No. 2, February 1973 0 2iM 








(30) R. M. Barrer."Diffusion In and Through Solids," Cambridp 


(31) R. C. Bowers and A. M. Wilson, J.  h e r .  Chem. SOC., 


(32) Y. W. Chien, T. D. Sakoloski, C. L. Olson, D. T. Witiak, 


University Press, London, England. 1941. 


80, 2968(1958). 


and R. Nazareth, J. Pharm. Sci., 62.4400973). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received August 8, 1972, from the College of Pharmacy. Ohio 


State Uniwrsity. Cdumbus, OH 43210 
Accepted for publication October 10, 1972. 
Abstracted from a dissertation submitted by Y. W. Chien to 


Ohio State University in partial fulfillment of the Doctor of Wi- 
lcsophy degree requirements. 


Supported in part by Grant GM 12998 from the National In- 
stitutes of Health, U. S. Public Health Service, Bethesda. MD 
20014, and by Sterling-Winthrop Research Institute, Rensselaer. 
N. Y. 


Present address: Searle Laboratories, Chicago, IL 60680 
A To whom inquiries should be directed. 


Use of Membrane-Covered Rotating-Disk Electrode to Study 
Binding of Drugs to Macromolecules: Competitive Binding of 
2-(4'-Hydroxybenzeneazo)benzoic Acid and 
a-(4-Chlorophenoxy)-a-methylpropionic Acid to Serum Albumins 


YIE WEN CHIEN*, THEODORE D. SOKOLOSKI', CARTER L. OLSON, 
DONALD T. WITIAK, and RALPH NAZARETH 


Abstract 0 A new technique is introduced to study the binding of 
drugs to macromolecules. The method utilizes rotatingdisk po- 
larography in which a semipermeable membrane covers the sur- 
face of the electrode. The membrane permits passage of an elec- 
troactive drug but restricts permeability of the macromolecule 
and of bound drug. The current generated at the electrode at 
steady state is directly proportional to the concentration of free 
drug in bulk solution, from which a calculation of the amount of 
drug bound may be made. The methodology used provides a com- 
plete characterization of binding within about 1 hr. and is, there- 
fore, faster than conventional techniques presently used. Another 
advantage of this technique is that relatively small amounts of the 
compounds being studied are required. The method is compared 
with equilibrium dialysis and ultrafiltration techniques by studying 
the binding of 2-(4'-hydroxybenzeneazo)benzoic acid (I) to serum 
albumin and is found to  give precisely the same results. 4 4 -  
Chlorophenoxy)-a-methylpropionic acid (ll), in previous spectre 
photometric studies, showed an anomalous effect on the binding 
of I to rat serum albumin. At low concentrations, there was an 
indication that 11 may increase the binding of I to rat serum al- 


bumin. This phenomenon was reinvestigated using the new elec- 
trochemical method; it was found that 11 competitively inhibits 
the binding of I at all concentration levels of the inhibitor. The 
conclusion is reached that I1 affects the nature of the I binding site 
rather than the number of molecules bound. 


Keyphraees 0 2-(4'-Hydroxybenzeneazo)benzoic acid binding to  
serum albumins-presence, absence of u-(4-chlorophenoxy)- 
methylpropionic acid, rotatingdisk polarography method, com- 
pared to conventional techniques 0 u-(4-Chlorophenoxy>a-meth- 
ylpropionic acid-mpetitive binding with 2-(4'-hydroxybenzene- 
azo)benzoic acid to  serum albumin, rotating-disk polarography 
method 0 Polarography, rotating disk-used in binding studies, 
compared to  equilibrium dialysis and ultrafiltration techniques 0 
Rotating-disk polarography-used in binding studies, compared to 
equilibrium dialysis and ultrafiltration techniques 0 Serum pro- 
tein binding, competitive--2-(4'-hydroxybenzeneazo)benzoic acid 
and u-(4-chlorophenoxy>u-methylpropionic acid, rotating-disk 
polarography method 0 Binding of drugs to macromolecules- 
studied using rotating-disk polarography, compared to equilibrium 
dialysis and ultrafiltration techniques 


Classical methods employed to detect and determine 
the binding characteristics of small molecules to serum 
albumin have been discussed by several authors (1-3). 
Techniques such as equilibrium dialysis, ultracentrifuga- 
tion, light absorption and rotation, and ultrafiltration 
have been used. The methods conventionally used 
require long periods of time to collect analyzable data 
and/or relatively large amounts of reactants, some of 
which can be costly, Nonequilibrium dialysis techniques 
(4-7) are generally faster and use less materials than 
conventional methods but can require cumbersome data 
analysis. The method of Meyer and Guttman (9, for 
example, takes about 6 hr. to collect data and requires 


the use of computer curve-fitting techniques to estimate 
the number of molecules bound to albumin. 


To overcome some of these disadvantages, we applied 
a technology, developed in these laboratories (8), that 
was previously used to study mass transport. The 
technique employed to study mass transport across 
membranes utilized rotating-disk polarography where a 
membrane sheet is placed on the surface of a carbon or 
mercury-coated platinum tip electrode. If the membrane 
used is semipermeable, allowing only small electro- 
chemically active molecules to penetrate, a system is 
obtained that is analogous to the thermodynamically 
well-defined equilibrium dialysis technique. There is, 
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however, one notable difference. The steady-state 
current obtained at the electrode at a constant applied 
potential is directly proportional to the concentration of 
electrolyzable material in the bulk solution. Since only 
small molecules can penetrate the membrane, it is possi- 
ble to measure in a very short time (from 18 to 30 sec.) 
the concentration of unbound drug in a solution con- 
taining a macromolecule with which it interacts. By 
successively increasing the total amount of small drug 
molecule in the bulk solution, enough data can be 
obtained in 1 hr. (up to 16 points in the present study) to 
characterize completely the binding of the drug. The 
membrane also functions to protect the surface of the 
electrode from contamination by protein (9). 


This paper describes the binding of 2-(4'-hydroxy- 
benzeneazo)benzoic acid (I) to various serum albumins 
in the presence and absence of a competitive inhibitor 
a-(khlorophenoxy>a-methylpropionic acid (11). In 
addition to showing that the new methodology gives the 
same binding results as those obtained by conventional 
equilibrium dialysis and ultrafiltration techniques, it 
provides further insight into the effect that I1 has on the 
interaction of I to rat serum albumin. 
In an earlier work carried out in this laboratory (lo), 


the competitive binding of I and I1 to several different 
serum albumins was studied using equilibrium dialysis 
and extrinsic rotatory dispersion. A unique behavior was 
observed for rat serum albumin ; using spectrophotom- 
etry, low concentrations of I1 appeared to enhance the 
binding of I to the albumin. This observation and con- 
comitant extrinsic rotatory dispersion studies suggested 
that I1 was causing a small molecular perturbation in 
rat serum albumin. The results could be interpreted in a 
number of ways. Either I1 liberates additional binding 
sites for interaction with I, or I1 affects the nature of the 
interaction of I without increasing the number of I 
molecules bound. This study was undertaken to deter- 
mine which of these possible mechanisms was taking 
place. 


EXPERIMENTAL 


Materlals-Bovine serum albumin' (Fraction V, fatty acid poor) 
and rat serum albumin' (Fraction V) were used as obtained without 
further purification. Two brands' of 2-(4'-hydroxybenzeneazo> 
benzoic acid (I) were used; both showed similar electrochemical and 
binding properties. w(4-Chlorophenoxy>a-methylpropionic acid 
(11) was prepared according to a method previously described (1 1). 
All solutions used were buffered at pH 7.4 using 0.1 M sodium 
phosphate. 


Dialysis tubing' with an average pore radius of 24 A and a dry 
thickness of 0.0041 cm. (0.0016 in.) was used. Disks of 0.9 cm. 
(0.37 in.) diameter were cut and washed several times with boiling 
double-distilled water and stored in a preserving solution containing 
0.3% benzoic acid and 10% glycerin. One day before use, the disk 
was washed with distilled water and soaked overnight in refrigerated 
phosphate buffer. The disk was positioned on the surface of the 
electrode, as described in an earlier study (8), immediately prior to 
collection of data. 


Binding by Electrochemical Method-The apparatus and tech- 
niques used in these studies were the same as those described previ- 
ously (8). A small modification in procedure was made to cope 
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Figure 1-Deaeration column for concentrated drug solutions or 
protein-containing solutions. 


with the tendency of protein and concentrated drug solutions to 
foam. 


Stock solutions of I, 11, and albumin were made separately in pH 
7.4 phosphate buffer. Deaeration was done in a specially fabricated 
apparatus (Fig. 1) to avoid subsequent foaming in the electrolysis 
cell. Adequate deaeration was accomplished in 5 min. Fifteen 
milliliters of deaerated protein solution was delivered with the use 
of a syringe to the right-hand side of the polarographic cell; a 
nitrogen atmosphere was maintained above the solution. The cell 
holder, containing the dialysis membrane, was assembled with the 
carbon electrode tip in place as previously described (8). The 
membrane electrode assembly was mounted on the electrode body 
and rotated at 1200 r.p.m. This rotation speed was used since it did 
not produce significant foaming. 


A potential of - 1.0 v. was applied to the working electrode, and 
the current was measured6. With no I added, the current represents 
background. Using a calibrated syringe, 1.0 ml. of a concentrated I 
solution was iqjected rapidly into the working compartment. After a 
short induction period, the current increased with time, eventually 
reaching a steady-state value. Depending on the concentration of I, 


&The current was recorded on a calibrated Varian model HG-14 
recorder. 
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Figure 2-Relation between steady-state df l i ion current and con- 
centration of I in bulk solution. Key: 0, bare electrode, slope = 
150 X 102 pa. M-1; and 0, dialysis membmne-cowred electrode, 
slope = 6.3 X 1O'pa. M-1. 


the time needed to reach steady state was 18-30 sec. After the steady- 
state current was attained, another 0.40 ml. of concentrated solution 
was injected, thereby increasing the bulk concentration of 1 and 
giving a new steady-state current. Additional 0.40-ml. portions of 
the concentrated solution may be added in a similar manner, giving 
rise to new steady-state currents. In studying the competitive binding 
of 1 and 11, 1.0 ml. of a concentrated 1 solution was added to the 
protein solution and the steady-state current was recorded. Corn 
pound I1 was then added in consecutively increasing amounts to the 
I-protein solution, and the change in steady-state current after each 
addition was recorded. The concentration of all reactants was cor- 
rected for the small volume change following the addition of the 
consecutively added concentrated solutions. The amount of I 
removed from bulk solution due to reduction at the electrode is 
negligible. All studies were made at a constant temperature of 30". 


Binding by Equilibrium Dialysis and Ultrafiltration-The pro- 
cedure used to  determine drug binding by equilibrium dialysis 
studies was identical to the one reported earlier (10). Ultrafiltration 
measurements were made using a 10-ml. ultrafiltration cells and a 
membrane'. Ten milliliters of drug-protein solution was placed in 
the cell, and 1 ml. of filtrate was collected. The filtrate was analyzed 
spectrophotometrically for free I. The absorbance for I at pH 7.4 is 
17,682 1. M-1. 
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Figure 3-Efect of bovine serum albumin on the steady-state 
current of1 at oarious initial bulk concentrations. Key: 0, no serum 
albumin added; and a, in the presence oj'l X lW4 M serum albumin. 
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F4gure 4-Scatchard treatment of the binding of I to bovine serum 
albumin; r is the number of I molecules bound per mole of albumin, 
and DI is the concentration of I free in solution. Key: 0, electro- 
chemical method; n, ultrafiltration technique; and A, equilibrium 
dialysis method. 


RESULTS AND DISCUSSION 


Uae of Rotating-Disk Pdarography to Study Protein Binding-A t 
pH 7.4 and Ma, the azo group of I is electrochemically reduced a t  
the carbon electrode, producing two reduction waves with half-wave 
potentials of -0.40 ond -0.60 v. Dersus the standard calomel elec- 
trode, respectively. One electron is consumed at rach wave. Com- 
pound I1 is electrochemically inactive in this potential range and 
does not interfere with the reduction of 1. The maximum difference 
in viscosity between 1. albumin, and I-albumin mixtures is about 
4%. Thus, any viscosity d e c t  on the electrochemical properties of 


~~ 


I i;negligible.- 
At an amlied constant wtential of - 1.0 v. (the dateau or ditfu- 


sioncont;oiied potential); the steady-state cuheni  at a bare elec- 
trode due to the reduction of I is a linear function of the concentra- 
tion of I (Fig. 2). The slope of this linear relation is 1.5 X 101 m. 
M-1, A linear relation between current and concentration also was 
observed for the membranscovered electrode (Fig. 2). However, 
owing to the porosity of the membrane which decreases the effective 
area of the electrode and increases the diffusional path length, the 
slope of the line is reduced. The ratio of the slope without membrane 
to slope with membrane in Fig. 2 is 0.042. Even with this reduction in 
sensitivity, reliable data are obtained. 


When serum albumin is present, the current generated at steady 
state is reduced due to the binding of I to the macromolecule 
(Fig. 3). Since the steady-state current is proportional to the concen- 
tration of free drug, the difference in current in the presence and 
absence of protein at a particular total concentration of I added is 
proportional to  the drug bound. By using data as presented in Fig. 3. 
it is possible to calculate the moles of I bound per mole of albumin 
using a molecular weight of 67,000 for the albumin. Treating the 
data thus collected by the Scatchard method (12) shows that more 


0.4 1 
O2 t 


0 4 8 12 16 20 24 
[Ill ADDED/[Il ADDED 


Figure !+Relation between the moles of I bound per mole of rut 
serum albumin r, with varying ratios of 1l:I  added to bulk solution. 
The rat serum albumin and I concentrations are held constant at 
9.4 X lW6 and I X IO-4 MI respectiwly. The concentration of 
added I1 varies from 0 to 2.38 X IW a M. 







than one binding site is involved in the bindirig of I to  bovine SQUhl 
albumin (Fig. 4). The binding results obtained using the electro- 
chemical method compare very well with those obtained using 
equilibrium dialysis and ultratiltration (Fig. 4). However, results 
utilizing the rotating-disk technique can be obtained in a much 
shorter time and with considerably smaller amounts of materials. 


COlApetive Binding between I1 and I-The observation made by 
Witiak rt d. (10). indicating an unusual binding of I to rat serum 
albumin in the presence of low concentrations of 11, was reinvesti- 
gated uslng both this electrochemical method and ultrafiltration. 
The spectrophotometric results in the Witiak et al. study could be 
interpreted in one of two ways: (a) 11 at low concentrations actually 
increases the number of molecules bound to rat serum albumin, or 
(b) I1 does not change the number of sites available for interaction 
but, rather, changes the nature of the binding. Use of the electro- 
chemical method permitted direct measurement of the amount of I 
free in solution. The early studies (10) were base-d on indirect 
spectrophotornetric measurement. Ultrafiltration also provided 
direct measurement of free I. 


In the, electrochemical studies, the concentrations of I and rat 
serum albumin were twice those used by Witiak et d. (lo), but the 
ratio of I to rat serum albumin was the same (1.07). Hence, the 
binding character also should be the same. Increasing the 11 con- 
centration from 0 to 23.8 X lO-‘ M produced the results shown in 
Fig. 5. The concentration of I1 used Mls into the range where 
anomalous effects previously were observed spectrophotometridy. 
As shown in Fig. 5,  identical results were obtained using the ultra- 
filtration technique. It is clear from this figure that I1 replaces I from 
its binding sites even at low concentrgtions: Therefore, it is apparent 
that 11 increases the e477 for bound I at lower concentrations (lo), 
and this increase is not a reflection of increased binding of I to rat 
serum albumin. 


The reasons for this increase in tln may, as previously suggested, 
be due to a small molecular perturbation in rat serum albumin, 
which changes the I-rat serum albumin extinction coefficient, or to 
an interaction of bound I with closely bound 11. 
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Model Transport Studies Utilizing Lecithin Spherules III: 
Transport of Taurocholic Acid-[cholic-”H( G) ] in 
Buffered D-Glucose Solutions 


ZAKA-UD-DIN T. CHOWHAN* and WkLIAM I. HIGUCHI‘ 


Abstrect The transport of taurocholic acid-(cholic-*H(G)] in 
liposome dispersions prepared from lecithin-dicetyl phosphate in 
buffered glucose solutions at  different pH’s was studied. The trans- 


coefficient indicated that the unionized form of taurocholic acid was 
being preferentially transported at  low pH and that the taurocholate 
ion was the main species hivolved at  high pH. 


port exp&iments were carried out using previously developed 
techniques in which the release of the solute is studied from dis- 
persions contained in the dialysis bags. The experimental results 
of the direct-release and the uptake-release cases were analyzed by 
the monosize, multiconcentric layer Model 1 which was developed, 
evaluated, and u$ed recently for D-glucose transport studies. 
Uniformly good fits of the experimental data with the model were 
observed, and the permeability coefficients and the aqueous-lipid 
partition coefficients for taurocholate transport in liposome dis- 
persions were calculated. The pH dependence of the permeability 


Keyphrases 0 Permeability coefficients, taurocholic acid, radiq- 
labeled-liposome dispersions 0 D-GIUW solutiod-transport of 
taurocholic acid-(cholic-W(G)], lecithin spherule dispersions, 
permeability coefficients, pH effect 0 Taurocholic acid, radio- 
labeled-transport in D-glucose solution, lecithin spherule dis- 
persions, permeability coefficients, pH effect 0 Lecithin spherules- 
model transport studies, taurocholic acid-[cholbaH.(G)] in D 
glucose solution, permeability coefficients 0 Transport studies, 
model using lecithin spherdes-taurocholic acid~cholic-*H(G)] 
in D-glucose solution, permeability coefficients, pH effect 


in previous investigations (1,2), quantitative methods 
were developed and used in the determination of perme- 
ability coefficients for  glucose and 3-O-methyl-~- 


glucose in complex aqueous liposome dispersions. The 
release of the solutes from dispersions contained in a 
dialysis bag was studied as a function of time using 
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Biochemical Interactions of Dimethyl Sulfoxide I: 
Respiratory Inhibition 


ROBERT L. BEAMER', JAMES E. WYNN, and RAFAEL E. LEDESMA* 


Abstract 0 The effect of dimethyl sulfoxide upon rabbit liver 
homogenates was determined with the Warburg respirometer. 
Lineweaver-Burk treatment of the data indicated that the respira- 
tion was competitively inhibited by dimethyl sulfoxide. 


Keyphrases 0 Dimethyl sulfoxide-effect on rabbit liver homog- 
enates. Warburg respirometer 0 Respiratory inhibition-di- 
methyl sulfoxide. effect on rabbit liver homogenates, Warburg 
respirometer 0 Warburg respirometer-effect of dimethyl sulf- 
oxide on rabbit liver homogenates 


During recent years there has been widespread in- 
terest in the clinical effects and applications of dimethyl 
sulfoxide. Toxicological studies have demonstrated a 
low acute toxicity, as indicated by higher LDjo values 
from intravenous, oral, and subcutaneous adrninistra- 
tion ( I ,  2). 


Long-term administration of dimethyl sulfoxide pro- 
duced changes in tissue morphology, such as reduced 
relucency of the lens cortex in dogs (3) and changes in 
hepatic cell morphology in rats (4). Teratogenic effects 
of dimethyl sulfoxide have been observed in various 
experimental animals (e.g., chicks and golden hamsters) 
(5-7). However, few investigations have been reported 
concerning the effects of dimethyl sulfoxide on bio- 
chemical systems (8). This study was designed to pro- 
vide preliminary data concerning the effects of dimethyl 
sulfoxide at the enzyme level. 


EXPERIMENTAL 


Materials-Dinrt.rhy1 Sitl/oxide-Experimental drug grade di- 
methyl sulfoxidel was redistilled under reduced pressure (100" at 2 
mm.). 


Serum Substrute-The substrate was prepared by diluting lyophi- 
lized bovine serum2 to a specific gravity of 1.0210 with glass-re- 
distilled water. 


Apparatus-The Warburg Itisrrumenr-A Warburg respirometer', 
equipped with one-arm. 15-ml. reaction vessels with center wells, was 
used. The center wells contained 0.2 ml. of 15% KOH and a What- 
man No. 1 filter paper wick. The amplitude of flask travel was 4 
cm. at a rate of 60 c.p.m.; the water bath temperature was 37". 
Warburg manometers were filled with Kreb's manometric fluid 
(9, 10). density 1.0334. 


C-H-N Analyzer-A carbon-hydrogen-nitrogen analyzer' was 
utilized to determine the nitrogen content of animal tissue. 


Preparation of Animal Tissues-Four albino rabbits, weighing 
approximately 1.4 kg. (3 Ib.) each and in apparent good health, were 
quarantined for 2 weeks; they were fed rabbit pellets' and given 
water ad libitum. Each day they were examined for symptoms of 
disease. 


At the end of the quarantine period, the animals were sacrificed 
by placing them in a closed container with dry ice. The livers im- 
mediately were removed, rinsed in cold Ringer's solution, weighed, 
inspected for gross abnormalities, and placed in cold (0-4") 0.06 M 
sodium phosphate buffer at pH 7.4 ( 1  ml. buffer/g. wet tissue). The 
wet liver appeared normal and weighed 54.80-56.51 g. Small seg- 
ments of each liver were dried at IOO", and their dry-to-wet ratios 
and nitrogen contentsweredetermined. The mean value of the dry-to- 
wet weight ratio was 0.7735 with a standard deviation of 0.256; the 
mean nitrogen content was 10.62x with a standard deviation of 
0.21. 


The livers were homogenized individually in a cold Virtis homoge- 
nizer, pooled, and further homogenized in a test tube homogenizer6. 
The homogenates were placed in test tubes, sealed with sulfide-free 
rubber stoppers, and rinsed with glass double-distilled water. The 
homogenates were stored in a freezer. 


Inhibition Studies-Inhibition studies were performed using the 
Warburg technique ( I  I ) .  The homogenates were thawed for ap- 
proximately 60 min. at 6". A constant liver homogenate volume 
containing 3.84 X I@* g. of nitrogen was used throughout. The 
flasks and their contents were incubated for 10 min. at 37" prior to 
initiating the reaction. The lyophilized serum substrate concentra- 
tion for apparent maximal liver respiration (apparent V,,,) ( I  2) was 
found to be I .7 X lo-* g./ml. 


Studies were then performed to determine the minimal concen- 
tration of dimethyl sulfoxide that would produce significant respira- 
tory inhibition. The results were analyzed statistically and the ki- 
netics of inhibition were evaluated by Lineweaver-Burk plots con- 


1 Crown Zellerbach Corp. 
1 Nutritional Biochemicals Corp. 


* Model 18U, Precision Scientific. 
4 Hewlett-Packard model 185. 
8 Purina. 
6 Model 8335, Ace Glass Co. 
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Figure 1-Standard Litieweauer-Burk plots of the inhibited versus noninhibited h e r  homogenate. Key: A ,  0, conrrol; B, A, I P a  M di- 
methyl sitifoxide; C, n, IO-2 M dimethyl sulfoxide; D, 0, 10-' M dimerhylsulfoxide; and E, 8 , 1 0 - 3  M sodium cyanide. 


structed by the method of least squares (13). Values for the apparent 
Michaelis constant of the uninhibited reaction (apparent K,)' and 
for the inhibited reactions (apparent K,')' were obtained by ex- 
trapolation. Calculations of the apparent inhibitor constant (ap- 
parent K,)' were made by utilizing the equation (14): 


Comparative experiments were carried out using I X M 
sodium cyanide as the inhibitor. 


RESULTS 


The maximal rate of the control reaction was obtained with a 
substrate concentration of 1.7 X I & *  g./ml. of lyophilized serum. 
The rates of reaction were linear up to 40 min., at which time the 
rates decreased. This decrease in rate is typical of Warburg studies 
with animal tissues and can be attributed to either complete utiliza- 
tion of the substrate or product inhibition. This deviation from 
linearity was observed in all inhibited and control studies at a p  
proximately 40 min. Therefore, the kinetic studies are based on 40- 
min. oxygen uptake values. 


M dimethyl sulfoxide was observed to be 
the minimal concentration producing a significant inhibition of the 
reaction. A concentration of 10-4 M dimethyl sulfoxide produced 
an insignificant decrease in the reaction rate. 


A concentration of 


7 Since the investigations were carried out using a whole homogenate, 
the Michaelis constants (Km and Km') ,  the inhibitor constants (Kt and 
K i ' ) ,  and the maximal velocity ( should be considered apparent. 


Lineweaver-Burk plots for the data in Table I (dimethyl sulfoxide- 
and sodium cyanide-inhibited reactions) are presented in Fig. 1. 
The plots of the dimethyl sulfoxide-inhibited reaction are of the 
competitive type, and the plot of the sodium cyanide reaction is of 
the noncompetitive type. Sodium cyanide proved to be a stronger 
inhibitor than dimethyl sulfoxide. The VmmX (0.925 pl. G/min.) of 
the plots remained constant, while both the Michaelis constant ( K , )  
and the inhibitor constant (Ki )  increased with increased inhibitor 
concentration. 


DISCUSSION 


The choice of lyophilized bovine serum as the substrate for the 
studies was made because of the presence of a large number of possi- 
ble reactions for liver respiration. A single substrate approach 
would have been too limited for a preliminary investigation. 


In considering the inhibition of respiration in a liver homogenate, 
one must remember that he or she is dealing with a multienzyme 
system. At this time the points of inhibition or the mechanism by 
which inhibition is accomplished cannot be. identified. 


The overall resultant inhibition of the system was competitive 
and could result from any one or a combination of mechanisms, 
i.e., competitive, partially competitive, and substrate trapping. 


Although V,,,., was constant in the dimethyl sulfoxide-inhibited 
reactions, K,' and K, increased with increasing inhibitor concen- 
tration. Variations in K,' are expected for competitively inhibited 
reactions, and these values should deviate from one another by a 
factor of 1 + [(l)/K,] in purified enzyme systems (1 5).  
In complex multiple-enzyme systems, this constant deviation in 


K,' usually is not observed. The inability to determine an adequate 
value for the inhibitor constant in multienzyme systems is a primary 
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Table I-Kinetics of Dimethyl Sulfoxide Inhibition of the Respiration of Rabbit Liver Homogenates 


Oxygen 
Substrate Consump Apparent 


Inhibitor Concentration, tion, HI. Percent Standard VmnX,,fil. Apparent Apparent 
K,, g./ml. K,, moles Concentration, M g./ml. 02/40 min. Inhibition” Deviation Oz/rmn. 


0.00 Dimethyl sulfoxide 0.5 X 10-9 
0.7 x 10-2 
1.5 X 10-a 
1.7 X lo-’ 
0.5 X 10-1 
0.7 x 10-2 
1 .o x 10-2 
1.2 x 10-1 
1.5 X 10-1 
0.5 X 10-1 
0.7 X 10-1 
1.0 x 10-1 
1.2 x 10-1 
1.5 x 10-1 
1.7 X lo-’ 
0.7 x 10-1 
1.0 x lo-’ 


10-3 Dimethyl sulfoxide 


10-8 Dimethyl sulfoxide 


10-1 Dimethyl sulfoxide 0.5 x 


i.2 X lo-# 
1.5 x 10-1 
1.7 x 10-8 


10-3 Sodium cyanide 0.5 X 10-1 
0.7 X 10-1 
1.0 X io-1 
1.2 x 10-1 
1.5 x 10-1 


24.88 
30.33 
35.28 
36.18 
23.07 
25.89 
25.17 
30.99 
30.85 
18.73 
18.70 
22.42 
21.73 
24.99 
27.21 
17.75 
18.83 
21.65 
19.83 
24.97 
32.89 
15.92 
16.81 
15.63 
19.13 
20.26 


- 
- 
- 
- 
7.28 
14.64 - 
- 


12.56 
24.72 
38.35 
- 
- 


29.17 
24.80 
28.66 
37.92 - 
- 


29.23 
9.10 
36.02 
44.58 
- 
- 


42.58 


5.17 
4.60 
4.91 
6.01 
0.95 
1.40 
0.88 
2.66 
1.73 
2.86 
3.32 
1.21 
3.36 
1.88 
2.13 
3.50 
3.00 
1.56 
4.22 
4.64 
4.25 
2.97 
1.50 
3.36 
2.41 
1.70 


1.162 


1.162 


1.162 


1.162 


0.675 


4.25 x 10-8 - 


5.81 X 10W 2.72 x 10-3 


1.01 x lo-’ 7.39 x 10-2 


1.39 X 10-2 4.39 x 10-1 


4.94 x lo-‘ - 


0 Percent inhibition is given for those substrate concentrations in the inhibited reactions for which there were corresponding substrate concen- 
trations in the controls. Additional points were obtained in the inhibited reactions to provide more points for the Lineweaver-Burk plots. 


reason for the lack of a constant deviation in K,‘ (15). The fact 
that Ki is observed to increase with increasing inhibitor concentra- 
tion is evidence that more than one enzyme is being inhibited and 
that the inhibitor has a greater affinity for certain enzymes than for 
others (1 5). 


The inhibition by sodium cyanide was used as a control t o  test the 
reliability of this system to  detect competitive uersus noncompetitive- 
type inhibitions. That sodium cyanide is a noncompetitor of respira- 
tion is well known, and the fact that it is a stronger inhibitor of 
respiration than dimethyl sulfoxide is not surprising. 


This study was preliminary, and future investigations are planned 
to identify both the points of inhibition (i.e.,  the enzymes being 
inhibited) and the mechanism of inhibition. 


(7) M. M. Padilla, Proc. Soc. Exp.  Biol. Med., 122,717(1966). 
(8) D. H. Rammler, Atiri. N. Y. Acad. Sci., 141,291(1966). 
(9: H, A. Krebs, Biorhem. J., 48, 24q1951). 
(10) M. Herbain, Birll. Soc. Chem. Biol., 22, 1635(1951). 
(11) W. W. Umbreit, R. H. Burris, and J. F. Stauffer, “Mano- 


(12) D. Michaelis and M. L. Menten, Biochetn. Z.. 49,333(1913). 
(13) H. Lineweaver and D. Burk, J .  Ainer. Clicni. Soc., 56, 658 


(14) A. R. Patton. “Biochemical Energetics and Kinetics,” 


(15) J. L. Webb, “Enzyme and Metabolic Inhibitors,” Academic, 


metric Techniques,” Burgess, Minneapolis, Minn., 1964. 


(1934). 


Saunders, Philadelphia, Pa., 1965, p. 88. 


New York, N. Y . ,  1963, p. 382. 
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Improved Microdetermination for Diphenylhydantoin in 
Blood by UV Spectrophotometry 


YUKIYA SAITOH*, KAZUYO NISHIHARA*, FUJI0 NAKACAWA*, and TOKUJI SUZUKIt. 


~~ ~ ~~ ~~ 


Abstract 0 A modification of the UV spectrophotometric method 
proposed by Wallace for the determination of diphenylhydantoin 
in blood samples is described. Improvement of the Wallace method 
was made possible by changing various reaction conditions, in- 
cluding oxidation time, and by determining the diphenylhydantoin 
oxidation product using an appropriately expanded scale of a 
recording spectrophotometer. The improved method is simple, 
reproducible, and capable of screening large numbers of samples in 
a short time, since the tedious procedure of collecting the oxida- 
tion product by continuous extraction (as in the original method) 
is not required to oxidize diphenylhydantoin. The improved 
method can be used to determine blood and plasma levels after a 
single injection of 50 mg. of sodium diphenylhydantoin in a human 
subject. Plasma levels of diphenylhydantoin and phenobarbital 
were determined after a simultaneous administration of 5 mg./kg. 
of these compounds in rabbits using a combination of the present 
method with the Williams method for analysis of barbiturates. 


Keyphrases 0 Diphenylhydantoin in blood-UV spectrophoto- 
metric analysis, in presence of phenobarbital 0 Blood levels, 
diphenylhydantoin-UV spectrophotometric analysis, in presence 
of phenobarbital 0 UV spectrophotometry-analysis, diphenyl- 
hydantoin in blood 


In the clinical management of patients during long- 
term treatment with diphenylhydantoin, it is desirable to 
check frequently its blood levels so that the adequacy 
of dosage and the possibility of toxicity may be ap- 
praised. For such purposes, a rapid, simple, and accu- 
rate method for determining diphenylhydantoin in small 
amounts of blood is necessary. It has been found that the 
frequent therapeutic use of diphenylhydantoin and 
phenobarbital in combination presents a considerable 
problem in the analysis of the two drugs, since they 
interfere with each other in most colorimetric (1-3) and 
spectrophotometric methods (4-8). The presence of 
interfering substances, particularly phenobarbital, in 
biological specimens requires preliminary tedious 
separation by extraction procedures (1, 4-6) or TLC 
(2, 3, 7, 8). Recently, GLC methods for the analysis of 
diphenylhydantoin became available (9-17), but they are 
time consuming and technically difficult for routine 
clinical situations. 


The UV spectrophotometric assay described by 
Wallace and his coworkers (18-21) is based on per- 
manganate oxidation of diphenylhydantoin to benzo- 
phenone, which is subsequently extracted into n- 
heptane. The reaction product, benzophenone, which 
has a well-defined UV absorption spectrum and high 
molar absorptivity, is determined spectrophotometri- 
cally at 247 nm. in n-heptane. This method does not 
require the preliminary separation of diphenylhydantoin 
from other drugs. However, the procedure requires a 
relatively large volume (5-10 ml.) of whole blood or 
plasma for a single determination. Morselli (22) and 
Bock and Sherwin (23) employed improved equipment 
and a modified extraction method to reduce the blood 


samples to 1-2 ml. Lee and Bass (24) described a micro- 
modification of the Wallace method, in which a micro- 
Kjeldahl steam distillation apparatus and microcells 
were used. However, variations in the blood sample 
blanks in the modified methods as well as in the original 
Wallace method contribute to the inaccuracy in deter- 
mining diphenylhydantoin at relatively low concentra- 
tions. 


The present study describes a modification that 
improves the diphenylhydantoin assay reported by 
Wallace. The improvement was made possible by 
changing various reaction conditions, including oxida- 
tion time, in the oxidation of diphenylhydantoin with 
alkaline permanganate and by determining the oxidation 
product on an appropriately expanded scale of a record- 
ing spectrophotometer using microcells. The conversion 
of diphenylhydantoin to benzophenone was found 
to be quantitative, and the blank value was negligibly 
small. This modified determination, employing only 
0.1-0.4 ml. of whole blood or plasma, is simple, re- 
producible, and capable of determining large numbers of 
diphenylhydantoin samples in a short time, since the 
refluxing of the reaction mixture with stirring has been 
eliminated. 


EXPERIMENTAL 


Reagents and Apparatus-A phosphate buffer solution at pH 6.8 
was prepared by mixing equal volumes of 1 M Na2HP04 and 1 M 
KH,PO,. All chemicals used in this study were reagent grade except 
rr-heptane which was spectrophotometric grade. A double-beam 
recording spectrophotometer' was used for UV absorption measure- 
memts. Absorbances were recorded on an appropriately expanded 
scale ( X  5 or x 10) using standard cells (10 mm. in path length and 
5-ml. capacity) or microcells (10 mm. in path length and 0.8-ml. 
capacity). 


Examination of Blank Absorbance-In the procedure described' 
by Wallace (20), 20 ml. of 1 KMnO, in 7 N NaOH and 5 ml. of 
rr-heptane are added to diphenylhydantoin extracted from biological 
specimens, and the mixture is then refluxed for 30 min. with constant 
magnetic stirring. After cooling, the n-heptane layer is separated 
from the aqueous permanganate layer and its absorbance is 
determined at 247 nm. against pure n-heptane. The blank values (less 
than 0.04 in absorbance) from 10 ml. of oxalated whole blood 
containing no diphenylhydantoin were shown to be. less than 0.5 
mcg./ml. diphenylhydantoin (20). Reexaminations of the blank 
values from 5 ml. of plasma and water showed them to be about 
0.020 and 0.010 in absorbance, respectively. 


However, small deviations in the blank absorbance may be re- 
sponsible for inaccuracy in estimating diphenylhydantoin using an 
expanded scale of the recording spectrophotometer. Therefore, the 
reaction conditions in the oxidation of diphenylhydantoin with 
permanganate were examined to minimize the blank value. Ten 
milliliters of the alkaline permanganate solution was added to 5 
ml. of n-heptane and to 5 ml. of 3.97 X 10-8 M benzophenonel in 
rr-heptane in separate centrifuge tubes. The mixtures were refluxed 
for 30 min. with constant magnetic stirring. After cooling and cen- 


1 Hitachi model 124. * If converted quantitatively, 5 mcg. of diphenylhydantoin corre- 
sponds to the amount of benzophenone in 5 ml. of this solution. 
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Figure 1-UV absorption spectra of n-heptane and n-heptane con- 
taining benzophenone with and without the permanganate oxidation 
procedure. Solid lines A and B are UV absorption spectra of n- 
heptane and n-heptane containing benzophenone after the per- 
manganate oxidation, respectiuely. Dotted lines C and D are UV 
absorption spectra of n-heptane and n-heptane containing benzo- 
phenone shaken with the alkaline permanganate solution, respec- 
t i d y .  The benzophenone concentration in n-heptane is 3.97 X 10-4 
M. 


trifuging, the n-heptane layers were separated from the aqueous 
permanganate layers, and the absorbance values were recorded on a 
ICLfold scale of the recording spectrophotometer from 220 to 300 
nm. against pure n-heptane. The UV absorption spectra of n-heptane 
and n-heptane containing benzophenone after the permanganate 
oxidation are shown in Fig. 1. The spectrum of the n-heptane con- 
taining no benzophenone exhibits a considerably high absorption at 
247 nm. On the other hand, no absorption of the n-heptane layer at 
247 nm. was observed (Fig. 1) when a mixture of 5 ml. of the alkaline 
permanganate solution and n-heptane containing no benzophenone 
was shaken mechanically for 10 min. a t  room temperature. From 
these results it can be concluded that the blank reading from plasma 
containing no diphenylhydantoin was attributed to unknown reac- 
tion products derived from n-heptane during heating with the 
alkaline permanganate. 


EAect of Reaction Conditions upon Yield of m p h e n o n e -  
The procedure of oxidation under refluxing and stirring in the 
Wallace (20) method makes it difficult to determine diphenyl- 
hydantoin in a number of samples during a short time. Ten milli- 
liters of the alkaline permanganate solution was added to 1 ml. 
of 10 mcg./ml. diphenylhydantoin in 0.1 N NaOH to examine the 
effect of reaction conditions upon yields of benzophenone from 
diphenylhydantoin. The reaction mixtures in centrifuge tubes, closed 
with ground-glass stoppers, were immersed in a constant-tempera- 
ture bath (50,60,70,80, and 90") and in boiling water. The centri- 
fuge tubes were withdrawn at  various time intervals, and 5 ml. of 
n-heptane was added to the. reaction mixtures after cooling. After the 
mixtures were shaken for 10 min., the n-heptane layer was separated 
from the aqueous layer, and its absorbance was recorded on a five- 
fold scale from 220 to 300 nm. against pure n-heptane. Figure 2 
shows the yield of benzophenone as a function of immersing time. At 
higher temperatures, the reading (fivefold absorbance) rapidly 
reached a value' of 0.750 based on the quantitative yield of be- 
phenone. The readings obtained at  temperatures lower than 80" 
remained constant, while the readings obtained at 90" and in boiling 
water decreased gradually after 10 and 3 min., respectively. There- 
fore, the oxidation of diphenylhydantoin with alkaline perman- 
ganate should be performed at temperatures lower than 80". The 
decrease in the readings was presumed to be caused by leakage of the 
benzophenone formed by oxidation through minute openings 
between the centrifuge tube and its ground-glass stopper. The results 
described here show that the refluxing for 30 min. with constant 


*Calculated from the amount of benzophenone corresponding to 10 
mcg. of diphenylh dantoin and the molar absorptivity (1.985 X 104) of 
benzophenone at $47 nm. 


5 10 15 20 
OXIDATION TIME, min. 


Figure 2-Relationship between oxihtion time and bemophenone 
yield. Curws show benzophenone yield against time in a constant- 
temperature bath (50, 60, and 80') and in boiling water. Curws at 
70 and 90" are omitted from the figure, since they almost coincide 
with the curve at 80". with the exception of a gradual decrease in the 
yieldat90"after IOmin. 


magnetic stirring proposed by Wallace (20) is unnecessary and that 
the benzophenone formed quantitatively by the permanganate 
oxidation at  80" for 5 min. is completely extracted by n-heptane. 


Improved Analytical Method-Procedure A-In the absence of 
phenobarbital, the following procedure was used for determining 
diphenylhydantoin. Ten milliliters of water is added to 0.1 ml. of 
plasma or blood in a centrifuge tube, followed by 2 ml. of 1 M 
phosphate buffer solution (pH 6.8) and 30 ml. of chloroform. The 
mixture is shaken for 10 min. and centrifuged at 3000 r.p.m. for 5 
min. After removal of the aqueous layer by aspirating. 27 ml. of the 
chloroform layer is transferred into another centrifuge tube contain- 
ing 10 ml. of 1 N NaOH. This mixture is shaken for 10 min. and also 
centrifuged. Nine milliliters of the sodium hydroxide layer is then 
transferred into a third centrifuge tube, which is connected to a 
vacuum rotary evaporator assembly, and this tube is immersed in a 
water bath of 50-60". The tube is rotated until the volume within it 
is reduced to approximately 0.5 ml. It is removed from the assembly, 
10 ml. of 1 KMn04 in 7 N NaOH is added, and the tube is im- 
mersed in a water bath of 80" for 5 min. After cooling. 2 ml. of 
n-heptane is added to the solution, and the mixture is shaken for 10 
min. and centrifuged for 5 min. The n-heptane layer is then sepa- 
rated from the aqueous permanganate layer and transferred into a 
microcell. The absorbance is recorded on a lCLfold scale of the 
recording spectrophotometer over the range of 220-270 nm. against 
pure n-heptane. The peak reading at 247 nm. is read on the recording 
paper'. 


Procedure &Wallace (21) demonstrated that high levels of 
diphenylhydantoin do not affect the determination of pheno- 
barbital by the Williams and Zak (25) method, nor do large amounts 
of phenobarbital influence the absorption curve of the diphenyl- 
hydantoin oxidation product. In the presence of phenobarbital. the 
following combination procedure with the Williamsand Zak (25)  
method for analyzing barbiturates was used for determining di- 
phenylhydantoin and phenobarbital. 


Ten milliters of water is added to 0.4 ml. of plasma or blood in a 
centrifuge tube, followed by 2 ml. of 1 M phosphate buffer solution 
(pH 6.8) and 30 ml. of chloroform. The mixture is shaken for 10 
min. and centrifuged for 30 min. After removal of the aqueous layer, 
27 ml. of the chloroform layer is transferred into another centrifuge 
tube containing 2 ml. of 0.45 N NaOH. This mixture is shaken for 10 
min. and centrifuged for 5 min. An upper layer of 0.4 ml. of the 
sodium hydroxide solution is transferred into a microcell, and its 
absorbance is recorded on a 16fold scale of the recording spectro- 
photometer over the 230-28Gnm. range against 0.45 N NaOH. To 
the sodium hydroxide solutions in the microcells is added 0.1 ml. of 
16% NH4CI. and again the absorbance is recorded over the 230-280- 
nm. range. The difference (AA) in absorbance a t  260 nm. is used for 


4 Analysis using an absorption spectrum is desirable, since interfering 
absorption can be checked. 
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Tabla I-Standard Curve Data of Diphenylhydantoin Reaction 
Product by Procedure A 


~ p i i n g n o f  Percent 
Reactlon Product, Con-- Rec0vayc, 


Added, mcg./ml. Average f SDb trauon Average f SD, 


5 
10 
15 
#, 
25 
30 


0.153 f 0.003 0.031 100.9 f 2.1 
0.303 f 0.002 0.030 99.7 f 0.7 
0.456 f 0.005 0.030 100.1 * 1.1 
0.611 f 0.001 0.031 100.6 f 0.2 
0.760 f 0.005 0.030 99.8 f 0.6 
0.909 f 0.002 0.030 99.6 f 0.3 


Plasmblank 0.006f0.002 - - 
a Absorbance determined on a 10-fold expanded scale of the recording 


spcctrophotometer. b Standard deviation calculated from throe deter- 
minations at each plasma level. # Recovery (7) - 1 W A  X B)/(C X 
D X E X F X G), where A - expanded reaainp determined by Ro- 
cedure A.  B = volume (2/1OOO I.) of n-heptane; C = molar ab? tivity 
of benzo&none (1.895 X 10'). D - molar quantit of &%en 1- 
hydantoin added to the sam le; ki and F = fracuons ({7/30 and 9/rO) 
of CHCli layer and 1 N NaOR layer uKd for the subsequent procedure, 
respecuvely; and G = expanded m l c  (10) of the spectrophotometer. 


determining phenobarbital and is given by: 


AA A, - 1.25As 0% 1) 
where A1 and A* are the first and second readings at 260 nm. 
One milliliter of the remaining sodium hydroxide layer is trans- 


ferred into a centrifuge tube, which is ~ 0 ~ e c t e . d  to a vacuum rotary 
evaporator assembly, and the tube is immersed in a water bath of 
5060". The tube is rotated until the volume is reduced to approxi- 
mately 0.5 ml. Procedure A is then carried out using a fivefold scale. 


EIIBdency of Extractfoa of DipbeayIhydantdn-Ten milliliters of 
water, 2 ml. of 1 M phosphate buffer solution (pH 6.8). and 30 ml. 
of chloroform were successively added to 0.4 ml. of plasma at  a 
diphenylhydantoin concentration of 20 mcg./ml. The mixture was 
centrifuged after shaking, and 15 ml. of the chloroform layer was 
evaporated at 50-60". The diphenylhydantoin in the residue was 
determined by Procedure A using a fivefold scale, and the average of 
six determinations was found to be 0.738 f 0.002 (SD). If diphenyl- 
hydantoin is completely extracted from plasma with 30 ml. of 
chloroform, the extracted amount of diphenylhydantoin in 15 ml. of 
the chloroform layer would be 4 mcg. Fifteen milliliters of chloro- 
form containing 4 mcg. of diphenylhydantoin was evaporated at 50- 
60" to obtain a standard value, and the diphenylhydantoin in the 
residue was determined by the same method. The average of six 
determinations was found to be 0.739 f 0.003. Furthermore, 2 ml. 
of 0.45 N NaOH was added to 30 ml. of chloroform containing 8 
mcg. of diphenylhydantoin, and the mixture was centrifuged after 
shaking. One milliliter of the 0.45 N NaOH layer was evaporated at  
50-60". If diphenylhydantoin is completely extracted from the 
chloroform layer with 2 ml. of 0.45 N NaOH, the extracted amount 
of diphenylhydantoin in 1 ml. of the 0.45 N NaOH layer would be 4 
mcg. The diphenylhydantoin in the residue was determined by the 
same method, and the average of six determinations was found to be 
0.735 f 0.006. These results show that the extraction of diphenyl- 
hydantoin from plasma with chloroform and the extraction of 
diphenylhydantoin from the chloroform layer with 0.45 N NaOH 
are quantitatively performed, since there was no significant dif- 
ference between the values determined. 


Clinical Study-A healthy male subject was given a single in- 
travenous dose of 50 mg. of sodium diphenylhydantoins dissolved in 
1 ml. of a vehicle consisting of 40% propylene glycol and 10.5% 
ethanol in water. The drug was injected into an antecubital vein at a 
rate of 50 mg./min. Heparinized blood samples (about 1.5 ml.) from 
the opposite arm were taken 1,15,30, and 45 min. and 1,2,3,6,8, 
and 10 hr. after administration. The hematwrit values were deter- 
mined by centrifuging at  3000 r.p.m. for 10 min. and the resulting 
plasma samples were assayed for diphenylhydantoin using Procedure 
A. A blood sample was taken as the blank before injection. 


Animal Study-Plasma concentrations of diphenylhydantoin and 
phenobarbital at various times after intravenous administration 
were determined in three male white rabbits (2.5-3.0 kg.). Sodium 


Aleviatin sodium for injection, Dainippon Pharmaceutical Co. 
Ltd., Osaka. Japan. 


diphenylhydantoin was dissolved in 0.9 % NaCl to contain 50 mg. of 
diphenylhydantoin/ml., and phenobarbital was dissolved in an 
appropriately small volume of equimolar sodium hydroxide and 
diluted with 0.9% NaCl to contain 50 mg./ml. Both solutions were 
mixed in equal volume. Diphenylhydantoin and phenobarbital a t  a 
dose of 5 rng./kg. were simultaneously administered to rabbits 
through an ear vein. Heparinized blood samples (about 1 ml.) from 
the opposite ear were taken 1, 15, and 30 min. and 1, 2, 3,4, 5,6,7, 
8, 9, 24, and 32 hr. after administration. A blood sample was 
taken as the blank before injection. The plasma samples were 
assayed for diphenylhydantoin and phenobarbital using Procedure 
B. 


RESULTS AND DISCUSSION 


In the determination of diphenylhydantoin (Procedure A) there 
is a linear relationship between the absorbance readings and the 
concentrations up to 30 mcg./ml. (Table I). A linear capability of 
the analysis for diphenylhydantoin in the presence ofphenobarbital 
(Procedure B) over the O-U).mcg./ml. range is illustrated in Table 
11. The standard curve data of phenobarbital in combination with 
diphenylhydantoin are also shown in Table 11. The averages of 
blank values were 0.006 and 0.003 for 0.1 ml. (Procedure A) and 
0.4 ml. (Procedure B) of plasma or whole blood, which were 
equivalent to 0.2 and 0.1 mcg./ml. diphenylhydantoin, respectively. 
The standard curves of diphenylhydantoin and phenobarbital in 
whole blood were the snme as those in plasma. It has been shown 
(see Experimentat) that diphenylhydantoin is quantitatively con- 
verted to benzophenone in permanganate reagent at 80' within 5 
min. The recoveries calculated from the molar absorptivity of benzo- 
phenone and the amounts of diphenylhydantoin added to plasma 
are shown in Tables I and 11. The average recoveries (percent) of 
all the determinations by Procedures A and B were 100.1 f 1 .O and 
101.9 f 1.6, respectively. 
The higher sensitivity and reliability of the proposed method can 


be illustrated by comparing the recoveries of diphenylhydantoin 
associated with several published procedures. Wallace and co- 
workers (18-21) reported that the average recovery of diphenyl- 
hydantoin added in known amounts to whole blood was 87595.9% 
by reference to a standard curve prepared from aqueous solutions of 
diphenylhydantoin (oxidized with the permanganate reagent in the 
presence of n-heptane). Morselli (22) obtained an average recovery 
of 86% for the determinations of diphenylhydantoin added to 


It was observed in the Experimental section that the reading of the 
diphenylhydantoin reaction product decreased with an increase in 
the oxidation time at temperatures higher than 90". One milliliter of 
25 mg./ml. benzophenone solution, which was prepared by diluting 


plasma. 


Table II-Standard Curve Data of Diphenylhydantoin Reaction 
Product and Phenobarbital by Procedure B 


Diahmvl- r----- 
hy-&toin and Percent 
pheaobarbital Readings of Reaction Readine. Recovetye, 


Added, Prod&t,Average Concen- Average 
m3.m f SDb tration f SDS 


4 0.139 * 0.004 
(0.167 f 0.002)4 


8 0.277 f 0.003 
(0.326 f 0.004) 


12 


16 


20 


-0.409 f 0.005 
(0.494 f 0.004) 
0.553 f 0.005 
(0.651 f 0.002) 
0.685 f 0.007 
(0.818 f 0.0051 


Plasma blank '0.003 A 0.003 
(-0.001 f 0.002) 


0.035s 103.0 f 2.7 
(0.042)d 
0.035 102.7 f 1.0 
(0.041) 
0.034. 100.8 f 1.1 
(0.041) 
0.035 102.1 f 0.9 
(0.041) 
0.034 101.0 * 1.0 
(0.041) 


a Absorbance &termined on a fivefold (diphenylhydantoin) or a 10- 
fold phenobarbital) expanded scale of the ncordmg spectrophotom- 
eter. Standard deviation calculated from three determinations at each 
plasma level. 0 Calculated in the same way as in Table I. using F - 'It 
and G - 5 . 1  Calculated from differential absorption of phenobarbital 
at 260 nm. based on Eq. 1. 
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Figure 3-Diphenylhydantoin concentration as a function of time 
after intravenous administration of 50 mg. of sodium diphenylhy- 
dantoin in a human subject. Key: a, whde blood concentration; and 
0, plasma concentration. 


1 mg./ml. benzophenone in ethanol with water, and 9 ml. of 7 N 
NaOH were mixed in a centrifuge tube. The centrifuge tube, closed 
with a ground-glass stopper, was immersed in a constant-tempera- 
ture bath (70,80. and 90") and in boiling water for various lengths of 
time. After cooling, 2 ml. of n-heptane was added, and the mixture 
was shaken for 10 min. The reading of the n-heptane layer, sepa- 
rated from the aqueous layer by centrifugation, was recorded on a 
fivefold scale from 220 to 270 nm. against pure n-heptane. The peak 
reading at 247 nm. gradually decreased at 90" and in boiling water, 
while it remained constant over 60 min. at temperatures below 80". 
A 20x decrease in the reading was observed at  90" and in boiling 
water after 30 min., and 25 and 34% decreases were observed at 90" 
and in boiling water after 1 hr., respectively. These results show that 
a decrease in benzophenone concentration results from vaporization 
through minute openings between the centrifuge tube and its 
ground-glass stopper during heating. The oxidation of diphenyl- 
hydantoin must be performed at  temperatures below 80" to suppress 
vaporization of volatile benzophenone. 


Various volumes (0.1,0.2, 0.4, 0.6, 0.8, and 1.0 ml.) of a plasma 
sample at a diphenylhydantoin concentration of 2 mcg./ml. were 
used to examine the effect of appropriate alterations of a sample 
volume upon the determination of diphenylhydantoin at relatively 
lower concentrations by Procedure A. These same volumes of a 
plasma sample at an equal concentration (8 mcg./ml.) of diphenyl- 
hydantoin and phenobarbital were also used for the determination of 
diphenylhydantoin and phenobarbital by Procedure B. The results 
were plotted using the amount of diphenylhydantoin or pheno- 
barbital as the abscissa and the absorbance reading as the ordinate. 
The slopes of the straight lines so obtained were found to be equal to 
those of standard curves prepared from the data in Tables I and 11, 
using the amount of diphenylhydantoin or phenobarbital in the 
sample solution as the abscissa. Consequently, appropriate sample 
volumes were used to obtain a reading higher than 0.2 in the follow- 
ing determination of diphenylhydantoin in a human subject and 
rabbits. 


A normal subject was given a single intravenous dose of 50 mg. of 
sodium diphenylhydantoin. The diphenylhydantoin concentrations 
in whole blood and plasma after intravenous administration are 
shown in Fig. 3. The average of apparent diphenylhydantoin con- 
centrations (micrograms per milli1iter)n in the red cells was calcu- 
lated to be 0.30 & 0.05 over a concentration range in plasma 
diphenylhydantoin of 1.87-0.86 mcg./ml. except immediately after 
injection. However, higher apparent concentrations (4-1 1 mcg./ml.) 
were obtained in this laboratory for 12-20 mcg./ml. in plasma di- 
phenylhydantoin level in patients during long-term treatment. The 
average ratio of whole blood concentration to plasma concentration 
for the samples shown in Fig. 3 was 0.58 f 0.06. This was shown to 
be 0.50 f 0.1 1 for 20 samples with an average plasma concentration 


6 Calculated from the whole blood concentration (CW). plasma con- 
centration (Cp), and hematwrit value (Hr) using the formula: [CW - 
Cp(1 - Ht)] /Ht .  
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Figure 4-Semilogarithmic plots of diphenylhydantoin and pheno- 
barbital plasma leoels after simultaneous intrawnous administra- 
tion of diphenylhydantoin (5 mg./kg.) and phenobarbital (5 mg./kg.) 
in rabbits. Open and closed symbols show the concentrations of di- 
phenylhydantoin and phenobarbital, respectively. Key: 0,*, Rabbit 
B; D,8, Rabbit D ;  andA,A, Rabbit E. 


of 13.8 mcg./ml. by Bock and Sherwin (23). The diphenylhydantoin 
concentration in plasma as a function of time could be described by 
C, = 3.6e-lD.4t + 1.7e-0.w'. yielding a half-life of 10.5 hr. for the 
terminal exponential phase. This value is comparable to 9.5 hr. 
(125 me.) and 11.2 hr. (250 me.) reported by Suzuki el al. (26) for 
higher doses. The concentrations extrapolated to time zero were 
proportional to the doses. The plasma levels of diphenylhydantoin 
and phenobarbital after simultaneous intravenous administration of 
diphenylhydantoin ( 5  mg./kg.) and phenobarbital ( 5  mg./kg.) in 
rabbits were determined by Procedure B. The plots of the logarithms 
of the plasma concentrations of diphenylhydantoin and pheno- 
barbital against time are shown in Fig. 4. Rabbits exhibiting faster 
elimination rates for phenobarbital were found to possess increased 
rates of loss for diphenylhydantoin. 


The method utilizing the UV absorption of benzophenone formed 
by permanganate oxidation is simple and specific. No interference 
with the assay occurred in the presence of many commonly used 
drugs (18-20, 22, 24). The present study adds acetylphenetunde, 
4-amino-3-hydroxybutyric acid, carbarnpine ,  chlordiazepoxide, 
chlorpromazine hydrochloride, cyclandelate, diazepam, ethosuxi- 
mide, mephobarbital, metharbital, nitrazepam, perphenazine, and 
thioridazine hydrochloride to the list of noninterfering substances. 
The primary metabolite, S(p-hydroxy>Sphenylhydantoin, also did 
not interfere as reported by Wallace (20). The oxidation product of 
this metabolite was identified as benzoic acid by its UV and IR 
absorption spectra and by the results of the elemental analysis. 


REFERENCES 


(1) W. A. Dill, A. Kazenko, L. M. Wolf, and A. J. Glazko. J. 


(2) J. W. Huisman, Clin. Chim. Acta, 13,323(1966). 
(3) G. E. Simon, P. I. Jatlow, H. T. Seligson, and D. Seligson, 


(4) G. L. Plaa and C. H. Hine, J. Lab. Clin. Med., 47,649(1956). 
(5) 0. Svensmark and P. Kristensen, ibid., 61, SOI(1963). 
(6) 0. V. Olesen, Scand. J. Clin. Lab. Inwst.. 20,63(1967). 
(7)  0. V. Olesen, Acta Pharm. Toxicd., 23,41(1965). 
(8 )  S. Veda, C. Rud, and J. F. Place, Scand. J. Clin. Lab. 


(9) D. H. Sandberg, G. L. Resnik, and C. Z. Baaho,  Anal. 


(10) K. Sabih and K. Sabih, ibid., 41, 1452(1%9). 
(11) Von G. Grimmer, J. Jacob, and H. Schfer. Arzneim.-Forsch., 


(12) M. A. Evenson, P. Jones, and B. Darcey, Clin. Chem., 16, 


(13) J. MacGee, Anal. Chem., 42,421(1970). 


Pharmacol. Exp. Ther., 118, DO(1953). 


Amer. J.  Clin. Pathol., 55, 14y1971). 


Invest., &3, 37x1969). 


Chem., 40, 736(1%8). 


19, 1287( 1%9). 


107( 1970). 


Vd. 62, No. 2, February I973 0 u)9 







(14) H. J. Kupferberg, Clin. Chim. Acta, 29,283(1970). 
(15) T. Chang and A. J. Glazko, J. Lob. Clin. Med., 75, 145 


(16) R. H. Hammer, B. J. Wilder. R. R. Streiff, and A. Mayers- 


(17) D. Sampson, I. Harasymiv, and W. J. Hensley, Clin. Chem., 


(18) J. E. Wallace, J. Biggs, and E. V. Dahl, Anal. Chem., 37, 


(19) J. E. Wallace, J. Forensic Sci., 11,552(1966). 
(20) J. E. Wallace, Anal. Chem., 40,978(1%8). 
(21) J. E. Wallace, Clin. Chem., 15,323(1%9). 
(22) P. L. Morselb, Clin. Chim. Acta, 28,37(1970). 
(23) G. W. Bock and A. L. Sherwin, ibid., 34,97(1971). 
(24) S. I. Lee and N. H. Bass, Neurology, M, 115(1970). 


(1970). 


dorf, J. Pharm. Sci., 60,327(1971). 


17, 382(1971). 


410(1%5). 


(25) L. A. Williams and B. Zak. Clin. Chim. Acta, 4,170(1959). 
(26) T. Suzuki, Y. Saitoh, and K. Nishihara, Chem. Pharm. Bull., 


18,405(1970). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received January 3, 1972, from the *Research Laboratory, 
Hospiral Pharmacy, Tokyo University Hospital, Hongo. Bunkyo-ku, 
Tokyo, J a m .  and the ?Faculty of Pharmaceutical Sciences, Univer- 
sity of Chiba, Yayoi-cho. Chiba. Japan. 


Accepted for publication August 17, 1972. 
The authors thank Dr. R. E. Notari for his help in the prepara- 


tion of this manuscript. 
A To whom inquiries should be directed. 


Transport of Albyl Homologs across Synthetic and 
Biological Membranes: A New Model for 
Chain Length-Activity Relationships 


S. H. YALKOWSKY' and G. L. FLY" 


Abstract 0 The ability of each member of a biologically active 
homologous series to  reach the receptor site can often be equated 
with its relative ability to permeate biological barriers. This paper 
presents a structure-activity model based entirely on firmly es- 
tablished diffusional theories as well as solubility relationships gen- 
erally applicable to aqueous systems. The equations derived and 
presented here were previously experimentally verified using syn- 
thetic membranes. These equations are generally applicable for 
transport across membranes and can be of use in describing a 
variety of passive absorption or permeation phenomena. Since 
true equilibrium is rarely attained in biological systems, a kinetic 
model provides an appropriate description of the physiological 
situation. Furthermore, a kinetic model offers considerable prao 
tical utility, because it can readily be incorporated into the overall 
pharmacokinetic treatment. 


Key- 0 Membrane permeability, alkyl homologs-model for 
chain length-activity relationships, equations 0 Transport across 
synthetic and biological membranes+lkyl homologs. model for 
chain length-activity relationships, equations 0 Structure-ac- 
tivity relationships-model for transport of alkyl homologs across 
synthetic and biological membranes based on diffusion theories 0 
Chain length-activity relationships-alkyl homolog transport 
across membranes 


Many theories have been advanced to explain relative 
biological activity of the members of a series of struc- 
turally related compounds (1-5). These theories usually 
relate the affinity of a particular congener for the recep 
tor site to some property such as its molecular weight, 
its solubility, its surface tension, its partition coefficient 
between water and an organic solvent, or some other 
related physicochemical parameter. The structure 
activity models can be categorized operationally as 
being either of kinetic or equilibrium nature. Current 
mathematical models for the former are generally of 
empirical design ; quantitative relationships for the 
latter are complex and difficult to apply to actual data. 


The present paper is concerned with a new kinetic 
approach applicable to many structure-activity profiles. 
The ability of each member of a homologous series to 
reach the receptor site is equated with its ability to 
permeate biological barriers, including the biomem- 
brane(s) and contiguous aqueous layers. This is ac- 
complished by modification of firmly established diffu- 
sional theories. Virtually all aspects of the theory and 
equations derived and presented here were experi- 
mentally verified (6-1 1) using synthetic membranes. 
It will be shown that much of the current biological 
data are interpretable based on these simple diffusional 
relationships. 


These equations are general for transport across any 
membrane and can be of use in describing a variety of 
passive absorption or permeation phenomena. Further- 
more, since true equilibrium is rarely attained in biologi- 
cal systems, a kinetic model may provide a more ap- 
propriate description for the general physiological situa- 
tion, facilitating incorporation of passive transport 
proiesses into the total pharmacokinetic picture. 


THEORETICAL 


Importance of DiRusIon Layers h Membrane Transport-The 
resistance to the transport of a solute across a membrane, which 
separates two aqueous compartments, lies not only within the mem- 
brane but also within the regions of unstirred water adjacent to its 
surfaces (6-11). The resistances of these aqueous regions of dit- 
fusion layers can be treated mathematically as additive resistances 
in series with the membrane (8-10). The flux of a solute across a 
membrane system (membrane and diffusion layers) is proportional 
to the concentration difference, C, across the barrier and is inversely 
proportional to  the sum of the resistances of the laminates. Thus: 
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than one binding site is involved in the bindirig of I to  bovine SQUhl 
albumin (Fig. 4). The binding results obtained using the electro- 
chemical method compare very well with those obtained using 
equilibrium dialysis and ultratiltration (Fig. 4). However, results 
utilizing the rotating-disk technique can be obtained in a much 
shorter time and with considerably smaller amounts of materials. 


COlApetive Binding between I1 and I-The observation made by 
Witiak rt d. (10). indicating an unusual binding of I to rat serum 
albumin in the presence of low concentrations of 11, was reinvesti- 
gated uslng both this electrochemical method and ultrafiltration. 
The spectrophotometric results in the Witiak et al. study could be 
interpreted in one of two ways: (a) 11 at low concentrations actually 
increases the number of molecules bound to rat serum albumin, or 
(b) I1 does not change the number of sites available for interaction 
but, rather, changes the nature of the binding. Use of the electro- 
chemical method permitted direct measurement of the amount of I 
free in solution. The early studies (10) were base-d on indirect 
spectrophotornetric measurement. Ultrafiltration also provided 
direct measurement of free I. 


In the, electrochemical studies, the concentrations of I and rat 
serum albumin were twice those used by Witiak et d. (lo), but the 
ratio of I to rat serum albumin was the same (1.07). Hence, the 
binding character also should be the same. Increasing the 11 con- 
centration from 0 to 23.8 X lO-‘ M produced the results shown in 
Fig. 5. The concentration of I1 used Mls into the range where 
anomalous effects previously were observed spectrophotometridy. 
As shown in Fig. 5,  identical results were obtained using the ultra- 
filtration technique. It is clear from this figure that I1 replaces I from 
its binding sites even at low concentrgtions: Therefore, it is apparent 
that 11 increases the e477 for bound I at lower concentrations (lo), 
and this increase is not a reflection of increased binding of I to rat 
serum albumin. 


The reasons for this increase in tln may, as previously suggested, 
be due to a small molecular perturbation in rat serum albumin, 
which changes the I-rat serum albumin extinction coefficient, or to 
an interaction of bound I with closely bound 11. 
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Model Transport Studies Utilizing Lecithin Spherules III: 
Transport of Taurocholic Acid-[cholic-”H( G) ] in 
Buffered D-Glucose Solutions 


ZAKA-UD-DIN T. CHOWHAN* and WkLIAM I. HIGUCHI‘ 


Abstrect The transport of taurocholic acid-(cholic-*H(G)] in 
liposome dispersions prepared from lecithin-dicetyl phosphate in 
buffered glucose solutions at  different pH’s was studied. The trans- 


coefficient indicated that the unionized form of taurocholic acid was 
being preferentially transported at  low pH and that the taurocholate 
ion was the main species hivolved at  high pH. 


port exp&iments were carried out using previously developed 
techniques in which the release of the solute is studied from dis- 
persions contained in the dialysis bags. The experimental results 
of the direct-release and the uptake-release cases were analyzed by 
the monosize, multiconcentric layer Model 1 which was developed, 
evaluated, and u$ed recently for D-glucose transport studies. 
Uniformly good fits of the experimental data with the model were 
observed, and the permeability coefficients and the aqueous-lipid 
partition coefficients for taurocholate transport in liposome dis- 
persions were calculated. The pH dependence of the permeability 


Keyphrases 0 Permeability coefficients, taurocholic acid, radiq- 
labeled-liposome dispersions 0 D-GIUW solutiod-transport of 
taurocholic acid-(cholic-W(G)], lecithin spherule dispersions, 
permeability coefficients, pH effect 0 Taurocholic acid, radio- 
labeled-transport in D-glucose solution, lecithin spherule dis- 
persions, permeability coefficients, pH effect 0 Lecithin spherules- 
model transport studies, taurocholic acid-[cholbaH.(G)] in D 
glucose solution, permeability coefficients 0 Transport studies, 
model using lecithin spherdes-taurocholic acid~cholic-*H(G)] 
in D-glucose solution, permeability coefficients, pH effect 


in previous investigations (1,2), quantitative methods 
were developed and used in the determination of perme- 
ability coefficients for  glucose and 3-O-methyl-~- 


glucose in complex aqueous liposome dispersions. The 
release of the solutes from dispersions contained in a 
dialysis bag was studied as a function of time using 
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Figm 1-Firsi-order plots for determiiriiig die bag corislairts giciirg 
thr trurisport of tuurmiidic acid aiid D-gliicose through the dialysis 
hag mernbraiie in buffered isotonic (D-glucose) sduriori. Key to 
ironsport d ruuroclrdic acid: 0, 0.01 M ucetate buffer at p H  3.6; 
0, 0.01 M acetate buffer at p H  4; A, 0.01 M acetute buffer ut p H  5; 
A, 0.01 M phosphate buffer ut p H  7; m, 0.008 M phosplrute buffer ai 
pH  8; 0,  0.01 M phosphate buffer ot p H  8; e, 0.01 M phospliatii 
buffer iir 0.9% sodium clrloride at p H  5; wid 0, 0.01 M phosphate 
buffer iii 0.9% sodium chloride at p H  7. Key to twrsport of D-R~UCOR: 
V, 0.OI M acctute buffer at p H  5; aiid V, 0.01 M phospltute buffer ut 
p H  7. 


direct-release and uptake-release experimental pro- 
cedures. These data were analyzed using the monosize, 
multiconcentric layer models which assume that the 
spherules consist of multiconcentric bilayers of equal 
thickness   pa rating aqueous compartments. 


The purpose of the present investigation was to test 
the applicability of the previously developed techniques 
in the study of the transport behavior of an acidic 
compound, taurocholic acid. These studies were to be 
carried out under different pH conditions, and the 
influence of pH in altering the transport characteristics 
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Figure &Results of computations using the monosize, rnulticon- 
centric Model I showing the convergence of the direct-release curves. 
For curve a, n = 5; for c u m  b, n = 10; for curve c, n = 20; and 
for curve d, n = 30. Other parameter values are given in Table II 
un&rpH7(p = 2 X IO-Io). 


TaMe I-Summary of the Parameter Values Determined at  
Different p H s  for h e  Transport of Taurocholic Acid in 
Liposome Dispersions 


PH P P kl k1 


8(0.01 M 1 x 1 0 - 9  2.42 X 10-11 34 140 


8(0.008 M 5 x 1.21 X 10-11 56 170 


7(0.01 M 5 x 10-10 1.23 X 10-11 50 260 


5 (0.01 M 1.5 X 10-' 3.83 X l W 1 l  82 290 


4(0.01 M 4 x 10-8 99.15 X 10-l' 95 345 


3.6(0.01 M 8 X 1 P  194.69 X lW1l 210 600 


p$jjy 
phosphate 
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phosphate 
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buffer) 
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buffer) 
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of this solute was to be determined. It was hoped that the 
results of this study would help in the understanding of 
mechanisms that might be important in the movement of 
such molecules across biological membranes. 


EXPEXIMENTAL 


General CdderPtians-The aqueous solution containing 5.1 
anhydrous mglucose was used earlier (1, 2) in the preparation of 
liposome dispersions. The same solution was used in the sink during 
a release run. Two reasons existed for the choice of this solution: 


1. During the determination of the particlesize distribution by 
means of the Coulter counter, it was found i,mportant to make 
dilutions in 0.9% sodium chloride solution, which is isotonic, with 
the mglucose solution used in the preparation of the dispersion. 


2. It was not possible to prepare dispersions in 0.9% sodium 
chloride solution free from aggregates. Therefore, it was decided 
to conduct the present studies in buffered mglucose solution at  
different pH's. 


Materials-The procedures used in the purification of egg yolk 
lecithin wete reported previously ( I ) .  Dicetyl phosphate' was used 
without further purification. Anhydrous mglucose. potassium 
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Mgm %-Determination of kr from the initial data of the zero-hour 
uptake-release experiment for taumhdic  acid from lecithin-dicetyl 
phosphate dspersions in buffered glucose solution at pH 7. Key: 0, 
experimental data. Curves represent calculation results. For curoe a: 


10-10; ad kl = 50, kx = 260, p = 5 X 10-10. For curve b: kl = 
48, kr 300, p = 2 X 10-10. For curve c: kl =I 48, kr = 200, p = 
2 x 1 0 - 1 0 .  


k1 = 48, h = 260, p 2 X IO-"; k: = 25, ks = 260. p 2 X 


I Sigma Chemical Co.. St. Louis, Mo. 
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Figwe &Determination of kl from the initial data of direct-relee 
experiment for taurocholic acid from lecithin-dicetyl phosphate dis- 
persions in buffered glucose solution at pH 7. Key: 0, experimental 
data. Curws represent computation results. For curve a: ki = 48, 
k1 = 260, p = 2 X 10-ia. For curve b: k, = 50, ka = 260, p = 
2 X IFm; and kl = 50, kt = 260, p = 5 X 10-10. For curve c: 
kl = 40, ka = 260, p = 2 X For curve d: kl = 60, ki = 260, 
P = - 2 X I F ' " .  
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phosphate monobasic and dibasic, sodium acetate, acetic acid, and 
chloroform were analytical reagent grade' and were used without 
further purification. Sodium chloride was also reagent grade' and 
used as such. The dialysis bags4 were used without pretreatment. 
The water was double distilled in a glass apparatus. Taurocholic 
acid-[choli~~H(G)]~ was obtained in the form of methanokthanol 
(1 : 3) solution with a specific activity of 2-3 c./mM. 


Apparatus and Procedures-The apparatus used for the tauro- 
cholic acid transport studies was exactly the same as reported p r e  
viously (1). It consisted of a water-jacketed beaker and a dialysis 
bag holder-stirring assembly. Five milliliters of the dispersion was 
added to the dialysis bag, and at zero time the dialysis bag holder- 
stirring assembly was lowered into 100 ml. of sink solution main- 
tained at  25". The dispersion and the sink solution were stirred at  
150 r.p.m. by two different stirring arrangements. At the end of 
each sampling time, the dialysis bag holder-stirring assembly was 
transferred to another water-jacketed beaker containing 100 ml. of 
fresh sink solution. 
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Figure 5-Comparison of the direct-release experimental data ob- 
tained from lecithin-dicetyl phosphate dispersions for taumholic 
acid released in 0.01 M phosphatebuffered glucose solution at pH 
7 with the calculations using the monosize, multlconcentric Model I .  
Key: a, experimental data. For curve a: kl = 50, kr = 260, p = 
5 X IFia. For c u m  6: kl - 48, kr = 260, p = 2 X IFm. For 
curoe c: ki = 50, k1 = 260, p = 2 X 10-ia. Other parameter values 
are taken from Table II. 


* J..T. Baker Chemical Co., Phillipsburg, N. J. 
'R+er Scientlfic Co.. Fair.Lawn, N. 1. * Union Carbide Corp., Chicago, Ill. 
New England Nuclear. Boston. Mass. 
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Figwe bcomparisons of the uptakerelee experimental data 
obtained from Iecithidicetyl phosphate dispersions for taumhdic 
acid release in 0.01 M phosphate-bflered glucose solution at p H  
7 with the calculations using the monosize, multiconcentrlc Model I .  
Key (symbols represent experimental data): 0, zero-howr solute 
uptake prior to release; A, 2-hr. solute uptake prior to release; and 
0, 10-hr. solute uptake prior to release. Curws a, b, and c represent 
calculations oft&, 2-, and 10-hr. solute uptake, respectiwly. For 
solid curves: kl - 48, kr = 260, p = 2 X IFio; and kl = 50, kr = 
260, p = 2 X 1O-Io. For broken curws: ki - 50, k' = 260, p = 
5 X 10-m. Otherparameter values are taken from Table II.  


For the purpose of determining the bag constant (1,2), the trans- 
port of the solute through the cellophane membrane was studied 
by the same procedure as used for the dispersion except that a 
buffered glucose solution containing the radioactive solute was 
used instead of the liposome dispersion. 


The dispersions for the direct-release experiments were prepared 
(1) by mixing the chloroform solution of lecithin-dicetyl phosphate 
and tbe buffered glucose solution containing the radioactive solute. 
The solvent was then slowly removed using a flash evaporator with 
vacuum from a water aspirator. After the removal of chloroform, 
the dispersions were allowed to equilibrate for 2 hr. before starting 
the release run. The dispersions for the uptake-release experiments 
were prepared by the same procedure except that the radioactive 
solute was added to the dispersion after preparation. 


The procedures for the determination of radioactive counts and 
for the Coulter counter particle-size distribution were the same as 
reported earlier (1). 


THEORETICAL 


Theoretical analyses carried out in the earlier reports (1 ,  2) in- 
dicated that the transport behavior of liposome dispersions could 
be quantitatively characterized by the physical models, assuming 
multiconcentric bilayers of lecithin separating aqueous compart- 
ments. The permeability coefficient per segment was related to the 


!q/, , , , , , , , 
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Figure I-Comparisons of the direct-release experimental data ob- 
tained from lecithin-dicetyl phosphate dispersions for taurocholic 
acid release in 0.01 M acetate-buffered glucose solution at pH 5 with 
the calculations using the monosize, multiconcentric Model 1. Key: 
a, experimental data. For curve a: kl = 82, kz = 290, p = 2.5 X 
lo-'. For curw b: ki = 82, ka = 290, p = 1.5 X Otherparatn- 
eter values are taken from Table 11. 
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Figure +-Comparisons of the uptake-release experimental data ob- 
tained from lecithin-dcetyl phosphate dspersions for taurocholic 
acid release in 0.01 M acetate-bufered glucose solution at pH 5 
with the calculations using the monosize, multiconcentric Model I. 
Key (symbols represent experimentaldata): 0, zero-hour solute uptake 
prior to release; A, 2-hr. solute uptake prior to release; and 0, 10 
hr. solute uptake prior to release. Curws a, b, and c represent cal- 
culations of 0, 2-, and I0hr. solute uptake, respectively. For solid 
curves: kl = 82, k, = 290, p = 2.5 X 10-9. For broken curves: kl = 
82, kt = 290, p = 1.5 X 1 0 - 9 .  Other parameter values are taken from 
Table 11. 


effective bulk permeability coefficient by the following equation: 


where p is the permeability coefficient per segment; n and r are 
the number of concentric layers and radius of the spherule, re- 
spectively; and P is the effective bulk permeability coefficient. 


It was shown that the theoretical release curves converge at 
constant P as n is increased. On this basis it was proposed that 
the best P be determined at sufficiently large n. 


Since the partition coefficients for  glucose (1) and 3-0-methyl- 
eglucose (2) were relatively small, the outermost lipid wuld be 
treated both as a part of the external phase (Model 1) and a part 
of the spherule (Model 2). Therefore, in the determination of per- 
meability coefficients for 3-0-methyl-Dglucose, M d e l  2 was 
chosen for the data analysis. 


Taurocholic acid transport studies indicated that relatively large 
amounts of solute bind to the lipid. Model 2, which was used for 
the transport studies of 3-O-methyl-D-glucose, failed to give 
reasonable agreements between the experiment and theory for this 
solute. Therefore, in the present studies the theoretical analyses 
were carried out using the monosize, rndticoncentric layer Model 1. 
The equations describing Model 1 are given in the Appendix and 
were solved by means of a digital computers as reported earlier (1). 


RESULTS AND DISCUSSION 


The results of the bag control experiments carried out in buffered 
glucose solutions at different pH's are presented in Fig. 1 in the form 
of semilogarithmic plots. The slopes of these first-order plots, from 
which the bag constants were determined (I) ,  represent the bag con- 
stant divided by the volume inside the bag. At pkI 5 and 7, when 
the glucose solution was replaced by 0.9% sodium chloride, the 
tranSport of taurocholk acid essentially followed the same rate. 
This indicated that the differences in the rate of taurocholic acid 
transport through the bag membrane at different p H s  were mainly 
due to the differences in the ionic strength of the buffered glucose 
rather than to pH. Furthermore, the rate of  glucose transport 
through the dialysis membrane remained unchanged in the same 
buffered glucose solution (pH 5 and 7) which gave significantly 
different slopes for taurocholate (Fig. 1). 


The results of the zero-hour uptakerelease experiments generally 
indicated a much peater binding of taurocholic acid with the outer- 
most lipid layer compared with glucose and methyl glucose. Con- 
sequently, relatively large kr values were found (Table I). To study 
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Fkure 9-Comparisons between the direct-release experimental data 
obtained from lecithin-dicetyl phosphate dispersions for taurochdic 
acid release in 0.01 M acetate-bufered glucose sdution at pH 4 and 
the calculatipns using the monosize, multiconcentric Model 1. Key: 
0, experimental data. For curve a: kl - 120, k, = 345, p = 4 X 
IF. For c u m  6: kl - 120, k, - 260, p = 4 X 1 P .  Otherparam- 
eter values are taken from Table 11. 


the convergence of the release curves when binding of the solute to 
the outermost lipid layer is much greater than binding in the inner 
lipid layers, it is important to keep the amount of solute bound to 
the last lipid layer constant. The convergence of the theoretical 
curves with respect to n of this system is typically illustrated by the 
results of computations given in Fig. 2 for the direct-release case. 
On the basis of these results, n = 30 was considered sufficiently 
large and was used throughout the present investigation. 


The two partition coefficients kl  and kt were determined from 
the initial rates of the direct-release and zero-hour uptakerelease 
experiments. For a given n, the initial slope of the zero-hour up 
takerelease experiment is mainly a function of kt. The determination 
of kr from the zero-hour uptake-release initial data for taurocholic 
acid in 0.01 M phosphate-buffered glucose'solution at pH 7 is 
illustrated in Fig. 3. The calculations shown in Fig. 3 indicate that 
the initial slope of the zero-hour uptakerelease experiment is 
insensitive to change in k, and p.  The initial slope of the direct- 
release experiment is mainly a function of both kl and k1. Once k, 
was determined, best kl values were determined by fitting the initial 
slope with the direct-release initial experimental points. The initid 
data of the direct-release expuiment carried out in 0.01 M phos- 
phate-buffered glucose solution at pH 7 are presented in Fig. 4. 
In this ligure the theoretical curves show that the initial slope for 
this situation is insensitive to changes in p and is sensitive to kl. 
The results of the direct-release and the uptakerelease experiments 
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Figure 10-Comparisons between the uptakerelease experimental 
data obtained from lecithin-dicetyl phosphate dispersions for t a u m  
cholic acid release in 0.01 M acetate-bflered glucose solution at pH 
4 and the calculations using the monosize, multiconcentric Model 1. 
Key (symbds represent experimental data): 0, zero-hour solute uptake 
prior to release; A, 2-hr. solute uptake prior to release; and 0, 10- 
hr. solute uptake prior to release. Curws a, b, and c represent cal- 
culations of 0-, 2-, and 10-hr. sdute uptake, respectively. For solid 
curves: kl = 95, kr = 345, p = 4 X 104.  For broken curves: kl 
120, kr = 260, p = 4 X 1 P .  Otherparameter values are taken from 
Table 11. 
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mure 11-Comparison between the direct-release experimental data 
obtained from lecithin-dicetyl phosphate dispersions for taurocholic 
acid release in 0.01 M acetate-buffered glucose solution at p H  3.6 
and the calculations using the monosize, mulliconcentric M&I I .  
Key: @, experimental data. Curve represents theory based on bl = 
210, k, - 600, p = 8 X I F ,  and the parameter oalues gioen in 
Table 11. 


carried out in buffered glucose solutions at  different p H s  for the 
transport of taurocholic acid are compared with the corresponding 
calculations in Figs. 5-12. The parameter values are given in Table 
11. As these data show, the uncertainty in the determination of the 
permeability coefficients becomes large when the permeability 
coefficients become very small. In spite of this limitation, the present 
results clearly show that the permeability coefficients are dependent 
on the pH of the media in which the taurocholic acid transport 
studies are performed. 


In Fig. 13 the results of the direct-release experiments for the 
transport of   glucose in buffered glucose solution (0.01 M acetate 
and phosphate) at different pH’s are presented. The curve in this 
figure represents the results of computations carried out earlier (1) 
for the glucose transport studies in unbuffered glucose solution. The 
comparisons between the release data of  glucose transport in 
buffered glucose solution at  different pH’s and the theoretical curve 
reproduced from the calculations for glucose transport in unbuffered 
glucose solution indicate no significant changes in the permeability 
coefficient of liposome membranes due to buffers or to changes in 
pH of the aqueous solution. This is a strong indication that the 
physical Characteristics of the liposome membranes are not changed 
because of the changes in pH of the media, which is used for the 
preparation of dispersion and for the study of transport. 


Since physical characteristics of the liposome dispersions do not 
seem to be significantly altered by changes in pH of the aqueous 
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&me 12-Comparisons between the uptakerelease experimental 
data obtained from Iecithin-dicetyl phosphate dispersions for tauro- 
chdic acid release in 0.OI M acetatebuffered glucose solution at p H  
3.6 and the calculations using the monosize, multiconcentric Model I .  
Key (symbds represent experimental data): 0, zero-hour solute uptake 
prior to release: and A, 2-hr. solute uptake prior to release. Corres- 
p o d n g  curoes represent calculations based on kl = 210, kr = 600, 
p - 8 X I F ,  andthe parameter oalues gioen in Tabie I .  
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Figure 13-Results showing little influence of p H  .for the release 
(direct releare) of glucose from lecithin-dicetyl phosphate dispersion 
systems in buffered glucose sdutions. Key: 0, 0.OI M phosphate 
buffer at p H  8; A, 0.01 M phosphate buffer at p H  7; and 0, 0.01 M 
acetate buffer. 


solution, it appears that the effect of pH is most likely related to the 
differences in the species of taurocholic acid in solution. The 
relationship between the effective bulk permeability coefficient and 
pH is given in Fig. 14. This relationship could be explained on the 
basis of the unionized form of taurocholic acid being preferentially 
transported. This would be in agreement with the pH-partition 
hypothesis of Shore et al. (3). The small, but finite, flux at high pH 
might be explained on the basis of the transport of the ionized 
species being the controlling factor under these conditions. This 
might have important implications in the in oiuo absorption of 
taurocholate from bile. 


APPENDIX 


Monosize, multiconcentric layer models assume that all spherules 
are of the same size and consist of i = 1 to i = n number of seg- 
ments. In Model 1 the innermost aqueous phase is defined as seg- 
ment 1. segment 2 to segment n consists of an aqueous phase and a 
lipid phase which are of equal thickness. The outermost lipid phase is 
considered as a part of Compartment 11, which is the external phase 
of the dispersion. In Model 2 the outermost lipid layer is considered 
as a part of the spherule so that each segment consists of an aqueous 
phase and a lipid phase. The basic assumptions, the equations, and 
the procedure used for solving these equations were reported 
earlier (1, 2). A summary of the equations used in Model 1 is 
presented here. 
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Figure 14-Semilogarithmic plots showing the relationship between 
the effkctiue bulk permeability coe#cient for raurochdic acid and 
p H  of the buffered glucose sdution used in the preparation and in the 
release studies. 
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Table XI-Input Data Used in the Calculations Shown in Figs. 5-12 for the Taurocholic Acid Transport at Different p H s  


Number of Bag Constant 
Volume of Mean Surface Concentric pb'sb x 104, Permeability Coefiient 


PH Spherules, ml. Radius, p Layers, n cm.' sec.-l per Segment, cm. 
~~~ ~~ ~~ 


8 (0.01 M phosphate 0.922 0.725 30 7.023 1 x lo-' 
8 (0.008 M phosphate 0.922 0.725 30 6.790 5 x 10-10 


7 (0.01 M phosphate 0.930 0.738 30 6.483 5 x 10-10 


4 (0.01 M acetate 0.973 0.744 30 3.272 4 x 10-0 


3.6(0.01 M a t e  0.966 0.730 30 2.863 8 x 1 v  


buffer) 


buffer) 


buffer) 


buffer) 


buffer) 


buffer) 


5 (0.01 M acetate 1.037 0.766 30 4.986 1.5 X 1 0 - 9  


The mass balance considerations for the i = 2 to the i = n 
segment lead to Eq. A1 : 


(V1.01 + v¶*Da)C~.t = ( V I * U I * ~ I  v~'Ua)Ct,a 


where : 


Vl . . . Vn = volume of segment 1 to segment n 
YII = volume of Compartment 11 (external phase of the 


dispersion) 
0 1  = volume fraction of lipid phase 
u. = volume fraction of aqueous phase 


CIS. .Cn = average solute concentration of segment 2 to 


C I ~ , ~  = average solute concentration of Compartment I1 
C1,.. . . Cn,a = aqueous solute concentration of segment 2 to seg- 


CII.,, = aqueous solute concentration in Compartment I1 
kl = effective lipid-aqueous partition coefficient that 


applies to the lipid and aqueous phases in the i = 2 
to i = n segments 


k2 = effective lipid-aqueous partition coefficient that 
applies to the outermost lipid phase and Compart- 
ment I1  


segment n 


ment n 


The rates at which solute leaves segments i = 1 to i = n are given by 
Eq. A2: 


where: 


Sl. . . Sn = surface area of segment 1 to segment n 


The rate of appearance of solute in Compartment 11 is given by 


p = permeability coefficient per segment 


Eq. A3: 


where : 


sb = surface area of dialysis membrane 
Pb = effective permeability coefficient of bag 


The rate of appearance of solute in the sink is given by Eq. A4: 


(Eq. A4) 


where As = the amount of solute in the sink normalized with 
respect to the initial amount in the bag. 
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INTRODUCFION 


This is a review (and in some cases an analysis) of 
selected pharmacokinetic studies on drugs with closely 
related chemical structures. It is not an attempt to 
survey all of the work that has been reported in the 
field of biopharmaceutics and pharmacokinetics, nor 
is it a summary of all studies involving alteration of drug 
absorption, distribution, and excretion through molec- 
ular modification. Several recent publications collec- 
tively serve that purpose, and these are cited within the 
text. This review is an attempt to stress the significance 
of pharmacokinetics in drug design and to illustrate 
the main points using examples selected from the litera- 
ture. 


The concept of pharmacokinetics and compartmental 
analysis is not a new one, although the level of sophis- 
tication and interest in this subject has rapidly in- 
creased during the last decade. As early as 1920, Wid- 
mark and Tanberg (1) and Widmark (2) studied the 
kinetics of drug elimination and drug plasma levels 
after multiple doses. Compartmental analysis was first 
introduced by Teorell (3, 4) in 1937 when he reported 
the kinetics of the distribution of substances in the 
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body. Marshall et al. ( 5 ,  6) made early contributions to 
what is now called pharmacokinetic analysis with their 
work on the elimination of sulfanilamide, as did Stewart 
et al. (7). 


The first review of pharmacokinetics appeared in 
1961 when Nelson (8) surveyed the literature on the 
kinetics of drug absorption, distribution, metabolism, 
and excretion. Also in 1961 Wagner (9) published a 
review of the fundamental principles involved in the 
absorption aspects of biopharmaceutics. A very fine 
text was written by Rescigno and SegrC in 1961 cover- 
ing the mathematical aspects of modeling and com- 
partmental analysis. The English edition appeared in 
1966 (10). Several texts are available (11, 12) which 
discuss the fundamentals of drug metabolism, disposi- 
tion, and evaluation using pharmacokinetic principles, 
and guidelines have been published for the evaluation 
of bioavailability of drugs (13). The principles and 
methods used in biopharmaceutics and pharmaco- 
kinetics are the subjects of several texts (14-19) for the 
beginning and advanced student. Pharmacokinetics 
have been applied to the evaluation of oral timed- 
release drugs and used to determine the effects of dis- 
solution rate, particle size, inert tablet ingredients, and 
urinary pH on the absorption and excretion of drugs. 
The pharmacokinetic parameters involved in drug- 
receptor interactions, .binding to nonreceptor tissues, 
passive and active transport, metabolism, and excre- 
tion have been the subject of papers too numerous to 
list here. 


Absorption Aspects-Although the use of compart- 
mental analysis of drugs in the body is quite common 
and well publicized, relatively little use has been made 
of a priori considerations of pharmacokinetic param- 
eters in drug design. Most of what has been reported 
applies primarily to GI absorption and may be de- 
scribed as attempts to: 


1. Maximize the absorption rate by increasing the 
dissolution rate (as in  micronization, salts of acids or 
bases, buffers, amorphous or metastable polymorphs, 
etc.). 


2. Extend duration by decreasing the release rate 
from the dosage form (timed release, repository in- 
jections of slowly soluble salts, macrocrystals, free acid 
or base instead of salt, etc.). 


3. Decrease loss to degradation in the stomach 
(acid-insoluble esters or salts, chemically stable deriva- 
tives, enteric coating, etc.). 


4 .  Decrease loss due to complexation with foods 
(chemical modification, etc.). 


Although modification in the formulation (or of the 
dosage forms themselves) has received the most at- 
tention, many of the above alterations may be con- 
sidered as chemical changes. While these modifications 
usually occurred in response to a particular problem 
with the parent compound, it is imperative that this 
aspect of drug design move (and no doubt it will) from 
an era of “corrective” research into one of “predictive” 
and “preventative” research. Obviously, the evaluation 
and thus the control of pharmacokinetic parameters 
must be introduced in the early phases of drug design 
to optimize all considerations that will become signifi- 
cant when the drug is in clinical use. 


Need for Pharmacokinetics in Drug Design-Very 
few studies have been reported wherein the goal was to 
define substituent group effects on the total drug- 
organism interaction, including not only biological 
responses but also correlations between the observed 
pharmacological effects and the absorption, distribu- 
tion, and excretion of the derivatives. Generally, ex- 
amples illustrating such effects must be found in retro- 
spect by examining classes of drugs where both pharma- 
cokinetic studies and biological responses have been 
reported and then deducing, where possible, the con- 
nection between them. While this is not an easy task, 
the results do point up three important facts: 


1. Pharmacokinetic parameters do influence bio- 
logical response, and they are indeed critical in drug 
design. 


2. Pharmacokinetic parameters can be modified by 
rather subtle structural changes. 


3. There is a great need for basic studies in this field 
to arrive at the level of sophistication necessary to 
make apriori judgments practical. 


The ultimate goal is to design a drug molecule having 
a desired pharmacological effect resulting from the 
proper balance of absorption, distribution, intrinsic 
activity, metabolism, and excretion without resorting to 
the costly and time-consuming process of screening 
large numbers of analogs. 


Drug-Receptor Interactions-It is common practice 
to consider the effects of substituent groups in a series 
of molecules upon the “drug-receptor” interaction 
(Scheme I). Typically, some assumptions are made 


Chemical 0 Modification 


Scheme I-Diagram of molecular modifcation effects at the drug- 
receptor interaction 


regarding the interaction between parent compound 
and receptor. Molecular modifications are made, and 
the basic assumptions are tested. Generally, abnormal- 
ities (unexpected results) are explained by modifying the 
concept of the receptor and occasionally even by modify- 
ing the concept of the drug structure, as in the case where 
the observed activity is explained by arguing for a 
particular conformation being the preferred one for that 
molecule only when it is in the vicinity of that receptor. 
In many cases, the conclusions are based upon dose- 
response curves and the dose is assumed to be responsi- 
ble for the magnitude of the response. However, it is 
well recognized (albeit seldom evaluated) that the time 
course for a drug at the receptor must also be con- 
sidered. The onset, duration, and intensity of effect may 
be considered as a function of at least two factors: 
(a )  transport processes affecting the time course at 
the receptor site: delivery and removal from the site, 
absorption, distribution, excretion, metabolism, bind- 
ing, etc., and (6)  interaction between drug and receptor 
after arrival at the site. 


Time Course for Drug-Receptor Interactions-Scheme 
I1 illustrates how modification of a parent structure 
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ktiminatiori 
Scheme 11-Diagram illustrating the potential rate processes influ- 
encing the time course for a drug at rhe receptor. The drug-receptor 
interaction is indicated as D-R and dosage form is placed in depot. 


See text for further definition of symbols. 


can influence the drug available to the receptor site. 
The following processes in Scheme I1 can be altered 
by changing a substituent group on a drug (D): 


1. Supply and loss 
(a) Release from dosage form (rate and/or 


(b) Stability in depot 
(c) Binding in depot (DB)  
(d) Transfer from depot to central compartment 


(e )  Elimination rate from central compartment 


(a )  Binding in central compartment (DB)  
(b) Binding in peripheral compartment (DB)  
(c)  Rate and volume of distribution 
(d) Transfer to receptor site 


amount) 


(rate and/or amount) 


2. Distribution 


3. Drug-receptor interaction 
An immediate problem challenging those who would 


consider and “optimize” all of these factors is physically 
locating the receptor site and defining an ideal time 
course for the drug-receptor interaction, e.g., “hit and 
run,” sustained effect, efc .  Although quite arbitrary, 
it has been stated (14) that an ideal drug should: (a) 
reach the site of action, (b) arrive rapidly in sufficient 
quantity, (c)  remain for a sufficient duration, (d) be 
excluded from other sites, and ( e )  be removed from the 
site when appropriate. 


Consider a relatively simple problem and a well- 
known example: the design of a urinary tract anti-in- 
fective. For the simplest case, the site of infection will 
be regarded as the urinary tract itself. The example 
chosen is the prodrug, methenamine. In acid pH, 
methenamine is converted to formaldehyde, which 
acts as the antibacterial agent as illustrated in Scheme 
111. Tablets of methenamine are often enteric coated to 
prevent conversion to formaldehyde in the stomach 


(RN4H+)(-OOCR’) - RN4H+ + 
methenamine mandelate pss5 


rapidly reveriible 
bound ~ free + 


HCHO - HCHO 


R’COOH 
1 pKa - 3.37 


R’COO- 


m,+ 


(20). Thus, absorption occurs from the intestine into 
the bloodstream where the pH is too alkaline for con- 
version in both cases. Methenamine is cleared intact in 
the urine where it becomes converted to formaldehyde 
if the pH is less than 5.5. The rate of conversion can be 
controlled by management of urinary pH. 


This example is somewhat simplistic since the site of 
action has been limited to the urinary tract. Thus, the 
physiological location for delivery of the active agent 
can be defined and monitored. The time course for 
drug at the site can be determined by assay of urine 
samples for formaldehyde as a function of time. The 
goal of product design would thus be to achieve the 
optimum time course of formaldehyde concentration in 
the urine. 


In general, the problem is a more difficult one be- 
cause the site of action cannot be easily defined or 
sampled. Pharmacokinetic analysis presents a powerful 
tool for understanding the entire time course of a drug 
in the patient by kinetic modeling. The following dis- 
cussions are intended to illustrate this premise as well 
as to suggest possible approaches in defining substituent 
effects. 


DEFINING PHARMACOIUNETIC RESULTS 
OF MOLECULAR MODIFICATION 


Interpretation of Data-Which parameters have 
changed? How have they changed? Why? These are 
the basic questions in the evaluation of substituent ef- 
fects on pharmacokinetic behavior. However, the more 
significant question ultimately is: “Does this altera- 
tion in pharmacokinetic behavior improve the course 
of therapy with this drug?” It is difficult to envision a 
model system that will lend itself to simple assessments 
of these questions. Indeed, this is the challenge of future 
structure modification in drug design. 


This review is limited to pharmacokinetic parameters 
associated with compartmental analysis. Several recent 
texts define the methodology involved in this approach 
(14-19). Although the terminology employed is fairly 
standard, the symbols vary somewhat throughout, the 
literature. The most frequently encountered terminol- 
ogy is summarized in Table I, where typical symbols 
and their references are also listed. The symbols in 
Column 1, taken from Reference 14, are used in this 
review. 


Scheme IV illustrates the model that corresponds to 
the symbols in Column 1, Table I. The meaning of 
this scheme is defined in Table I. This model is used 
to represent both one- and two-compartment systems. 
A one-compartment system is arbitrarily defined as 
one that immediately achieves equilibrium ratios of 
T/B following a rapid intravenous dose. Graphically, 
this would result in a monoexponential first-order plot 
for concentration in B versus time. When distribution 


hi A -  


ITI 
Scheme I V 


(antibacterial) 
Scheme I l l  
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Table I-Survey of Symbols Commonly Used in Pharmacokinetic 
and Biopharmaceutical Literature (Those Taken from Reference 14 
Are Used throughout This Review) 


Description of 
Parameter and Its I References 


Units 14 I5 21 16.22 19 


First-order rate constant 
for absorption (time-1) 


First-order rate constant 
for elimination from 
central compartments 
(time-’) 


First-order rate constant 
for elimination from 
central compartment 
by excretion (time-1) 


First-order rate constant 
for elimination from 
central compartment 
by metabolism (time-’) 


First-order rate constant 
for transfer from cen- 
train to peripheralb 
compartment (time- 1) 


First-order rate constant 
for transfer from 
peripheralb to central 
compartment’ (time-1) 


Apparent fust-order rate 
constant for elimina- 
tion from body (time-!) 


Apparent first-order rate 
constant for elimina- 
tion from body by ex- 
cretion (time-1) 


Apparent first-order rate 
constant for elimina- 
tion from body by 
metabolism (time-1) 


Apparent volume of dis- 
tribution (volume) 


Apparent volume of cen- 
tral cornpartmento 
(volume) 


Concentration of drug 
in bloodstream or 
plasma (amount/ 
volume, mg. %, etc.) 


Dose of drug in body 
(amount) 


Biological half-life for 
elimination from 
body (time) 


Renal clearance 
(ml./min.) 


Site of administration 
of drug 


Central compartment” 
Compartment account- 


ing for total elimina- 
tionb 


Peripheral compartmentC C2 


k a  kn k u  


8 8 8  


CP CP D i  


CIr 


D - -  


P C 1  
ME - - 


- -  


T T 2  


,I The central compartment is often referred to as the blood or plasma 
although it is recognized that it can in fact be larger in volume (23). * See, Scheme IV. e The peripheral compartment is often referred to as 
the tissue compartment. 


between T and B is slow relative to elimination, Scheme 
IV represents a two-compartment model. In practice, 
this is evidenced by a biexponential first-order plot 
for drug in compartment B. In either case the bio- 
logical half-life is defined as: 


= 0.69318 (Es. 1) 


where /3 represents the negative value of the slope of 
the first-order plot for a one-compartment model or 
the slope of the terminal portion of the plot for a two- 
compartment model. 


Table 11-Reported (or Calculated) Values for Selected 
Pharmacokinetic ParameteH for Several Penicillins 


~~~~~ 


Penicillin w2, hr. Vd, 1. C, ml./min.b 


1.2 (43) 43 (43). 210 (49)‘, 
25 (49)d, 312 (50) 
30 (50) 


13 (51) 287 (50) 


0.7  (42) 16 (50) 130(50) 


Ampicillin 1 .O (41), 0 .8  (42), 22 (41), 2OC(42), 283 (41), 


Carbenkjllin I . 0 (42) I@ (42) 86 (42) 
Cloxacillin 0.42(44), 0.6(42) 1@(44), 11 (42), 162(44), 


Dicloxacillin 0.88 (41), 13 (41). loc (44), 88 (41). 


Methicillin 0.43 (41) 22 (41) 350 (41) 
Nafcillin 0.55 (45),1.2 (43) 21“ (45),57 (43) 160 (45y 
Oxacillin 0.70 (41). 27 (41). 14“(44), 190 (45)., 


0.38 (44), 13 (42). 402 (50) 
0.40 (45) 15’ (49, 


26 (50) 


0.93(46)1,0.6- 35(24) 340-480 
0.99 (47)0, (46)f, 377* 
0.54(24),0.65*, 
0.78 (48) 


0.71 (44), 9.4  (42), 162 (44). 


Penicillin G 0.70 (41), 26 (41), 22’(42), 433 (41), 
0 .5  (42), 0.84- 37-37 (46)/, 386 (49)., 


Phenethicillin 0.77 (48) Appears to be - 
0.6 X Vd of 
penicillin G (48) 


Phenoxy- 0.53 (24). 0.43*, 51 (24). 54* 393* 
methyl 0.52 (48) 
penicillin 


0 The reference for each value listed is given in parenthesis. b Values 
for renal clearance. See Table 1 for symbols. e Calculated from Vd = 
L/BP.. (14. 40) using the 3-hr. constant-infusion data reported in the 
reference cited. d Average value calculated from P,, data using all three 
h l z  estimates in Column I of this table. UNts are ml./min./l.73 m.2. 
1 Variation due to ambulatory uersus bed rest. @ Variation attributed to 
size of dose. * Calculated from data in Reference 51. 


Optimizing Parameters: Antibiotics-Methods for 
assessing structural effects on pharmacokinetic param- 
eters are illustrated using literature data for penicillin 
derivatives. As stated earlier, a more basic concern 
is that of tailoring pharmacokinetic parameters for 
optimum therapeutic response. It has been emphasized, 
for example, that steady-state levels of carbenicillin 
are twice that of ampicillin. These high blood levels 
of carbenicillin following intravenous administration 
have been said to be a primary factor for its efficacy 
in treatment of relatively resistant infections such as 
pseudomonas (42). However, the reasons for the ob- 
served differences in blood levels must be determined 
to compare the drugs rationally. It is demonstrated 
in the following section that the reason for this differ- 
ence is the larger volume of distribution for ampicillin 
since the elimination rate constants are similar. 


If all other factors were equal, it might be argued 
that an increased value for Vd is a clinical advantage. 
Spitzy and Hitzenberger (24) stated that “bacteria 
germinate more frequently in the tissues than in the 
blood,” while Pratt (25) stated that “bacteria are more 
common in other tissues than blood.” Several other 
authors stressed the importance of tissue concentrations 
(26-28), and Fabre el al. (29) stated that an antibiotic’s 
effectiveness depends upon its penetration into tissues, 
particularly inflamed tissues. Thus, if plasma protein 
binding is equal, an antibiotic derivative with a larger 
Vd would appear to be reaching the site of action with 
better efficiency. Although this is by no means unequiv- 
ocal, the spectrum of research activity in antibiotic 
derivatives would imply that the following goals for 
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Table ID-Isoxamlyl Penicillins 


Penicillin Structure, R Pa,, mg.fl.0 C, ml./min: Vd, & hr.-lb Pox, hr.-lb Bmoc, h.-" 


oxacillin 


cloxacillin 


%&H, 9.7 


@+A, 15 


25 
Dicloxacillin 


226 14 1.83 1.02 0.81 


162 10 1.65 1.02 0.63 


113 10 0.98 0.72 0.26 


Taken from Reference 44. b Calculated from Reference 44. 


molecular modification are generally pursued: (a) 
increased distribution to tissues; (6)  increased tl/, to 
maintain higher postdistribution body levels and to 
decrease the dosage frequency; (c) decreased binding 
capacity to foods and also to plasma protein; (d) in- 
creased oral absorption through increased solubility, 
dissolution rate, GI stability, and partition coefficient; 
and (e) decreased minimum inhibitory concentration 
(MIC) with resultant decrease in the required dose. 


It is interesting (and perhaps amusing) to note that 
these goals often appear more obvious in promotional 
literature for antibiotic derivatives than in the scien- 
tific literature itself. While this list is not all inclusive, 
it can serve as the basis for a pharmacokinetic com- 
parison. 


Penicillins-Antibiotics probably represent the prin- 
cipal group wherein minor molecular modifications 
have been made on parent molecules with resultant 
alterations in pharmacokinetic parameters. Since pen- 
icillin marked the beginning of antibiotic chemotherapy, 
there have heen a great number of studies on these 
derivatives. Schwartz and Buckwalter (30) discussed the 
relative gastric stability of penicillins as the primary 
factor in determining bioavailability. Hou and Poole 
(28) reviewed the relationship of penicillin structure to 
biological activity. Structures as well as typical MIC 
values for the penicillins discussed here may be found 
in their excellent review. A number of other reviews 
on penicillins and cephalosporins are also available 


The reported values for three pharmacokinetic param- 
eters (t,/,, Vd, and C) are summarized in Table I1 
together with their reference sources. The ill ,  values, 
reported by the various investigators for a given peni- 
cillin, appear to be in good agreement. Wagner (15) 
suggested that the values for the tr/, of a drug would be 
expected to be distributed normally or log-normally 
within a total population of subjects. Somewhat sur- 
prising, perhaps, is the observation that generally all 
of the penicillins in Table I1 have half-lives in the rather 
narrow range of 0.5-1 hr. 


There appears to be a much greater variation in the 
reported values for the Vd of a given penicillin. Bio- 
logical or subject-to-subject variation surely accounts 
for some of these observed differences. This is especially 
true where absolute values are compared, as they are 


(3 1-39). 


in Table I1 where the distribution volumes are given 
in liters. It is probably more rational to state these on 
a relative basis such as percent of body weight or milli- 
liters per gram, as illustrated in References 24 and 47. 
Levy (46) illustrated that the Vd of penicillin G is in- 
creased during bed rest (47 1.) compared to that of am- 
bulatory patients (37 1.). The rate constant for metab- 
olism of penicillin G, Bmet, was also significantly de- 
creased ( p  < 0.05) during bed rest. Studies comparing 
drug derivatives must be designed to control factors 
such as biological variation and patient activity for a 
meaningful experimental design. 


There is a more basic problem in evaluating the Vd 
of a drug. If a drug is truly distributed according to a 
one-compartment open model, the calculated value 
for Vd may be expected to be independent of the method 
used to determine it (52) since equilibrium ratios of 
TIP will be achieved. However, if the drug is distributed 
according to a multicompartment model, the value for 
Vd is dependent upon the kinetics. For example, the 
value obtained by the extrapolation method will not 
agree with that obtained by the steady-state method 
(52). The influence of the elimination rate constant, 
kp, on the calculated value for Vd was illustrated by 
Gibaldi and Perrier (53) and Jusko and Gibaldi (54). 
By using constant intravenous infusion to obtain a 
steady-state plasma level, the T and B compartments 
(Scheme IV) can be brought to equilibrium. The steady- 
state distribution volume is then defined as: 


which is independent of kz. This offers one approach 
to comparing distribution of analogs using a method 
that should produce more reliable results than one 
that is influenced by elimination. 


The isoxazolyl penicillins represent a group of three 
closely related penicillins with varied pharmacokinetic 
behavior (Table 111). Their structural differences are 
limited to the number of chlorine atoms. Early studies 
attributed higher dicloxacillin serum levels to increased 
oral absorption. The ratios of serum levels following 
oral administration in one study were roughly 2 : 1 for 
dicloxacillin-cloxacillin (55).  In another study, similar 
ratios of 2.3 : 1.4 : 1 for dicloxacillin-cloxacillin-oxacillin 
were obtained for both the oral and intravenous routes 
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of administration (50). This precludes the possibility 
of absorption being the sole factor for different plasma 
profiles. The percent absorption was also calculated 
from: 


% absorption = 100% (areao,.l/areai.v.) (Eq. 3) 


using the areas under the curves. Some improvement 
in absorption with chlorine substituents was detected; 
80% of dicloxacillin, 77% of cloxacillin, and 67% of 
oxacillin were absorbed. However, the differences are 
not sufficient to explain the dramatic contrast in plasma 
levels following oral administration. Such curves can- 
not be compared directly. In spite of the seemingly 
minor structural differences in the isoxazolyl penicillins, 
each must be regarded pharmacokinetically as a differ- 
ent drug. Dittert et al. (41) demonstrated that penicillins 
are distributed according to a two-compartment open 
model as represented by Scheme IV. Therefore, the 
values for all four constants (kl, kI2, kZ1, and k2) may 
change with the addition of chlorine atoms, and their 
individual contributions to the time course must there- 
fore be considered. 


The data of Rosenblatt et al. (44) provide a means 
for illustrating how pharmacokinetic substituent effects 
might be assessed. The steady-state plasma levels fol- 
lowing 250 mg./hr. intravenous infusions, as reported 
in their studies, are given in Table 111. The ratio of these 
steady-state levels is quite similar to the previously 
discussed results; the dicloxacillin-cloxacillin-oxacillin 
ratio is 2.6 : 1.7 : 1. Why are these plasma levels different? 
There are three parameters that may be examined: 
Vd, Be=, and firnet. The values for Vd have been calculated 
from the equation (14,40): 


Vd = ko/BPm 0%. 4) 


and results are given in Table 111. Now it can be con- 
cluded that the dicloxacillin-cloxacillin steady-state 
plasma ratio of 1.7 cannot be attributed to differences 
in distribution since the Vd values are the same. The 
values for 8 have been calculated using Eq. 1. It can 
now be concluded from the values for P,,, Vd, and 
that plasma level differences and their reasons are: 
dicloxacillin > cloxacillin due to decreased elimina- 
tion; cloxacillin > oxacillin due to decreased Vd; di- 
cloxacillin > oxacillin due to both decreased elimina- 
tion and Vd. 


It is generally agreed that extending the duration of 
penicillin blood levels represents a clinical advantage, 
especially since these antibiotics have such short t l / ,  
values (42,44). Dicloxacillin has the longest tl/, (smallest 
8) of the isoxazolyl penicillins in Table 111. The addi- 
tion of two chlorine atoms to oxacillin has thus ex- 
tended its duration. But why has this occurred? It is 
necessary to determine the mechanism responsible 
for the change if one is to develop a rational approach 
to further molecular modification. 


The total elimination constant, 8, can be divided 
into renal, pex, and nonrenal, ornet, components using 
the data for the fraction excreted in the urine (44). The 
value for /Let appears to decrease with the addition of 
chlorine atoms to oxacillin (Table 111). A similar trend 
can .be observed with the values for renal clearance. 
Both renal and nonrenal excretion decrease with in- 


creasing lipophilicity. Nayler (56) suggested that active 
transport systems for organic anions in the kidney 
tubules and the liver represent the most important 
pathways for elimination of penicillins. Since both 
tubular secretion and inactivation involve passage 
across lipid membranes, there should be an optimum 
partition coefficient (56). The isoxazolyl penicillins 
have the most hydrophobic side chains of all penicillins 
in clinical use and presumably have partition coeffi- 
cients in excess of the optimum (56). These observa- 
tions are somewhat supported by the fact that penicillin 
G has a renal clearance value near 400 ml./min., which 
approaches the renal plasma flow rate of 650 ml./min. 
Addition of chlorine atoms to the already lipophilic 
oxacillin further depresses the clearance value from 
226 to 113, which is roughly the value for glomerular 
filtration (14). 


The decrease in metabolism of cloxacillin as compared 
to oxacillin might have been overlooked if a comparison 
of rl/* (or 8) were made. The single chlorine atom ap- 
pears to have no effect on excretion when tl/, is used 
as the sole criterion. Yet the ratio of renal clearance 
values is 226 : 162, indicating that oxacillin is cleared 
1.4 times faster than cloxacillin by the kidney. The t l / ,  
values are the same, since this parameter represents 
the time to remove half of the drug from the entire 
body, and the ratio of the Vd of oxacillin to cloxacillin 
is 14:lO or 1.4 times larger so that the difference in 
renal clearance is offset by the increase in Vd. From a 
structural point of view, the additional chlorine atom 
has markedly depressed renal clearance. 


Similar analyses can be extended to other penicillins. 
Differences in steady-state plasma levels of related 
penicillins are frequently attributed solely to their rates 
of elimination (42, 44, 49, 56). Table IV summarizes 
the observed steady-state plasma levels following con- 
stant intravenous infusion of 500 mg./hr. The vaIues 
for the elimination rate constant, 8, are also given, 
together with the predicted plasma level rank order if 
only elimination is considered. Since infusion rate is 
constant, the lowest elimination rate would result in 
the highest plasma level, etc. A similar ranking is given 
using only the Vd as a criterion. Here it is assumed that 
larger volumes will give more dilute blood samples 
and thus lower levels. Neither of these approaches is 
sufficient to account for the observed ranking. A few 
simple comparisons can be made. For example, the 
rank order of carbenicillin > dicloxacillin > cloxacillin 
can be attributed solely to elimination differences. Con- 
versely, cloxacillin levels are higher than oxacillin due 
to distribution. The correct ranking for all penicillins 
in Table 1V can be obtained by calculating values for 
P,, using Eq. 4. Results are in good agreement with 
observed values, illustrating that both Vd and /3 must 
be considered to compare blood levels of analogs. 


One problem that continues to confuse the issue 
when comparing various antibiotic derivatives is their 
difference in protein binding. The binding of drugs to 
plasma protein was discussed in an excellent review 
by Meyer and Guttman (57) and will not be repeated 
here. It should be emphasized, however, that the signifi- 
cance of protein binding (as well as tissue binding) 
in relation to therapeutic efficacy remains unclear for 
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Table IV-Observed and Predicted Rank Orders (Highest to Lowest) for Plasma Steady-State Concentration of Various 
Penicillins during Constant Intravenous Infusion of 500 mg./hr. (See Text for Explanation) 


-PI., mg.0.- 
Penicillin 8, hr.-1 Rank Vd, 1. Rank CalC.0 Oh. Rank Reference 


~~ 


Carbenicill@ 0.69 1 10 1 72 73 1 42 
Dicloxacgin 0.98 3 10 1 51 51 2 4 4 b  
ClOXaClllln 1.65 6 10 1 30 30 3 4 4 b  
Ampicillin 0.71 2 25 4 28 29 3 49 
Oxacillin 1.7P 7 14" 2 19 19 4 44,49 
Nafcillin 1.26 5 21 3 19 18 4 45 
Penicillin G 1.13 4 24* 4 18 16 5 49 


0 P, = (500  rng./hr.) t (BXVd). * Observed Pa8 X 2 to correct for infusion rate of 250 mg./hr. e Average value from References 44 and 45. d Average 
value from References 41 and 42. 


many antibiotics. Warren (27), in his thorough review 
of that subject, points out that readily reversible binding 
to serum or tissues can serve as a pool of active anti- 
biotic to prolong therapeutic levels. In contrast, several 
authors who hold the position that penicillins bound 
to proteins lose their activity are cited in that review. 
The ultimate criteria in comparing serum levels of 
derivatives must always be based on how much is re- 
quired to treat the disease in question. A derivative 
producing a plasma level twice as high as the original 
drug is insignificant if 10 times the original is required. 
Warren contended that absorption, distribution, and 
inactivation may be more important than binding in 
determining penicillin therapy, presumably due to 
reversi bili ty . 


Kunin (58) demonstrated that the MIC of eight pen- 
icillins in human serum is the same as that in broth 
when corrected for the bound fraction. That report 
stresses a decrease in bioavailability of penicillins by 
inactivation through projein binding. Methicillin, 
the least active in broth, not only required the smallest 
concentration to kill more than 99% of inoculum in 
serum but it was also more rapid than any other pen- 
icillin. A decrease in distribution of penicillins to tissues 
was also predicted as an expected result of the inability 
of bound penicillin to diffuse from the plasma. The 
work of Dittert et al. (41) and Doluisio et al. (59) does 
not support the latter hypothesis, since similar values 
for Vd were obtained for four penicillins whose percent 
binding in plasma varied from 22 to 94 (58). The 
fraction of the dose in the peripheral compartment was 
considered similar for all five penicillins studied (41, 
59). One report suggests that the antibacterial activity 
of three long-acting sulfonamides is independent of 
their protein binding but that this binding determines 
their duration (60). 


While the significance of protein binding of peni- 
cillins is still in dispute, there appears to be some agree- 
ment that reversibility of bound drug is the key factor. 
It has been noted and documented by authors with 
seemingly opposing views that reversible binding can 
serve to prolong drug action (27, 58) whereas only ir- 
reversible binding removes drug from the biophase. It 
has been suggested that plasma protein binding will not 
affect the tl/, if a drug is cleared by secretion in kidney 
tubules, but increased binding may prolong the t:/, 
of drug excreted solely by glomerular filtration (61). 
It would appear, from present evidence, that the signifi- 
cance is probably dependent upon the strength of 


binding. It was previously calculated that protein bind- 
ing will affect drug distribution only if the binding 
constant exceeds lo' (57). 


Tetracyclines-Development of tetracycline analogs 
may be considered as illustrative of research aimed at 
achieving the goals listed previously under Optimizing 
Parameters. It became apparent soon after the intro- 
duction of chlortetracycline in 1948 that concurrent 
administration of aluminum hydroxide gel resulted 
in decreased bacteriological activity for the antibiotic 
(62). Decreased GI absorption due to complexation 
with divalent and trivalent cations such as calcium, 
aluminum, and magnesium precluded coadministra- 
tion with milk or antacids to reduce the known po- 
tential for anorexia, nausea, vomiting, etc., observed 
during tetracycline therapy. Development of tetra- 
cyclines with a decreased propensity for complexa- 
tion thus became a clinically significant research goal. 
Some measure of success has been realized with the 
newer tetracyclines. Demethylchlortetracycline (de- 
meclocycline) blood levels, for example, are extremely 
sensitive to milk and aluminum hydroxide gel (63). 
By using those data, it was calculated that, relative to 
equal doses in the fasting state, only 13 % oral absorp- 
tion takes place when the antibiotic is administered 
with 240 ml. (8 oz.) of milk and 22% oral absorption 
takes place with 20 ml. of aluminum hydroxide gel 
(14). The data of Rosenblatt et al. (64) can be treated 
in a similar fashion, with the results showing that doxy- 
cycline absorption with food and milk is reduced to 
about 50 % whereas demethylchlortetracycline is ab- 
sorbed about 25% when both are compared to the 
fasting state during an 8-hr. period following ingestion 
of 100 and 300 mg., respectively. This comparison may 
reflect initial absorption since elimination was not com- 
pleted. Ingestion of antacids containing divalent and 
trivalent cations resulted in negligible absorption for 
both drugs. 


A similar result, although more pronounced, was 
noted by Schach von Wittenau and Twomey (65) in 
their discussion of unpublished work. When doxy- 
cycline was administered orally to humans together 
with aluminum hydroxide gel, the observed plasma 
concentrations (at an unspecified time) were reduced 
to 10% of normal. In another report, doxycycline 
plasma levels following administration with milk were 
not notably different from those in either the fasting 
state or when administered with food (66). However, 
comparisons were made only at 1 ,  3, and 12 hr. on Day 
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1 and at 0 and 12 hr. on Day 5 of a twice-a-day regimen. 
Thus, insufficient sampling could mask differences in 
absorption. Adequate data should include several values 
before and after the plasma maximum so that areas 
under the curves could be compared to establish rela- 
tive bioavailability in each case. 


The extension of biological t1/! to increase duration 
and decrease frequency of administration was reviewed 
by Fabre et al. (67) as follows. Chlortetracycline first 
appeared in 1948 with tr/, of 5.6 hr. and a dosage in- 
terval of 6 hr. Oxytetracycline and tetracycline soon 
followed with half-lives of 8.2 and 9.2 hr., respectively, 
and thus slightly longer durations. In 1958, demethyl- 
chlortetracycline (rIl2 of 11.8 hr.) and later methacycline 
were introduced as useful on a 12-hr. regimen. Doxy- 
cycline (tl12 of 18-22 hr.) marked a new stage in this 
evolution with the advent of once-a-day therapy. 


This discussion was published in 1967 and was most 
encouraging to those interested in improvement of 
tetracyclines by molecular modification. However, 
the r l / ,  values employed for the discussion do not appear 
to be unequivocal. Doluisio and Dittert (68) redeter- 
mined the t l / ,  values for several tetracyclines and com- 
pared their results with those previously reported 
(Table V). Comparison of the tl/, values following a 
single oral dose to those determined during steady-state 
plasma levels within the same study indicates that the 
r l / ,  of each of the four antibiotics increased significantly 
during the 6-day study. It is also apparent that the tl/, 
values for the four tetracyclines do not vary as much 
as indicated in the earlier review (67). The range of the 
four t l / ,  values in the steady state, for example, is only 
14 * 3 hr. Therapy with an antibiotic drug involves 
the administration of multiple doses and not just a 
single dose. The values obtained during multiple dosing 
would therefore appear to be more significant in clinical 
use of the drugs. Doluisio and Dittert demonstrated 
that r I / ,  values from single-dose studies do not predict 
steady-state serum levels of tetracyclines during multiple 
dosing whereas the steady-state r l / ,  values adequately 
describe their data. 


Many factors can alter the t l / ,  value for a given drug 
and these were reviewed elsewhere (69,70). The simplest 
equation that defines the value for jl in a manner inde- 
pendent of the kinetic model may be written: 


8 = fekr (Eq. 5 )  


where f c  is the fraction of drug in the central compart- 
ment under postdistributive conditions (7 1). The tl/, 
value for a drug distributed according to a one-com- 
partment model would be expected to be independent 
of the mode of administration since f e  is constant and 
equal to 1/( 1 + K), so that: 


t1/, = 0.69318 = 0.693(K + l)/kz (Eq. 6) 


where: 
K p ku/kii = TIP (Eq. 7) 


Conversely, a twocompartment drug does not achieve 
preequilibrium following rapid intravenous injection 
and its t I / ,  cannot, therefore, be defined by a simple 
equation employing the equilibrium constant, K. In 
this case the ratio of drug in the tissues to that in the 
central compartment during the 8-phase is larger than 


Table V-Literature Values for Apparent Biological Half-Lives 
(in Hours) for Tetracyclines" 


Repeated 
Dosing: Steady 


Drug Single Dose Days 5 6  State 


Tetracycline 6.3b, 5.6-9.3.8.2, 8, 1ob.9.5, 11 10.8' 
7 . 2 , 7 . 3  


Demethylchlor- 9.W, 6.3-13.3, 12.6, 14.7b, 14.7, 13.6b 
tetracycline 10,11,12.7 15 
(De&locycline) 


Met hacycline 7.W. 14.3, 8 .5 ,  9.6, l l . o b , l O . 5 ,  14.3b 
7 .7  1 1 . 5  


Doxycycline 8.3',11.7,15,15.1 14.5b,22c 16.6' 


0 Taken from Reference 68. b Determined in Reference 68. c This value 
appears to be incorrect since predicted steady-state serum levels using 
:I/, = 22 hr. do not agree with experimentally observed values. 


that predicted by assuming the equilibrium condition 
described in Eq. 7 (14). Under steady-state conditions 
imposed during constant-rate intravenous infusion, 
the tissue-plasma ratio again becomes defined by Eq. 
7. Thus the fraction, f c ,  can be shown to be larger during 
steady-state conditions than it is during the @-phase 
of a single intravenous dose of drug whose distribution 
is not instantaneous (71). Gibaldi (72) estimated that 
the TIP ratio for a single dose of oxacillin would be 
about twice that achieved during infusion equilibrium. 
Since jl is directly proportional to f c  (Eq. 9, the value 
for jl18 would be larger than the value obtained from a 
single dose of a two-compartment drug. During steady- 
state plasma levels, the value of f c  becomes constant 
and so does till, which is then defined by Eq. 6. Thus, 
the t l / ,  that is operative during the steady-state would 
be expected to be shorter than that observed following 
a single dose. Therefore, the increased values for t11, 
observed during continuous dosing (Reference 68 
also cites two similar previous reports for doxycycline) 
cannot be explained from the standpoint of approach- 
ing steady-state equilibrium. 


It has been suggested that the increased fill values 
might arise from a failure to obtain an accurate assess- 
ment of the terminal (or @) slope following a single 
oral dose (73). Inclusion of part of the distribution 
phase could tend to make the tl/, appear smaller with 
a single dose whereas this problem is eliminated during 
the steady state. This behavior was illustrated using 
a hypothetical three-compartment model (73). However, 
it would also apply to a twocompartment case which 
might be appropriate for assessing tetracyclines (74). 


A significant observation is the fact that all four 
tetracyclines have reasonably similar steady-state tl/, 
values (Table V). Since the sizes of the doses were varied, 
it was observed that all four drugs produced comparable 
serum levels when administered every 12 hr. This is 
easily understood in terms of what may now be con- 
sidered classical approaches to dosage regimen develop- 
ment. Schumacher (75) reviewed the methodology 
employed in calculating a dosage regimen in an applied 
paper that illustrates the use of the techniques on tetra- 
cyclines and penicillins. Five approaches are outlined, 
one of which may be described as using a fixed dosage 
interval equal to the tl/, and varying the dosage size to 
achieve the desired plasma concentrations during the 
steady state. In the study under consideration (68), 
the doses of the analogs were varied and the dosage 
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Tabk VI-Comparison of Reported Plasma Levels for Tetracyclines 


Dose", P-0, Dosage Regimenb, PcJ, mcg./ml. 
mg. mcg./ml. mg./Ahr. Mill.on(' Max.aJ Max.*.# 


Tetracycline 500 3.29 500/12 3.5 1.9 4.0 1.9 


Methacycline 300 2.w m/12 2.2 1.2 2.3 0.7 
Doxycycline 150 1.49' 100/12 (Day 1) then 2.1 1.2 2.51 1.5 


Demethykhlortetracycline 300 1.74 3OO/1 2 2.8 1.5 2.7 1.2 
(Demeclocycline) 


50/1 2 


Taken from Reference 77. Administered durinq a Cday period. Taken from Reference 68. Steady-state levels. Taken from Reference 76. 
I Determined at peak. 0 Highest value obtained dumg first 12 hr. Determined 4 hr. after single dose. May not be true maximum. Pirst deter- 
mination at 2 hr. IS lughest. 


interval was held constant at 12 hr. It was fortuitous 
that this interval also approximated the values deter- 
mined for the steady-state half-lives. Thus, the regimen 
may be considered as one of a fixed interval equal to 
the t l / ,  with variable dose. Statistical analysis showed 
that levels of tetracycline were higher than doxycycline 
and methacycline but similar to demethylchlortetra- 
cycline after 4 days of therapy. The authors concluded 
that all four drugs produced comparable levels of anti- 
biotic activity when administered every 12 hr. in their 
recommended doses. 


A similar protocol was employed in a comparison 
of plasma concentrations which did not employ any 
pharmacokinetic analyses. The maximum observed 
plasma values in that study (76) are in excellent agree- 
ment with those previously reported (68). However, 
the maximum observed values obtained during the 
first 12 hr. appear to be lower than those reported for 
a single oral dose (771, except for the case of doxycycline 
which gave equal maximum plasma levels despite a 
decreased dose (Table VI). Minocycline was reported 
to yield higher plasma levels than the other tetracyclines 
(77), but the fact that the fraction of the dose recovered 
in the urine is smaller than the others attests to the neces- 
sity of examining the effect of nonabsorption factors 
when comparing plasma levels of different chemical 
entities. 


Considerable effort has been applied to examining 
the distribution of various tetracyclines into body 
tissues (78-83). The ratio of total tetracycline in muscle 
to free concentration in serum in dogs has been cor- 
related with chloroform-water partition coefficients 
(78, 79). Doxycycline had both the highest distribution 
and partition coefficient of the marketed tetracyclines. 
The order of values of the tetracyclines studied was 
demeth yldeoxychlortetracycline >> doxycycline >> tetra- 
cycline > demethylchlortetracycline = methacycline 
>> oxytetracycline. Concentrations of tetracycline, 
demethylchlortetracycline, and chlortetracycline were 
compared in no less than 47 organs, tissues, or fluids 
in dogs using radiolabeled compounds (80). Results 
indicate that all nonfat tissues are penetrated by the 
antibiotics within 4.5 hr. after intravenous injection, 
with tissue distribution of tetracycline being generally 
less than that of chlortetracycline and demethylchlor- 
tetracycline. Increased lipophilicity of doxycycline 
allegedly increased oral absorption (66). Computer 
analysis showed an absorption tr/, of 28 min., with 
80% of the administered dose absorbed within 1 hr. 


Doxycycline content in 12 organs sampled oper- 
atively in 81 patients was determined with concomitant 


serum levels, and the tissue to serum ratio was deter- 
mined for each organ (81). These ratios varied from 
approximately 2 for kidneys, lungs, and bladder to less 
than 0.7 for appendix and adipose tissue. When cor- 
rected for binding, these ratios became 13.4 for kidneys, 
12.2 for lungs, 6.3 for muscle, and 3.9 for lymph node. 
The concentration in all organs (usually 2-4 mcg./g. 
and always above 1 mcg./g.) was considered to be amply 
bacteriostatic. Other reports on distribution of tetra- 
cyclines in human organs were indicative of good tissue 
penetration in general, with ratios for tissue to plasma 
of 1 (oxytetracycline in gallbladder, methacycline in 
muscles and lungs) and 0.77 (demeclocycline in uterus) 
(81). Fat solubility was claimed to play a major role 
in influencing distribution of tetracyclines into tissues, 
and serum protein binding appeared to be less of a 
factor. Tetracyclines permeate both extracellular fluid 
and intracellular fluid. Calculated values for the ap- 
parent volume of distribution in man exceed the volume 
of total body water (84) and probably reflect protein 
binding. For example, the following values were re- 
ported (results in percent v/w as given in References 
24 and 83, respectively): chlortetracycline, 92, 148; 
demethylchlortetracycline, -, 179; oxytetracycline, 90, 
189; and tetracycline, 95, 159. 


Tetracyclines tend to accumulate during renal in- 
sufficiency. Chlortetracycline and doxycycline are 
notable exceptions; chlortetracycline is excreted primar- 
ily in the bile. However, doxycycline urinary clearance 
decreases during renal insufficiency without a concur- 
rent increase in hepatic excretion despite a relatively 
constant tl/, in normal and anuric patients. It was sug- 
gested that renal insufficiency is accompanied by a 
compensatory increase in inactivation of doxycycline 
microbial activity (81). More recent work negated this 
possibility (65). Studies into the extent of enzymatic 
degradation (or metabolism) of doxycycline in man 
and dog were conducted in response to the question 
of why doxycycline does not appear to accumulate 
during renal insufficiency. More than 90% of intact 
drug was recovered from urine and feces in both species. 
It was concluded that excretion of intact doxycycline 
in feces probably compensates for decreased renal ex- 
cretion in uremic patients. 


The tl/, appears to be inversely related to protein 
binding only for those drugs that are primarily cleared 
by glomerular filtration. In this case the concentration 
of drug in the filtrate would be expected to be equal 
to the concentration of free drug in the blood. How- 
ever, a drug that is excreted by tubular secretion does 
not appear to be influenced by protein binding, as illus- 
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trated previously when penicillins were discussed. 
Penicillins have very high clearance values reflecting 
tubular secretion; for that reason, their tl/, values are 
relatively insensitive to protein binding. Conversely, 
it has been stated that the renal clearance of tetracyclines 
decreases with increased protein binding (8 1). Urinary 
clearance is greatest for oxytetracycline (73 % free) 
and least for doxycycline (18 x free), with chlortetra- 
cycline and minocycline being considered as exceptions 
since they are mainly excreted in the bile. Data sug- 
gest that tetracyclines are primarily excreted by glo- 
merular filtration rather than tubular secretion, al- 
though the lack of precise serum protein binding meas- 
urements makes it difficult to calculate individual 
contributions. 


OPTIMIZING ORAL. ABSORPTION BY CHEMICAL 
MODIFICATION 


pH-Partition Effects-The pH-partition hypothesis 
for GI drug absorption was first proposed in 1957 (85, 
86). The basic principles are now discslssed in many 
texts and are not reviewed here. A few early reviews 
summarize the pertinent data (87-89). 


Basically this hypothesis predicts that absorption 
of drugs occurs in the unionized form and that increased 
lipophilicity increases absorption. Undoubtedly, many 
compounds behave according to this hypothesis, but 
many exceptions have been reported within the last 
decade. Levine (90) reviewed some of the exceptions. 
For example, phenobarbital and pentobarbital, acids 
of pKa 7.2 and 8.1, respectively, would be predicted 
to be absorbed more rapidly from the stomach than 
the intestines. Instead, 2-3 times as much is absorbed 
from the intestines during 10 min. than is absorbed 
from the stomach in 1 hr. 


Rate constants for absorption of both ionized and 
unionized species of sulfaethidole and barbital were 
calculated using the in situ rat stomach and rat small 
intestinal lumen (91). The ratio of the first-order rate 
constant for the neutral species to that of the ionized 
form was roughly 5 for sulfonamide and 3 for barbital. 
Consequently, at pH 6. I, 42 of the absorption occurs 
as the ionized form. 


Linear Relationships-Quantitative relationships that 
predict structural effects on GI absorption would be 
most valuable for a priori “tailoring” of physico- 
chemical properties by the medicinal chemist. While 
this is not yet a reality, considerable progress has been 
made in the form of linear relationships that are pre- 
dictive for a given series. 


Beckett and coworkers applied their buccal absorp- 
tion techniques to the evaluation of amines (92), am- 
phetamines (93), alkyl-substituted acids (94), series of 
amines and acids (99, substituted phenylacetic acids 
(96), and a series of carboxylic acids (97). Several linear 
relationships were reported. Studies designed to evalu- 
ate structural effects on partition coefficients and ab- 
sorption determined the buccal absorption of nine 
aliphatic acids of chain lengths from butyric to do- 
decanoic as a function of pH. Absorption was shown 
to be passive and increased by low pH and increasing 
chain length (94). Rate constants for buccal absorption 
of 10 carboxylic acids from solutions at pH 4 were de- 


termined in a single subject. Rate constants, expressed 
as clearance values, correlated (correlation coefficient 
= 0.89) with previously determined n-heptane-1 N 
HCl partition coefficient values (97). Substituted benzoic 
acids were subject to decreased absorption when pKa 
decreased. A linear relationship was found between log 
partition coefficient and the buccal absorption of a 
series of amines and acids under conditions of 1 and 
10% ionization. The plot of alkyl chain length and 
either log partition coefficient or buccal absorption was 
also linear for amphetamines and 10 fluramines at 1 x 
unionized conditions (95, 96). Stehle (98) had earlier 
calculated that the log transfer rate through a lipoidal 
barrier would be expected to increase linearly with log 
partition coefficient until a maximum constant value 
was approached. 


Ho and Higuchi (99) used the previously reported 
data (92-94) to test a diffusional model for buccal ab- 
sorption considering both the pKa and partition coeffi- 
cient. They determined a factor of 2.3 per methylene 
group upon the incremental partition constant for the 
buccal lipoidal membrane-aqueous environment. Later 
this same model was satisfactorily tested on data for 
buccal absorption of nonionized species, thus providing 
further evidence for the applicability of the diffusion 
model proposed earlier (99) and for the significance 
of the diffusion layer in buccal transport (100). 


Hansch and Dunn (101) recently reviewed the meth- 
ods of linear free energy calculations (generally bearing 
Hansch’s name) for correlating physicochemical prop- 
erties with biological response’. The partition coefficient 
of drug derivatives can be calculated by the Hansch 
treatment of ?r additivity values for the n-octanol-water 
distribution. Flynn (102) showed that I values for a 
given substituent on a steroid are position dependent 
but can be used successfully once the contributions 
are known for the position in question. The log of the 
water solubility of 156 liquid organic compounds was 
shown to be inversely related to the log partition coeffi- 
cient (103). Linear plots were obtained for log solubility 
Dersus values using various alkyl esters of testosterones 
(104), substituted phenothiazines (105), and p-hydroxy- 
benzoate esters (106). The slopes of the lines for these 
solids varied from approximately 2.4 to 3.1 per methyl- 
ene group. 


In an excellent study and discussion, Flynn and 
Yalkowsky (107) examined the effect of alkyl chain 
length for a series ofp-aminobenzoate esters on physico- 
chemical properties and their resultant ability to pene- 
trate inert barriers. Their model, which is based on 
solubility-limited diffusion through a membrane dif- 
fusion layer composite barrier, predicts a parabolic 
dependency as the homologous series is ascended, and 
both the controllable and uncontrollable factors in 
designing optimum chain length for absorption are 
discussed. A linear relationship of unit slope was found 
between log of intrinsic partition coefficient values and 
extraction constants of ion-pairs for protonated chlo- 
rides of p-alkylpyridines (108). Methylene increments 
were concluded to be similar for the free base and the 


1 The parabolic case has now been reviewed by C. Hansch and I. M.  
Clayton, J. Pharm. Sci., 62. l(1973). 
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ion-pair due to the distance of the alkyl substituent 
from the polar portion of the molecule. 


In studies involving more than 50 chemical com- 
pounds, Nogami er al. (109, 110) examined relation- 
ships between chemical structure and absorption rate. 
Their results indicate that the absorption rate constant 
can be predicted from an additivity rule and that the 
values for a given combination of interacting groups 
are constant and referred to as the “intramolecular 
interaction constant.” Recently, the absorption of 
pralidoxime methanesulfonate was compared to pra- 
lidoxime hydrochloride following oral administration 
to healthy young men (1 11). Plasma concentrations 
were considered equivalent on a molar basis. 


Morozowich (1 12) suggested that an increasing parti- 
tion coefficient can affect not only absorption character- 
istics but also distribution in lipids and ultimately 
the biological rII2. He cited as an example the 3-cyclo- 
pentyl ether of 17a-ethinyl estradiol which has been 
reported to exert an estrogenic effect which lasts for 
3 months after oral or intramuscular administration 
of 5 mg. (1 13). 


PRODRUGS: BIOREVERSIBLE DERIVATIVES 


Nucleosides-The first report describing a chemical 
modification of a nucleoside that dramatically in- 
creased oral absorption in humans appeared in 1961 
(1 14). Psicofuranine was not significantly absorbed 
from the GI tract in humans. Acetate esters of the sugar 
hydroxyls were prepared, and the tetraacetate was 
chosen for human trials based upon observed efficacy 
equivalent to the parent compound compared sub- 
cutaneously in mice. Although no detectable levels 
could be determined after oral administration of psico- 
furanine in humans, its tetraacetate was well absorbed. 
Assays with and without preliminary hydrolysis in- 
dicated that the tetraacetate was rapidly converted to 
free psicofuranine in the blood. The outstanding dif- 
ference in physicochemical properties between the drug 
and its prodrug appears to be the enhanced lipophilic- 
ity in the ester. The water-chloroform partition co- 
efficient was 992 for psicofuranine and 0.041 for the 
tetraacetate. This increased lipophilicity was deemed 
responsible for the increased absorption. 


It is quite common to associate the term bioavail- 
ability with absorbability from an oral dosage form. 
This is probably a natural result of the overwhelming 
research activity in that area. However, three additional 
rate processes in Scheme IV can be involved in limiting 
bioavailability . These are indicated by the constants 
kn, kZ1, and kl. This may be said of any drug since its 
degree of success is dependent upon its ability to reach 
the site of action and the resultant time course at that 
site. This point was illustrated by Skipper er al. (115) 
using animal tumor systems in v iva  In the case of ara- 
binosylcytosine, its bioavailability may be said to be 
limited by kz (in this case, metabolism) which, in turn, 
limits its effectiveness. After pharmacokinetic studies 
successfully defined this problem, therapy was improved 
by appropriate dosage regimens and derivatives. The 
details of this research are summarized here as an illus- 
trative example of the potential significance of pharma- 
cokinetics in drug design. 


N’ r €Lo HN 4 


I II 
Scheme V 


1-8-D-Arabinofuranosylcytosine (I, Scheme V), a cy- 
totoxic agent, exerts antitumor and antiviral activity in a 
variety of animal and human neoplasms. It is highly 
effective for the treatment of acute myelogenous leu- 
kemia in man (1 16, 117). The greatest response in a 
single disease was observed in acute granulocytic leu- 
kemia where 35 of 144 adequately treated patients (or 
24 %) achieved complete or partial remissions (I  17, 
118) and, more recently, 21 out of 49 patients (43% 
attained complete remission status through rapid drug 
injection followed by continuous drug infusion to main- 
tain steady-state therapy for 4 hr./day (1 19). 


This somewhat encouraging remission rate is rather 
astonishing when one considers the brief duration of 
bioavailability of this drug. When injected intravenously 
in human subjects, the resulting blood level data ex- 
hibit biphasic first-order plots (120) characteristic of a 
twocompartment open model. The initial loss from 
the blood following rapid intravenous injection is ex- 
tremely fast, has a rI/, of approximately 12 min. (120- 
122), and may be attributed to simultaneous distri- 
bution and elimination. At the end of the initial phase 
(or a-phase), over 80% of the drug remaining in blood 
and urine is in the form of a single inactive metabolite, 
l-/%D-arabinofuranosyluracil (11, Scheme V), indicating 
both rapid and extensive deamination during the dis- 
tribution phase (120). 


It is well known that cytosine nucleosides undergo 
hydrolytic deamination to their corresponding uracils 
and this may be catalyzed enzymatically (123, 124) or 
chemically (125-131). The elimination phase (or 8- 
phase) has a half-life of approximately 111 min. and 
results in nearly complete conversion of I to I1 (120) 
via catalysis by pyrimidine nucleoside deaminase (123). 
Recovery of the metabolite in the urine was 86-96% 
of the total 48-hr. recovery in one study (122) and 90% 
of the total 24-hr. recovery (representing 80% of the 
total dose) in another (120). Uptake of I by red blood 
cells is rapid and within 5 min. cells attained 60% of 
the concentration of the plasma (120). However, the 
half-life within the cell is only 2-3 min. Thus, I exhibits 
a relatively short duration of bioavailability and its loss 
is almost entirely due to deamination to 11, which is 
apparently inactive as an inhibitor of cell growth (132). 


It is reasonable to expect that an increase in the bio- 
logical duration of I might lead to increased remission 
rates. Evidence for this hypothesis already exists in the 
work of Baguley and Falkenhaug (133) who measured 
plasma t y ,  of I following 30-min. intravenous infusions 
in leukemic patients. Patients who experienced com- 
plete remissions had significantly longer tl/, values 
than those who did not respond to therapy, and this 
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variation was presumably due to variations in deaminase 
activity. These results suggest that degradation of I 
may cause failure of the drug to produce hematologic 
remission in certain patients (133). Further support for 
this proposal may be taken from the demonstration 
that the dosage regimen markedly affects its therapeutic 
index. For example, superior results were obtained 
using either constant intravenous infusion or injections 
every 8 hr. compared to single daily injections (134- 
136). The most effective present schedule appears to 
be 200 mg./m.*/day given by continuous intravenous 
infusion (1 16), which provides steady-state plasma 
levels of approximately 0.15 mcg./ml. (120). 


Another approach to increasing duration is that of 
slow release of I from a poorly soluble prodrug. A 
single dose of l-fl-~-arabinofuranosylcytosine-5’-ada- 
mantoate was nearly as effective as an optimum sched- 
ule of I given every 3 hr. by injection to L-1210 leu- 
kemic mice. The duration of cytotoxic plasma levels 
of I was greatly increased by administration of the pro- 
drug (137). Gray et ul. (138) showed that several 5’- 
acylates were equal to or better than the activity of the 
5’-adamantoate. These derivatives appear to be more 
stable to pyrimidine nucleoside deaminase and capable 
of yielding I upon hydrolysis in the blood. 


Since pharmacokinetic studies indicate rapid loss of 
I to inactive metabolite oiu enzymatic deamination, 
the design of new antimetabolites which are more stable 
and potentially more effective has evolved. Cyclo- 
cytidine, effective against L-1210 leukemia (139), was 
synthesized from cytidine (140, 141). It appeared less 
toxic and more effective than I administered once daily 
for 5 days in L-1210 leukemic mice (141). If hydrolyzed 
in D i m ,  it would yield I and act as a prodrug. It is re- 
portedly more resistant to deaminase. 


Additional studies have been carried out on non- 
bioreversible derivatives with the intent of establishing 
increased stability to deamination. For example, Panzica 
et al. (142) determined that 1-fl-D-arabinofuranosyl- 
cytosine-3-N-oxide is a potential inhibitor of lymphoid 
leukemia L-1210. Although it is designed to resist de- 
amination, no enzyme stability studies have been re- 
ported as yet. 


Studies on the effects of substituent groups on the 
chemical stability of cytosines to hydrolytic deamina- 
tion and the possibility that chemical reactivity might 
be related to the enzymecatalyzed transformations 
have been initiated (125, 126, 131). These investigations 
are designed to provide a systematic study of substitu- 
ent group effects on the chemical hydrolytic deamina- 
tion of cytosines and to apply these findings to enzy- 
matic studies with the ultimate goal of extending the 
biological duration of I or one of its analogs. The effect 
of the sugar on deamination was previously studied 
by comparing the deamination kinetics of three cyto- 
sines (126). A major difference in the case of I is that 
of intramolecular attack by the 2’-hydroxyl of the sugar 
on the C-6 position in the pyrimidine ring. However, 
support for a common deamination pathway is evi- 
denced by the nucleophilic addition of bisulfite HSOa- 
to C-6 of various cytosine nucleosides (129). Since addi- 
tion at the C-6 position is involved in the chemical 
catalysis of deamination, appropriate substitution at 


A 0 


m 
that position should hinder catalysis and thereby de- 
crease the deamination rate. To test this hypothesis, 
three derivatives ( l-~-~-arabinofuranosyl-6-methylcyto- 
sine, l-~-~-ribofuranosyl-6-methylcytosine, and 6- 
methylcytosine) were synthesized and the kinetics of 
their transformations in aqueous buffer were compared 
to the unsubstituted compounds (131). Results of the 
comparisons were only partly as predicted. While 6- 
methylcytosine was more stable to deamination than 
cytosine, the substituted nucleosides were found to 
undergo competing reactions which were not observed 
for the parent compounds that underwent deamination 
under identical conditions. The net result is an increased 
stability for 6-methylcytosine but an increased rate of 
loss for the 6-methylnucleosides. Relative stability to 
deaminase has not yet been reported, and biological 
testing has not been carried out. 


Antibiotic Prodrugs-There are many possible reasons 
for developing prodrugs, and several successful ex- 
amples of antibiotic prodrugs may be cited to illustrate 
some advantages. Carbenicillin was initially marketed 
only as an injectable due to its poor oral bioavailability 
resulting from poor absorption. This was presumably 
due to either its high polarity (it is a dicarboxylic acid) 
or acid instability or both. Recently, studies have in- 
dicated that the prodrug carbenicillin indanyl sodium 
(111) is orally absorbed and active (143-147) and it is 
being marketed as such. 


Hetacillin is a prodrug of ampicillin, which may be 
considered as a condensation product of acetone and 
ampicillin. Once absorbed, hetacillin is rapidly con- 
verted to ampicillin (148). Both are marketed in oral 
dosage forms as well as in dry powder form for recon- 
stitution before parenteral use. Solutions of hetacillin 
have been shown to be more stable (149). Six hours 
was required for 10% loss of activity at room temper- 
ature, whereas ampicillin itself showed 10% loss in 1 
hr. under similar conditions. There is an advantage of 
extended shelflife to the user of reconstituted parenteral 
hetacillin. The oral absorption of hetacillin may be 
somewhat greater than that of ampicillin based on 
urinary recovery data (150, 151), although one study 
reported decreased urinary recovery with the prodrug 
(1 52). There have been a number of comparisons based 
on the plasma concentration time-profiles, but the 
meaning of these results is equivocal since assays often 
failed to differentiate between drug and prodrug. This 
problem will be discussed later in the section dealing 
with potential pitfalls in data interpretation. 


One reason for prodrug formation is to increase 
stability in the GI tract and thereby increase bioavail- 
ability. Erythromycin is rapidly destroyed at pH values 
less than 4, and numerous esters have been synthesized 
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with the goal of increasing stability and, in turn, oral 
absorption. Lee et al. (153) examined the absorption 
of a series of erythromycin esters following oral ad- 
ministration in rats. Based on areas under the plasma 
curves, the acetate and propionate appeared to be better 
absorbed than the parent drug while the butyrate was 
absorbed markedly less. However, these curves may 
not be indicative of absorption differences alone since 
intact prodrug was present in significant amounts. 
Scheme VI illustrates the several rate processes that 
potentially affect the time course of drug and prodrug 
in plasma. If blood level curves represent total erythro- 
mycin (by hydrolysis of ester to erythromycin before 
assay), one cannot attribute differences to absorption 
without further data. 


Erythromycin base has a pKa of approximately 8.9. 
It would be expected to be ionized throughout the entire 
GI tract, and intestinal absorption would be expected to 
be better than absorption from the stomach. In rats, 
erythromycin was most rapidly absorbed in the upper 
small intestines (153). Two prodrugs, designed to by- 
pass the stomach, are in common use. Erythromycin 
stearate resists dissolution in the stomach but dissociates 
rapidly in the intestines to yield free erythromycin. 
Erythromycin estolate, by contrast, is probably absorbed 
largely as intact ester. Once in the blood the ester hydro- 
lyzes to yield free erythromycin. The tl/, for hydrolysis 
in human serum was reported to be 93 min. (154). 


The advantages of high serum levels of the propionyl 
ester prodrug have been a matter of controversy. In 
a four-way crossover study (fasting and nonfasting), 
blood levels obtained after single and multiple doses 
of erythromycin estolate and erythromycin stearate 
were compared (1 55). The estolate achieved higher 
blood levels at a faster rate both with and without food. 
However, the assay used was probably capable of hy- 
drolyzing estolate esters, since the ZI/,  for in vitro hydrol- 
ysis has been reported to vary from 0.5 hr. at pH 8 to 
5.0 hr. at pH 5 (156). Stephens et al. (157) reported 
20-35z free base and 65-80z ester after the fifth dose 
of ester in humans, so that the average free base was 
higher than that obtained by administration of the salt. 


Esters of lincomycin and clindamycin have been 
prepared in an effort to mask undesirable taste and 
maintain (or improve) oral absorption. Four linco- 
mycin monoesters were compared for activity by sub- 
cutaneous and oral routes in mice (158). Earlier, 15 
esters were compared in a similar manner (159). Sinkula 
et al. (160) reported comparative activity in mice for 
16 clindamycin esters and their areas under plasma 


level-time profiles following oral and intramuscular 
injections in dogs. The 2-hexanoateY 2-laurateY and 
2-palmitate appear to be absorbed as well or better 
than clindamycin itself when all are administered as 
hydrochloride salts at doses of 25 mg./kg. equivalent 
to clindamycin base. In contrast to the erythromycin 
estolate case already discussed, these esters apparently 
hydrolyze prior t o  absorption or immediately there- 
after so that intact ester does not present a problem in 
comparing plasma level-time profiles. At least one 
product has been marketed from these efforts in the 
form of clindamycin palmitate hydrochloride flavored 
granules for oral suspension. 


A pharmacokinetic study involving clindamycin 
and its palmitate in 52 children showed that mean serum 
levels of clindamycin were lower when administered 
as the palmitate in a single dose (161). It was concluded 
that rapid predictable absorption occurred using the 
palmitate, and neither drug accumulation nor increase 
in metabolism due to induction occurred. The 8-16-mg./ 
kg./day doses were deemed adequate for the age group. 


Related Publications-The publications on prodrugs 
and drug derivatives are too numerous to discuss com- 
pletely in this review. Examples have been chosen 
(admittedly arbitrarily) to support the author’s various 
theses. Several reviews consider, at least in part, the 
effects of molecular modification on pharmacokinetic 
properties (162-169). In this article, an attempt has 
been made to avoid repetition of discussions found in 
the previously published reviews. 


In an excellent review of prodrugs and their prop- 
erties, Sinkula (170) outlined some pharmaceutical 
reasons for drug modification. He listed the properties 
which may be altered through derivative formation 
as follows: (a) mask the taste and/or odor of bitter 
or obnoxious drugs, (b) increase or decrease aqueous 
solubility, (c) improve formulatability of drugs difficult 
to formulate, (d) increase stability, (e) decrease gastric 
and intestinal irritation, cr> decrease pain on injection, 
(g) improve depot action, (h) improve drug absorption, 
and ( i )  facilitate transport of drug to site of action. 


Except for those cases where derivatives revert back 
to the parent drug before or immediately after absorp- 
tion, the modification must be considered as potentially 
capable of affecting the absorption, distribution, and 
elimination kinetics in addition to the primary mission. 
Sinkula (170) surveyed a number of marketed drug 
derivatives and their stated reasons for the modifica- 
tion. Some of these are listed in Table VII. 


PITFAUS IN DATA INTERPRETATION 


Meaning of Parameters-Although it is imperative 
that the field of drug design and evaluation involves 
consideration of pharmacokinetic effects, it is equally 
imperative that the meaning and limitation of each 
parameter under comparison be understood. Earlier 
the values for Vd were compared at steady-state con- 
centrations for three isoxazolyl penicillins. The steady 
state was chosen to avoid the effect of k2 upon the values 
for Vd. 


The calculation of Vd for a two-compartment model 
has been the subject of considerable confusion in the 
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Taw I-Delivery Volume as a Function of Ressure 
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Total Volume 
Rate, ---Delivered, ml.- 


ml./ .s.i. 1400 2100 2809 
Liquid ( 1 8 8 )  p.s.i. p s i .  ps.1. 


Calcium carbonate, 5 %  6 . 7  10 14.7 19 
syrup USP 7 .1  10 15 20 
water 6 . 8  12 16.8 21.5 
Alcohol USP 7 .1  13 18 23 


EXPERIMENTAL 


Materials and Equipment-The Liquids used in this study were: 
distilled water; syrup USP; shellac, 2.7 kg. (6 Ib.) cut; 5 ,  15, and 
35% (w/v) aqueous suspensions of calcium carbonate; and a 2% 
(w/v) solution of methyldlulose1,5OOcps. 


The equipment utilized to  evaluate the factors involved in an 
automated tablet-coating system was a self-programming auto- 
mated tablet-coating system with two automatic spray guns’ as 
previously described (4). 


Fluid Delivery Studies-Fluid delivery experiments were con- 
ducted to  ascertain the influence of pressure, spray tip orifice size, 
and type of Liquid on the volume of spray delivered. 
The volume of fluid delivery in milliliters was determined from 


I400  to  2800 p.s.i. nozzle pressure in 140 p.s.i. pressure increments. 
The tip o r i k e  sizes varied from 0.023 cm. (0.009 in.) to 0.053 cm. 
(0.021 in.) in diameter. All experiments were conducted in an air 
conditioned room at approximately 25” and 3040% relative hu- 
midity. 


Threesecond fluid spray delivery cycles were used, and five 
replicate samples of each liquid under study were collected, a t  each 
pressure and nozzle tip size, in a 1Wml. graduated cylinder; the 
resulting volumes were recorded. 


Spray Pattern Charncterlstlg-Spray patterns were determined 
for the liquids studied, each containing 1 (w/v) F D & C  Red No. 2 
dye for contrast. The spray from the activated gun of the automated 
tabletcoating system WBS directed at  a specially designed target 
which consisted of a 61-cm. square pane of glass with five concen- 
tric circles painted 10 cm. apart. The tip of the spray gun was posi- 
tioned 30 cm. from the glass surface and at the center point of the 
target. The spray cycle was set for a 0.25-sec. solution delivery. 
The patterns were subsequently observed a t  IW, IW, and 2800- 
p.s.1. nozzle pressure (the lower, middle, and upper pressure range, 
respectively) for all tip sizes ranging from 0.023 cm. (0.009 in.) to  
0.053 cm. (0.021 in.) in oriftce diameter. After each spray, the pattern 
dimensions were taken and pattern uniformity was noted. 
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Figure 4-Fluid delioery curoes, 3-sec. cycle. 


RESULTS AND DISCUSSION 


Fluid Delivery-The pressure-volume curves in Fig. I ,  con- 
structed from fluid delivery data obtained with a 0.023-cm. (0.009- 
in.) spray tip and a 3-sec. delivery, show that the change in fluid 
volume delivered as a function of pressure was constant. The curves 
are representative of some of the liquids studied, and each shows 
excellent linearity. The rate of change of delivery (Table I) for the 
liquids represented in Fig. 1 was essentially the same. 


A 3-4-ml. diKerence in total volume delivered at  each pressure 
increment was found between the Four liquids studied. These small 
volume differences d o  not appear to  be significant, but the data show 
a trend toward a decrease in volume delivered with a n  increase in 
fluid viscosity and solids content when comparing syrup and calcium 
carbonate with water and alcohol. A significant difference would be 
expected at  a much lower or a t  atmospheric pressure. The data, 
therefore, indicate that fluid volume delivery is essentially inde- 
pendent of the physical properties of the fluid at very high pressures. 


Fluid delivery curves for the t h r e  calcium carbonate suspensions, 
which varied from a “watery” to an “ointment-like” consistency 
(Fig. 2)*, are in essence identical and confirm that the elevated 
pressures used in the study obliterated the effects of the physical 
properties of the fluids delivered. 


In Fig. 3, the volume of water delivered in 3 sec. wrsus tip orifice 
diameter shows a good linear relationship within the range of 
0.030 cm. (0.012 in.)-O.053 cm. (0.021 in.). This finding is unusual 
because one would expect an orificevolume relationship based on 


FIgure S - S ~ M Y  potterns with wuter. Left: 0.023-cm. (0.009-in.) 
tip size and 30 X 9-cm. pattern size. Right: 0.053-cm. (0.021-in.) tip 
size and 40 X 30-cm. pattern size. 


Data points for Fig. 2 were omitted for the purpose of clarity. 
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of distribution in patients with renal failure as compared 
to normal patients (53, 176). Also, administration of 
probenecid, an inhibitor of renal tubular secretion of 
organic acids, reduces the apparent volume of distri- 
bution of penicillin derivatives (43, 176). This observa- 
tion is not surprising in view of certain facts. Since the 
Vd does not necessarily represent a real volume, ob- 
served changes may not reflect any change in the tissues 
through which the drugs are distributed. The values 
obtained may depend upon the size of kz for a two- 
(or more) compartment drug. Thus, comparisons of 
Vd for derivatives should be carried out at steady-state 
plasma levels or be interpreted in terms of the effects 
of k2 on the distribution value. 


In addition, equilibrium between nonequivalent 
compartments involves primarily the unionized drug 
or unbound species which can pass through the bio- 
logical membrane. This has important consequences 
in the calculation of Vd since many drugs, such as eryth- 
romycin, sulfonylureas, salicylates, and coumarin 
anticoagulants are bound to plasma protein. The ap- 
parent volume of distribution should be calculated 
on the basis of freely diffusing drug, so a correction 
must be made for the fraction bound. If this correction 
is not made, two types of error can occur. When the 
assay method determines only free drug, the bound 
drug is counted with drug distributed to the tissues 
and the Vd calculated is too large. On the other hand, 
if the assay is for total drug, the value of Vdis too small. 
If corrections are not made for protein binding, Vd 
values calculated at different doses for a drug whose 
extent of binding varies with dose also vary (177). 


Absorption Rate Constants-The determination of 
absorption rate constants from blood level data is a 
common problem when biopharmaceutics and phar- 
macokinetics are applied to design and evaluation of 
drugs and their derivatives. Wagner and Nelson (178) 
developed a method for calculating the absorption 
rate constant for transfer from an extravascular depot 
into the body for a drug whose distribution can be 
described by a onecompartment model. Similarly, 
Loo and Riegelman (179) reported a method for cal- 
culating the absorption rate constant, kl, for the case 
where the drug is distributed according to a two-com- 
partment model. When simultaneous loss of drug 
occurs from the site of administration, the competing 
rate increases the calculated apparent value for the 
absorption constant (180). For the case where the com- 
peting loss of drug is by a first-order process, the ap- 
parent rate constant calculated by either method yields 
the sum of the competing first-order rate constants 
(1 80). 


The significance of this potential problem is readily 
apparent. False impressions of rapid absorption could 
result from rapidly hydrolyzable analogs. The com- 
pound with the fastest apparent absorption rate con- 
stant in a series may be the most susceptible to bio- 
transformation. The total amount of drug absorbed 
from the depot should be determined for an accurate 
interpretation of the calculated rate constants for ab- 
sorption. If a drug is well absorbed from the depot, 
the calculated absorption rate constant may be con- 
sidered to be a good estimate. If, however, the drug 


is poorly absorbed, the reason for the incomplete ab- 
sorption must be determined before one can assign a 
physical meaning to the calculated value of the ap- 
parent absorption rate constant. 


This problem is not unique to oral dosage forms. 
Doluisio et al. (181) showed that intramuscular in- 
jections of sodium dicloxacillin and sodium ampicillin 
solutions were only 75-78 Z absorbed. They suggested 
that the drug may have undergone chemical or en- 
zymatic decomposition at the injection site. If 22-25x 
of the drug placed into the muscle is indeed lost to some 
simultaneous first-order rate process, the apparent 
absorption rate constants would be approximately 
one-third larger than the actual value. 


Bioavailability of Prodrugs : Hetacillin-Scheme VI 
illustrates one potential problem in prodrug evaluation. 
If conversion of prodrug to drug is not instantaneous, 
then the distribution, elimination, and conversion 
kinetics for the prodrug must be determined to describe 
the system adequately. 


A second potential problem may be illustrated by 
considering hetacillin, a prodrug of ampicillin. Early 
studies indicated increased ampicillin plasma levels 
from intravenous administration of hetacillin (182). 
However, this result was later shown to be due to an 
artifact of the assay method (183). Because of the long 
incubation period for the microbiological assay, 
hetacillin was also converted to ampicillin and thus 
measured as drug. Thus, plasma levels after hetacillin 
injection appeared to exceed those obtained by rapid 
intravenous injection of the drug itself. Application 
of a differential assay technique showed the areas under 
the ampicillin curves to be identical from either source 
(148, 183). This represents a good didactic example 
since an understanding of pharmacokinetic parameters 
would dictate a priori that no increase in bioavailability 
would be expected beyond that observed by an in- 
travenous injection of the drug itself. 


REFERENCES 


(1)  E. M. P. Widmark and J. Tanberg. Biochem. Z.,  147, 
3ss(iSia). 


- 


(2) E. M. P. Widmark, Acta Med. Scand., 52,87(1920). 
13) T. Teorell. Arch. Inf. Pharmucodvn. Ther.. 57,205(1937). 
(4j Ibid., 57, 226(1937). 
(5) E. K. Marshall, K. Emerson, and W. C. Cutting, J .  


(6) Ibid., 61, 196(1937). 
(7) J. D. Stewart, G. M. Rourke, and J. G. Allen, J.  Amer. 


Med. Ass., 110, 1885(1938). 
(8 )  E. Nelson, J. Pharm. Sci., 50, 181(1%1). 
(9) J. G. Wagner, ibid., 50, 359(1961). 


Pharmucol. Exp. Ther., 61, 191(1937). 


(10) A. Rescigno and G. Segrt!, “Drug and Tracer Kinetics,” 
Blaisdell, Waltham, Mass., 1966. 


(11)  “Importance of Fundamental Principles in Drug Evalu- 
ation,” D. H. Tedeschi and R. E. Tedeschi, Eds., Raven, New York, 
N. Y., 1968. 


(12) “Fundamentals of Drug Metabolism and Drug Disposi- 
tion,” B. N. LaDu, H. G. Mandel, and E. L. Way, Eds., Williams & 
Wilkins, Baltimore, Md., 1971. 


(1 3) “Guidelines for Biopharmaceutical Studies in Man,” 
APHA Academy of Pharmaceutical Sciences, Washington, D. C., 
1972. 


(14) R. E. Notari, “Biopharmaceutics and Pharmacokinetics,” 
Marcel Dekker, New York, N. Y., 1971. 


( I  5) J.  G. Wagner, “Biopharmaceutics and Relevant Pharmaco- 
kinetics,” Drug Intelligence Publications, Hamilton, Ill., 1971. 


Vol. 62, No. 6, June 1973 0 879 







(16) M. Gibaldi, “Introduction to Biopharmaceutics,” Lea & 
Febiger, Philadelphia, Pa., 1972. 


(17) “Current Concepts in the Pharmaceutical Sciences: Bio- 
pharmaceutics,” J. Swarbrick, Ed., Lea & Febiger, Philadelphia, 
Pa., 1970. 


(18) J. G. Wagner, “Pharmacokinetics,” J. M. Richards, Grosse 
Point Park, Mich., 1969. 


(19) G .  Levy and M. Gibaldi, in “Concepts in Biological 
Pharmacology,” part 111, Springer-Verlag, New York, N. Y., in 
press. 


(20) “The Pharmacological Basis of Therapeutics,” L. S. 
Goodman and A. Gilman, Eds., Macmillan, New York, N. Y., 
1965, p. 1040. 


(21) J. C. K. Loo and S. Riegelman, J. Pharm. Sci., 57, 918 
(1968). 


(22) M. Mayersohn and M. Gibaldi, Amer. J. Pharm. Ed., 35, 
19(1971). 


(23) S .  Riegelman. J. C. K. Loo. and M. Rowland, J. Pharm. 
Sci., 57, 117(1%8). 


(24) K. H. Spitzy and G. Hitzenberger, Antibiot. Atmu., 1957- 
1958,996. 


(25) R. Pratt, 1. Pharm. Sci., 51,1(1%2). 
(26) C. M. Kunin, Mod. Treat., 1,829(1964). 
(27) G. H. Warren, Chemotherapia, 10, 339(1966). 
(28) J. P. Hou and J. W. Poole, J. Pharm. Sci., 60,503(1971). 
(29) J. Fabre, E. Milek, P. Kalfopoulos, and G. Merier, 


Schweiz. Med. Wochettschr., 101, 625(1971). 
(30) M. A. Schwartz and F. H. Buckwalter, J. Phurm. Sci., 51, 


1119(1%2). 
(31) F. P. Doyle and J. H. C. Nayler, in “Advances in Drug 


Research;’ vol. I, N. J. Harper and A. B. Simmonds, Eds., Aca- 
demic, New York, N. Y., 1964, p. 1. 


(32) G. T. Stewart, “The Penicillin Group of Drugs,” Elsevier, 
New York, N. Y., 1965. 


(33) E. H. Flynn and C. W. Godzeski in “Antibiotics: Mech- 
anism of Action,” vol. I, D. Gottlieb and P. D. Shaw, Eds., Springer- 
Verlag. New York. N. Y., 1967, p. 1. Addendum: “Penicillin- 
Cephalosporin,” p. 748. 


(34) E. P. Abraham, in “Topics in Pharmaceutical Sciences,” 
vol. I, D. Perlman, Ed., Interscience, New York, N. Y., 1968, p. 1. 


(35) K. E. Rice, in “Advances in Applied Microbiology,” vol. 
11, D. Perlman, Ed., Academic, New York, N. Y., 1969, p. 17. 


(36) J. R. E. Hoover and R. 1. Stedman, in “Medicinal Chem- 
istry,” part I, A. Berger, Ed., Wiley, New York, N. Y., 1970, p. 371. 


(37) D. Perlman, in ibid., p. 305. 
(38) R. M. Sweet and L. F. Dahl, J. Amer. Chem. Soc., 92, 


(39) M. S. Manhas and A. K. Bose, “Beta-Lactams. Natural 


(40) M. Gibaldi, M. A. Schwartz. and M. E. Plaut, Antimicrob. 


(41) L. W. Dittert, W. 0. Griffen, Jr., J. C. LaPiana, F. J. 


(42) H. C. Standiford, M. C. Jordan, and W. M. M. Kirby, 


(43) M. Gibaldi and M. A. Schwartz, Cliti. Pharmacol. Ther., 9, 


(44) J. E. Rosenblatt, A. C. Kind, J. L. Brodie, and W. M. M. 


(45) A. C. Kind, T. E. Tupasi, H. C. Standiford, and W. M. M. 


(46) G. Levy, 1. Pharm. Sci., 56,928(1967). 
(47) G. Hitznberger and K. H. Spitzy, Arztteitn.-Forsch., 14, 


(48) C. M. Kunin, Proc. Soc. Exp. Biol. Med., 107,337(1961). 
(49) S. B. Tuano, L. D. Johnson, J. L. Brodie, and W. M. M. 


(50) Z. Modr and K. Dvoracek, in “Advances in Biosciences 5,” 


(51) N. G. Heatley, Anribiot. Med., 2, 33(1956). 


5489(1970). 


and Synthetic,” Wiley, New York, N. Y., 1971. 


Ag. Chemother., 1968, 378. 


Shainfeld, and J. T. Doluisio, ibid., 1969.42. 


J. Infect. Dis., 122 (Suppl.), 9(1970). 


345U 968). 


Kirby, Arch. Intern. Med., 121, 345(1968). 


Kirby, ibid., 125,685(1970). 


19(1964). 


Kirby, N. Ettgl. J .  Med., 275,635(1966). 


G. Raspe, Ed., Pergamon, New York, N. Y., 1970, p. 219. 


(52) S. Riegelman, J. C. K. Loo, and M. Rowland, J .  Pharm. 
Sci., 57, lB(1968). 


(53)- M. Gibaidi and D. Perrier, ibid., 61, 952(1972). 
(54) W. J. Jusko and M. Gibaldi, ibid., 61, 1270(1972). 
( 5 5 )  C. F. Gravenkemper, J. V. Bennett, J. L. Brodie, and W. 


(56) J. H. C. Nayler, Proc. Roy. Soc. (London), 179, 357(1971). 
M. M. Kirby, Arch. Intern. Med., 116, 340(1965). 


(57) M. C. M e w  and D. E. Guttman, J. Phann. Sci., 57, 


(58) C. M. Kunin. Clin. Pharmacd. Ther., 7, lWl%a). 
(59) J. T. Doluisio, J. C. LaPiana, G. R. Wilkinson, and L. W. 


(60) R. C. Batterman, L. F. Tauber, and M. E. Bell, Curr. Ther. 


(61) B. B. Brodie. Proc. Roy. SOC. Med., 58,946(1%5). 
(62) F. E. DiGangi and C. H. Rogers, J. Amer. Pharm. Ass., 


(63) J. Scheiner and W. A. Altemeir, Surgery, 114,9(1962). 
(64) J. E. Rosenblatt, J. E. Barrett, J. L. Brodie, and W. M. M. 


Kirby, Antimicrob. Ag. Chemother., 1966, 134. 
(65) M. Schach von Wittenau and T. M. Twomey, Chemo- 


therapy, 16, 217(1971). 
(66) J. R. Migliardi and M. Schach von Wittenau, International 


Congress of Chemotherapy, Vienna, Austria, June 26-July 1, 
1%7, p. 165. 


(67) J. Fabre, J. S. Pitton, C. Virieux, F. L. Laurencet, J. P. 
Bernhardt, and J. C. Godel, Schweiz. Med. Wochenschr., 97, 915 
(1967) (translation by Carl Demrick Associates, Inc.). 


(68) J. T. Doluisio and L. W. Dittert, Clin. Pharmacol. Ther., 
10, 690(1%9). 


(69) J. G. Wagner, Ann. Reo. Pharmacol., 8,67(1968). 
(70) W. A. Ritschel, Drug. Intel., 4, 332(1970). 
(71) R. Nagashima, G. Levy, and R. A. OReilly, J. Pharm. Sci., 


(72) M. Gibaldi, ibid., 58, 1133(1%9). 
(73) M. Gibaldi and H. Weintraub, ibid., 60, 624(1971). 
(74) J. M. vanlossum, in “Drug Design,” vol. I, E. J. Ariens, 


(75) G. E. Schumacher, Amer. J. Hosp. Pharm.,29,474(1972). 
(76) D. N. Holvey, R. L. Iles, and J. C. LaPiana, Curr. Ther. 


(77) N. H. Steigbigel, C. W. Reed, and M. Finland, Amer. J.  


(78) M. Schach von Wittenau and R. Yeary, J. Pharmacd. 


(79) M. Schach von Wittenau and C. S. Delahunt, ibid., 152, 


(80) R. G. Kelley and L. A. Kanegis, Toxicol. Appl. Pharmacol., 


(81) J. Fabre, E. Milek, P. Kalfopoulos, and G. Merier, 


(82) J. Fabre, J. S .  Pitton, and J. P. Kunz, Chemotherapiu, 11, 


(83) C. M. Kunin, A. C. Dornbush. and M. Finland, J. Clin. 


(84) J. G. Wagner, Drug. Intel., 2, 158(1968). 
(85)  P. A. Shore, B. B. Brodie, and C. A. M. Hogben, J. 


(86) B. B. Brodie and C. A. M. Hogben, J. Pharm. Pharmacol., 


(87) L. S. Schanker, Ann. Reo. Pharmacol., 1, 29(1961). 
(88) L. S. Schanker, Pharmacol. Reo., 14, 501( 1962). 
(89) R. R. Levine and E. W. Pelikan, Ann. Reo. Pharmuccd., 4, 


(90) R. R. Levine, Digest. Dis.. 15, 171(1970). 
(91) W. G. Crouthamel, G. H. Tan, L. W. Dittert, and J. T. 


(92) A. H. Beckett and E. J. Triggs, J. Pharm. Pharmacol., 19, 


(93) A. H. Beckett, R. N. Boyes, and E. J. Triggs, ibid., 20, 


(94) A. H. Beckett and A. C. Moffat, ibid., u),239S(1968). 
(95) /bid., 21,144q1969). 
(96) /bid.,21,139S(1969). 
(97) Ibid., 22,15(1970). 
(98) R. G. Stehle, J. Pharm. Sci., 56, 1367(1967). 
(99) N. F. H. Ho and W. I. Higuchi, ibid., 60, 537(1971). 


89Y1968). 


Dittert, Antimicrob. Ag. Chemother., 1W.49. 


Res., 8,75(1966). 


Sci. Ed., 38,646(1949). 


57, lSSs(l968). 


Ed., Academic, New York, N. Y., 1972, p. 509. 


Res., 12, 536(1970). 


Med. Sci., 255, 29q1968). 


Exp. Ther., 140,258(1%3). 


164(1966). 


11, 114(1%7). 


Schweiz. Med. Wochenschr., 101,625(1971). 


73(1966). 


Inoesr., 38, 1950(1959). 


Pharmacol. Exp. Ther., 119,361(1957). 


9, 34x1957). 


6% 1964). 


Doluisio,J. Pharm. Sci., 60, 1160(1971). 


3 1% 1967). 


92( 1968). 


(100) K. R. M. Vora, W. I. Higuchi, and N. F. H. Ho. ibid., 61, 


(101) C. Hansch and W. J. Dunn, I l l ,  ibid., 61, l(1972). 
(102) G. L. Flynn, ibid., 60, 34x1973). 
(103) C. Hansch,J. Org. Chem., 33,347(1968). 
(104) K. C. James and M. Roberts, J. Pharm. Pharmacol., 20, 


178x1972). 


709( 1968). 


880 0 Journal of Phurmceutical Sciences 







(105) A.L. Green,Ibid.,l9,10(1%7). 
(106) F. Shihab, W. Shefild, J. Sprowls, and J. NematoIlahi, 


(107) G. H. Flynn and S.  H. Yalkowsky, ibid., 61, 838(1972). 
(108) K. C. Yeh and W. I. Higuchi. ibid., 61, 1648(1972). 
(109) H. Nogami, M. Hanano, and H. Yamada. Chem. Pharm. 


(110) Ibid., 16, 586(1968). 
(1 11) F. R. Sidell, W. A. (3rd.  and A. Kaminski, J. Pharm. Sci., 


61,1136(1972). 
(1 12) W. Morozowich. “The Design of Orally Absorbed Drugs,” 


13th Annual National Industrial Pharmaceutical Research Con- 
ference, June 24, 1971. 
(113) F. Brambilla and G. Bruni, Curr. Ther. Res., 12,493(1970). 
(114) H. Hoeksema, G. B. Whitfield, and L. E. Rhuland, Bio- 


chem. Biophys. Res. Commun., 6,213(1%1). 
(115) H. W. Skipper, F. M. Schabel, and W. S .  Wilcox, Cancer 


Chemother. Rep., 50,431(1970). 
(116) G. P. Bodey, E. J. Freireich, R. W. Monto, and J. S .  


Hewlett, ibid., 53, 59(1969). 
(117) R. R. Ellison. J. F. Holland, M. Weil, C. Jaquillat, M. 


Boiron, J. Bernard, A. Sawitsky, F. Rosner, B. Gussaff, R. T. 
Silver, A. Karanas, J. Cuttuer, C. L. Spurr, D. M. Hayes, J. Blom, 
L. A. Leone, F. Hanrani, R. Kyle, J. L. Hutchison, R. J. Forcier, 
and J. H. Moon, Blood, 32,507(1968). 
(118) J. S. Hewlett, J. Battle, R. Biship, W. Fowler, S. Schwartz, 


P. Hagen, and J. Lewis, Cancer Chemother. Rep., 42,25(1964). 
(119) B. Goodell, B. Levinthal, and E. Hendersen, Clin. Phar- 


macol. Ther., 12,599(1971). 
(120) D. H. W. Ho and E. Frei, ibid., 12,944(1971). 
(121) R. L. Dedrich, D. D. Forrester, and D. H. W. Ho, Bio- 


(122) W. A. Creasy, ibid., 15,367(1966). 
(123) G. W. Camiener, ibid., 17, 1981(1%8). 
(124) R. M. Cohen and R. Wolfenden, J. Biol. Chem., 246,7561, 


(125) R. E. Notari, M. L. Chin, and A. Cardoni, J. Pharm. 


(126) R. E. Notari, M. L. Chin, and R. Wittebort, ibid., 61, 


(127) R. Shapiro and R. S .  Klein, Biochem. J., 5,2358(1966). 
(128) W. 1. Wechter, Coll. Czech. Chem. Commun.. 35, 


(129) R. Shapiro, R. E. Servis, and M. Welcher, J. Amer. Chem. 


(130) E. R. Garrett and J. Tsau, J. Pharm. Sci., 61,1052(1972). 
(131) R. E. Notari, D. T. Witiak. J. L. DeYoung, and A. J. Lin, 


J. Med. Chem., 15, 1207(1972). 
(132) M. Y. Chu and G. A. Fischer, Biochem. Pharmacol., 11, 


423(1%2). 
(133) B. C. Baguley and E. M. Falkenhaug, Cancer Chemother. 


Rep., 55, 291(1971). 
(134) E. Frei, J. N. Bukers, and J. S .  Hewlett, Cancer Res., 29, 


132x1969). 
(135) E. J. Freireich, G. P. Bodey, and J. S .  Hart, Recent Results 


Cancer Res., 36, 119(1971). 
(136) J. J. Wang, 0. S. Selawry, T. J. Vietti, and G. P. Bodey, 


Cancer, 25, l(1970). 
(137) G. L. Neil, H. H. Buskirk, T. E. Moxley, R. C. Manak, 


S. L. Kuentzel, and B. K. Bhuyan, Biochem. Pharmacol., 20, 
3295( 197 1). 
(138) G. D. Gray, F. R. Nichol, M. M. Michelson, G. W. 


Camiener, D. T. Gish, R. C. Kelly, W. J. Wechter, T. E. Moxley, 
and G. L. Neil, ibid., 21,465(1972). 
(139) A. Hoshi, F. Kanzawa, K. Kuretani, M. Saneyoshi, and 


Y. Arai, Gann, 62, 34x1971). 
(140) T. Kanai, T. Kosima, 0. Maruyama, and M. Ichino, 


Chem. Pharm. Bull., 18,2569( 1970). 
(141) K. Kikugawa and M. Ichino, Tetrahedron Lett., 11, 


867( 1970). 
(142) R. P. Panzica, R. K. Robins, and L. B. Townsend, J. Med. 


Chem., 14,259(1971). 
(143) K. Butler, A. R. English, A. K. Knirsch, and J. J. Korst, 


Del. Med. J., 43, 366(1971). 
(144) W. A. Taylor and W. J. Holloway, ibid., 43, 387(1971). 
(145) J. L. Bran, D. M. Karl, and D. Kaye, Clin. Pharmacol. 


J. Pharm. Sci., 59, 1574(1970). 


Bull., 16, 580(1968). 


chem. Pharmacol., 21, l(1972). 


7566(1971). 


Sci., 59, 28(1970). 


1189(1972). 


1991( 1970). 


Soc., 92,422(1970). 


Ther., 12,5231971). 


Clark, and M. Turck, Antimicrob. Ag. Chemother., 1970, 223. 


ibid., 1972, 185. 


(146) J. F. Wallace, E. Atalas, D. M. Bear, N. K. Brown, H. 


(147) A. R. English, J. A. Retsema, V. A. Ray, and J. E. Lynch, 


(148) W. J. Jusko and G. P. Lewis, J. Pharm. Sci., 62,69(1973). 
(149) M. A. Schwartz and W. L. Hayton, ibid., 61,906(1972). 
(150) R. Sutherland and 0. P. W. Robinson, Brit. Med. J., 2, 


(151) Z. Modr and K. Dvoracek, Reo. Czech. Med., 16.84(1970). 
(152) L. Magi ,  B. Ortentpen, B. Sjoberg, and S. Wahlquist, 


(153) C. Lee. R. C. Anderson, F. G. Henderson, H. M. Worth, 


804(1967). 


Scand. J. Clin. Lob. Invest., 20, 39x1967). 


and P. N. Harris, Antibiot. Annu.. 1958-1959.354. 
(154) P. H. Tardrew, J. C. H. Mao, and DI Kenny, Appl. Micro- 


bid. .  18. 159(1%9). 
(155) R. S: Grikith and H. R. Black, Amer. J. Med. Sci., 247, 


6x1964). 
~~ ,.~ ~ .,_ 


( 1  56) W. E. Wick and G. E. Mallitt, Antimicrob. Ag. Chemother., 
1968.410. 
(157) V. C. Stephens, C. T. Pugh, and N. E. Davis, J. Antibiof. 


(158) W. Morozowich, F. A. Mackellar, and C. Lewis, Abstracts 


(159) C. Lewis, H. W. Clapp, and J. E. Grady, Antimicrob. Ag. 


(160) A. A. Sinkula, W. Morozowich, and E. L. R o w ,  Ab- 


(161) R. M. DeHaan and D. Schellenberg, J. Clin. Pharmacd., 


(162) N. J. Harpg, J. Med. Pharm. Chem., 1,467(1959). 
(163) N. J. Harper, in “Absorption and Distribution of Drugs,” 


T. G. Binns. Ed., Williams & Wilkins, Baltimore, Md., 1964. p. 103. 
(164) E. J. Ariens, Progr. Drug Res., 10,429(1966). 
(165) F. W. Schueler, “Chernobiodynarnics and Drug Design,” 


McGraw-Hill, New York, N. Y., 1960. 
(166) A. Korolkovas, “Essentials of Molecular Pharmacology,” 


Wiley-Interscience, New York. N. Y.. 1970. 
(167) E. J. Ariens, in “Drug Design,” vol. 11, E. J. Ariens, Ed., 


Academic, New York, N. Y., 1971, p. 2. 
(168) C. J. Cavallito, Ann. Reu. Pharmacol., 8, 39(1968). 
(169) J. K. Seydel, J. Pharm. Sci., 57, 1455(1%8). 
(170) A. A. Sinkula, “Molecular Modification: Derivative 


Formation and Pharmaceutical Properties,” 14th Annual National 
Industrial Pharmaceutical Research Conference.” Land 0’ Lakes, 
Wis., June 1972. 
(171) M. Gibaldi, R. Nagashima, and G. Levy, J. Pharm. Sci., 


58, 19x1969). 
(172) J. G. Wagner and J. 1. Northam, ibid., 56, 529(1967). 
(173) D. S. R i m ,  “The Mathematical Approach to Physiological 


Problems,” Williams & Wilkins, Baltimore, Md., 1963, p. 193. 
(174) M. Gibaldi, J. Pharm. Sci., 58, 327(1969). 
(175) L. Z. Benet and R. A. Ronfeld, ibid., 58, 639(1969). 
(176) M. Gibaldi and D. Perrier, J. Clin. Pharmacd., 12, 201 


(177) L. Hollister and G. Levy, J. Pharm. Sci., 54,1126(1965). 
(178) J. Wagner and E. Nelson, ibid., 52, 61q1963). 
(179) J. C. K. Loo and S .  Riegelman, ibid., 57,918(1968). 
(180) R. E. Notari, J. L. DeYoung, and R. H. Reuning, ibid., 61. 


(181) 1. T. Doluisio, 1. C. LaPiana, and L. W. Dittert, ibid., 60, 


(182) S .  B. Tuano, L. D. Johnson, J. L. Brodie, and W. M. M. 


(183) W. J. Jusko and G. P. Lewis, Lancet, Mar. 25,1972,690. 


ACKNOWLEDGMENTS AND ADDRESSES 


(Tokyo), 22,551(1969). 


of Papers, APHA meeting, Washington, D. C., 1970, p. 63. 


Chemother., 1962, 570. 


stracts of Papers, APHA meeting, Washington, D. C.. 1970, p. 63. 


12,74(1972). 


(1972). 


13x1972). 


71x3971). 


Kirby, N .  Engl. J .  Med., 275, 63x1966). 


Received from the College of Pharmacy, Ohio State Uniwrsity, 
Columbus, OH 43210 


Presented in part at the 14th Annual National Industrial Pharma- 
ceutical Research Conference, Land 0’ Lakes, Wis., June 1972. 


The author thanks Dr. Anthony A. Sinkula, The Upjohn CO.. 
for providing the information in Table VII. (See Reference 170.) 
Appreciation for valuable assistance in the preparation of this 
manuscript is extended to J. DeYoung and R. Anderson. 


Vd. 62. No. 6, June 1973 0 881 








Effect of Vehicle Viscosity and an Anticholinergic 
Agent on Bioavailability of a Poorly Absorbed Drug 
(Phenolsulfonphthalein) in Man 


JOHN J. ASHLEY* and GERHARD LEVY’ 


Abstract 0 The purpose of this study was to determine if an in- 
crease in the viscosity of the solution vehicle, or premedication with 
an anticholinergic agent, can increase the bioavailability of a poorly 
absorbed drug in man. The absorption of phenolsulfonphthalein 
by healthy adults was decreased significantly during the 1st hr. 
when the drug was administered in very viscous sodium alginate 
solution or when the subjects had been premedicated with pro- 
pantheline. Sodium alginate had no effect on the total amount of 
phenolsulfonphthalein absorbed; pretreatment with the anti- 
cholinergic agent increased the total amount of phenolsulfon- 
phthalein recovered in the urine from an average of 16 to 24% of 
the dose. This effect is attributed to a decrease of the GI transit 
rate. 


Keyphrases 0 Drug absorpt ion4ect  of vehicle viscosity and 
anticholinergic agent on bioavailability of poorly absorbed drugs 
(phenolsulfonphthalein), man 0 Phenolsulfonphthalein absorption 
--effect of vehicle viscosity and anticholinergic agent, man IJ 
Anticholinergic agents-effect on bioavailability of poorly absorbed 
drugs (phenolsulfonphthalein) in man IJ Viscosity of solution 
vehicle-effect on bioavailability of poorly absorbed drugs (phenol- 
sulfonphthalein) in man 0 Bioavailability of poorly absorbed 
drugs (phenolsulfonphthalein~ffect of vehicle viscosity and anti- 
cholinergic agent, man 


Some orally administered drugs, particularly those 
that are almost completely ionized in the pH range of GI 
fluids and have a relatively high molecular weight, are 
not completely absorbed. It is of interest to determine if 
the bioavailability of such drugs may be increased by 
pharmaceutical or pharmacological means. Previous 
studies with riboflavin, a vitamin absorbed by a special- 
ized transport process, showed that administration in a 
very viscous sodium alginate solution vehicle or pre- 
medication with the anticholinergic drug propantheline 
increases the total amount of riboflavin absorbed upon 
oral administration of a large and incompletely ab- 
sorbed dose (1, 2). This increased absorption was pre- 
sumably due to prolonged retention of the vitamin at 
intestinal absorption sites as a result of decreased in- 
testinal transit rate. Extrapolation of these results to 
drugs may be limited by the rather unique absorption 
characteristics of riboflavin (3, 4). The previous studies 
were extended by determining the effect of vehicle vis- 
cosity and premedication with propantheline on the 
bioavailability of a poorly absorbed drug, phenolsul- 
fonphthalein (phenol red). 


EXPERIMENTAL 


Eight healthy male volunteers received 20 rng. phenolsulfon- 
phthalein USPI, dissolved in 50 rnl. of aqueous vehicle, in the morn- 
ing on an empty stomach. For the control experiments, the drug was 


Lot No. 851p. Allied Chemicals Corp. 
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dissolved in about 2 ml. water with the aid of 20 mg. sodium 
bicarbonate, and this was added to 48 ml. of a vehicle containing 
1 citric acid, 0.1 sodium saccharin, 0.01 terpeneless lemon oil, 
and distilled water. 


To determine the effect of viscosity on phenolsulfonphthalein 
absorption, 2% sodium alginatea was incorporated in the. solution. 
The rheologic characteristics of the alginate solution were similar to 
those described previously (1). 


To determine the effect of an anticholinergic agent, the subjects 
received 30 mg. propantheline bromidea the night before and again 
1 hr. before the experiment. Subject T received only one-half this 
dose because of his low body weight. Phenolsulfonphthalein was ad- 
ministered in the same vehicle as was used in the control experi- 
ments. 


The three types of experiments were carried out in random order 
on each subject at least 1 week apart. No food was permitted until 
4 hr. after phenolsulfonphthalein administration, at which time the 
subjects ate lunch. Urine was collected hourly for the first 12 hr. and 
then at longer intervals for a total of 24 hr. The subjects drank 
sufficient water to maintain an average urine flow of 50-100 ml./hr. 
Phenolsulfonphthalein in the urine was determined colorimetrically 
as described by McLeod et al. (9, except that the pH and capacity 
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Figure 1-Mean urinary excretion rates of phenolsul/bnphthalein 
ajier oral administration of 20 mg. in solution to eight normal adult 
subjects. Key: A, control; 0, in sodium alginate sofurion; and 0. 
ajier pretreatment with propantheline. Some of the indioidual data 
were obtained by interpolation. 
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* Sodium alqinate XRD-1000, MarineColloids, Inc., New York, N.Y. 
s Pro-Banthine tablets, I S  mg., Searle. 







Table I-Effect of Sodium Alginate and Propantheline on Phenolsulfonphthalein Absorption in Man 


7 Amount of Phenolsulfonphthalein Excreted, mg. 
7 1 hr. 24 hr.- -- - 7  - . _._. 


Weight, Sodium Sodium 
Subject Age, years kg. Control Alginate Propantheline Control Algnate Propantheline 


A 36 84 0.21 0.20 0.21 2.9 3.9 3.9 
G 23 66 0.26 0.09 0.05 3.7 3.2 5.7 
K 27 68 0.27 0.20 0.14 3.3 2.7 5.9 
L 37 64 0.42 0.33 0.11 4.1 4.1 4.8 
0 28 75 0.42 0.18 0.03 4.3 2.5 3.3 


0.24 0.08 0.09 3.3 3.2 5 . 5  
1.7 1.6 4. I 


S 27 83 


Y 26 68 0.42 0.19 -0 2.7 2.9 5.4 
T 


Mean 0.30 0.16 0.10 3.2 3.0 4.8 
Relative SD 32 61 62 26 26 20 
Statistical significanceb uersus control p <0.005 p <o. 01 N.S. p <0.01 


-0 29 55 0.20 0.01 


0 These subjects were unable to void until after the 1st hr. b Paired t test. 


of the alkaline buffer were increased to avoid underestimation of 
phenolsulfonphthalein concentrations in particularly acidic urine 
samples. The modified buffer solution consisted of 38.0 g. NaaPO,. 
12H10, 26.8 g. NaZHPO,. 7H20, and enough distilled water to make 
I 1. (pH approximately 11.5). The samples were centrifuged at 
IOOOxg for 10 min., and part of the supernatant phase was re- 
moved for determination of the absorbance at 560 nm., with water 
in the reference cell. Blank determinations were made in the same 
manner, except that the alkaline buffer was replaced by 0.1 N 
acetic acid. The blank values averaged 0.38 mg. apparent phenol- 
sulfonphthalein/24 hr. (0.09 rng. SD). 


Binding of phenolsulfonphthalein to sodium alginate was deter- 
mined by equilibrium dialysis at 37" using 5 ml. of the sodium 
alginate solution (without phenolsulfonphthalein) employed in the 
absorption study and 5 ml. 0.9% NaCl in 0.01 N HCI in the cello- 
phane bag and using 30 ml. of a solution of 0.0015% phenol- 
sulfonphthalein and 0.9% NaCl in 0.01 N HCI as the outer phase. 
The external phase was assayed at 24 hr. and both phases were 
assayed at 48 hr. The concentrations of phenolsulfonphthalein in 
the external phase were identical at 24 and 48 hr., indicating that 
equilibrium had been reached in less than 24 hr. 


RESULTS 


Administration of phenolsulfonphthalein in sodium alginate solu- 
tion or premedication with propantheline decreased significantly the 
amount of phenolsulfonphthalein excreted 1 hr. after administra- 
tion of the dye (Table I). Equilibrium dialysis showed that there was 
no measurable binding of phenolsulfonphthalein by sodium alginate 
under the experimental conditions. Phenolsulfonphthalein excre- 
tion continued for less than 24 hr.; the total amount excreted in 24 
hr. was not significantly different from the control when phenol- 
sulfonphthalein was administered in sodium alginate solution. On 
the other hand, premedication with propantheline increased the 
total recovery of phenolsulfonphthalein from 16 to 2 4 x  of the dose, 
a statistically significant difference (Table I). The time course of 
phenolsulfonphthalein excretion in the control, sodium alginate, and 
propantheline experiments is shown in Fig. 1. The averaged data in 
the figure are a good reflection of the individual results and are not 
distorted by the averaging process. A secondary excretion maximum 
was noted in all three experiments. It occurred immediately after 
lunch, i.e., 4 hr. after phenolsulfonphthalein administration. 


DISCUSSION 


Phenolsulfonphthalein, a weak acid with a molecular weight of 
354, is almost completely ionized at pH above 1. About 85% of a 6- 
mg. dose is recovered in the urine within 6.hr. after intravenous ad- 
ministration to normal subjects (5). About 3% of the dose is elim- 
inated in the bile (5 ) .  The dye is excreted partly by renal tubular 
secretion, with a transport maximum of 35.8 mg./min./1.73 m.* (6). 
Intestinal perfusion studies in rats have shown that phenolsulfon- 
phthalein is equally well absorbed in the proximal and distal regions 
of the small intestine (7). In the 0.5-20-mg./l. concentration range, 
phenolsulfonphthalein absorption from the intestinal tract of the 


rat occurs mainly by passive diffusion (8). At lower concentrations, 
there is an appreciable contribution by a specialized transport 
process which can be inhibited by paminohippuric acid (9). Oral 
administration of 6 .  30, 60, and 120 mg. phenolsulfonphthalein to 
normal human subjects resulted in the recovery of 13.2, 8.0, 6.5, 
and 5.3% of the dose in the urine, respectively (5 ) .  A double recip- 
rocal plot of maximum excretion rates or amounts recovered in the 
urine in 24 hr. ucrsus the oral dose shows a good linear relationship 
suggestive of a specialized transport process. but similar results 
could be obtained by other mechanisms (such as partial precipita- 
tion of phenolsulfonphthalein due to interaction with a component 
of the GI fluids or nonlinear binding to mucosal proteins as the 
first step in absorption). Two colectomized patients absorbed 
phenolsulfonphthalein as well as normal subjects, suggesting that 
absorption of orally administered phenolsulfonphthalein occurs 
mainly in the small intestine (5 ) .  


The decreased excretion of phenolsulfonphthalein in the 1st hr. 
after administration in sodium alginate solution and after pre- 
medication with propantheline may be attributed to slower gastric 
emptying. The sodium alginate solution was slightly thixotropic and 
had a viscosity of more than 6OOO cps. at a shear rate of 5.14 set.-' 
and a temperature of 37O. It formed a stiff gel when acidified with 
0.01 N hydrochloric acid. This should result in appreciable slowing 
of phenolsulfonphthalein transfer from the stomach to the intestines. 
Binding or complexation of phenolsulfonphthalein with sodium 
alginate could also reduce the rate of absorption of the dye, but this 
unlikely possibility (both are weak acids) was ruled out by equi- 
librium dialysis studies. Propantheline is a potent anticholinergic 
agent and inhibits gastric emptying by pharmacological means. 
Intravenous injection of propantheline has been reported (in ab- 
stract) to retard significantly gastric emptying and to decrease the 
rate, but not the extent, of acetaminophen absorption from tablets 
by human subjects (10). 


Administration of phenolsulfonphthalein in sodium alginate solu- 
tion did not increase the total amount of phenolsulfonphthalein 
absorbed relative to the aqueous control (Table I). On the other 
hand, pretreatment with propantheline increased phenolsulfon- 
phthalein recovery by So%, presumably due to longer retention of 
the dye at intestinal absorption sites because of slower transit of 
intestinal contents, The secondary excretion rate peak after lunch is 
most probably not due to enterohepatic cycling since very little 
phenolsulfonphthalein is excreted in the bile. It may reflect transfer 
of residual phenolsdfonphthalein from the stomach to the in- 
testines or enhanced absorption due to discharge of bile into the 
intestinal lumen. 


The effect of propantheline on phenolsulfonphthalein absorption 
is very similar to that on riboflavin absorption (2). Pretreatment with 
the anticholinergic agent delayed the absorption of both substances 
but increased appreciably the total amount absorbed. The variabil- 
ity of the 1-hr. excretion data was increased and that of the total 
amounts excreted was decreased with both substances by propan- 
theline. 


The results of this study show that the initial rate of absorption 
of a poorly absorbed substance such as phenolsulfonphthalein from 
solution can be decreased by pharmaceutical and pharmacological 
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means and that an anticholinergic drug can increase appreciably the 
bioavailability of such a substance. 
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Effect of Various Steroids and ACTH on 
Plasma Levels of Zoxazolamine and Dicumarol 


P. KOUROUNAKIS’, S. SZABO*, J. WERRINGLOERt, and H. SELYE 


Abstract 0 Comparative experiments were performed on rats 
given pregnenolone-I&-carbonitrile, estradiol, progesterone, tri- 
amcinolone, hydroxydione, or ACTH (corticotropin) to study 
correlations between the it, cico conditioning effects upon resistance 
to zoxazolamine and dicumarol and the plasma concentrations of 
these drugs. The conditioners were classified as catatoxic when a 
decrease in toxicity was associated with increased blood clearance 
of the drug, and they were classified as syntoxic when in oiuo pro- 
tection was accomplished without a simultaneous fall in the plasma 
drug level. With these criteria, pregnenolone-l &-carbonitrile was 
markedly protective and catatoxic whereas triamcinolone and ACTH 
were moderately protective and syntoxic against zoxazolamine. 
The remaining steroids elicited very mild changes in zoxazolamine 
paralysis and blood clearance. Of all the conditioners tested, only 
estradiol protected against dicumarol intoxication and accelerated 
plasma clearance of this drug. Hence, only estradiol exhibited a 
manifest catatoxic effect against this anticoagulant. 


Keyphrases 0 Steroids (pregnenolone-1 Q-carbonitrile, estradiol. 
progesterone, triamcinolone, and hydroxydione)-effect on plasma 
levels of zoxazolamine and dicumarol 0 AC’IH-effect on plasma 
levels of zoxazolamine and dicumarol 0 Zoxazolamine, plasma 
levels-effect of various steroids and ACTH, resistanceplasma 
concentration correlations Dicumarol, plasma levels-effect 
of various steroids and ACTH, resistanceplasma concentration 
correlations 


It is well known that certain pharmacological agents, 
including steroidal hormones, can reduce the biological 
half-life of others by the induction of drug-metabolizing 
enzymes ( I ) .  During the past few decades, numerous 
observations have confirmed that, in addition to their 
classic hormonal functions as regulators of reproduction 
and general metabolism, steroids also play a decisive 
role in determining the resistance of the body against 
the most varied types of injury (2). These adaptive ste- 


roids can be classified according to their mechanism of 
action into two main groups: (a) “syntoxic” steroids, 
which improve host-tissue tolerance by permitting co- 
existence with the substrate (e.g., by suppressing non- 
specific inflammatory or allergic reactions against it); 
and (b) “catatoxic” steroids, which enhance the de- 
toxication of endogenous and exogenous toxicants oiu 
induction, activation, decreased degradation of drug- 
metabolizing enzymes, and/or accelerated substrate 
elimination from the body. To obtain the best catatoxic 
effect, the steroids are usually administered 2-3 days 
before the toxicant. However, recent findings (3) indi- 
cate that even posttreatment facilitates protection 
against certain intoxications. 


Systematic studies (2, 4) in these laboratories re- 
vealed that, among more than 1200 steroids tested, 
pregnenolone-16a-carbonitrile and its close derivatives 
exert the greatest prophylactic effect in oioo. Biochem- 
ical investigations ( 5 )  on rats showed that pregnenolone- 
16a-carbonitrile stimulates catatoxic mechanisms. On 
the other hand, steroids such as estradiol protect 
in oioo only against a limited number of drugs, and it is 
not known whether their actions are syntoxic or cata- 
toxic (6,7). 


In  view of these observations, an attempt was made 
to investigate the correlation between the in oioo effects 
of steroids and the plasma concentrations of zoxazol- 
amine and dicumarol after treatment with pregnenolone- 
I6a-carbonitrile, estradiol, triamcinolone, progesterone, 
hydroxydione, or ACTH. The steroids were selected on 
the basis that the syntoxic effects are virtually limited to 
glucocorticoids, whereas the catatoxic properties ap- 
pear to be independent of any other known steroid 
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Transport of Albyl Homologs across Synthetic and 
Biological Membranes: A New Model for 
Chain Length-Activity Relationships 


S. H. YALKOWSKY' and G. L. FLY" 


Abstract 0 The ability of each member of a biologically active 
homologous series to  reach the receptor site can often be equated 
with its relative ability to permeate biological barriers. This paper 
presents a structure-activity model based entirely on firmly es- 
tablished diffusional theories as well as solubility relationships gen- 
erally applicable to aqueous systems. The equations derived and 
presented here were previously experimentally verified using syn- 
thetic membranes. These equations are generally applicable for 
transport across membranes and can be of use in describing a 
variety of passive absorption or permeation phenomena. Since 
true equilibrium is rarely attained in biological systems, a kinetic 
model provides an appropriate description of the physiological 
situation. Furthermore, a kinetic model offers considerable prao 
tical utility, because it can readily be incorporated into the overall 
pharmacokinetic treatment. 


Key- 0 Membrane permeability, alkyl homologs-model for 
chain length-activity relationships, equations 0 Transport across 
synthetic and biological membranes+lkyl homologs. model for 
chain length-activity relationships, equations 0 Structure-ac- 
tivity relationships-model for transport of alkyl homologs across 
synthetic and biological membranes based on diffusion theories 0 
Chain length-activity relationships-alkyl homolog transport 
across membranes 


Many theories have been advanced to explain relative 
biological activity of the members of a series of struc- 
turally related compounds (1-5). These theories usually 
relate the affinity of a particular congener for the recep 
tor site to some property such as its molecular weight, 
its solubility, its surface tension, its partition coefficient 
between water and an organic solvent, or some other 
related physicochemical parameter. The structure 
activity models can be categorized operationally as 
being either of kinetic or equilibrium nature. Current 
mathematical models for the former are generally of 
empirical design ; quantitative relationships for the 
latter are complex and difficult to apply to actual data. 


The present paper is concerned with a new kinetic 
approach applicable to many structure-activity profiles. 
The ability of each member of a homologous series to 
reach the receptor site is equated with its ability to 
permeate biological barriers, including the biomem- 
brane(s) and contiguous aqueous layers. This is ac- 
complished by modification of firmly established diffu- 
sional theories. Virtually all aspects of the theory and 
equations derived and presented here were experi- 
mentally verified (6-1 1) using synthetic membranes. 
It will be shown that much of the current biological 
data are interpretable based on these simple diffusional 
relationships. 


These equations are general for transport across any 
membrane and can be of use in describing a variety of 
passive absorption or permeation phenomena. Further- 
more, since true equilibrium is rarely attained in biologi- 
cal systems, a kinetic model may provide a more ap- 
propriate description for the general physiological situa- 
tion, facilitating incorporation of passive transport 
proiesses into the total pharmacokinetic picture. 


THEORETICAL 


Importance of DiRusIon Layers h Membrane Transport-The 
resistance to the transport of a solute across a membrane, which 
separates two aqueous compartments, lies not only within the mem- 
brane but also within the regions of unstirred water adjacent to its 
surfaces (6-11). The resistances of these aqueous regions of dit- 
fusion layers can be treated mathematically as additive resistances 
in series with the membrane (8-10). The flux of a solute across a 
membrane system (membrane and diffusion layers) is proportional 
to the concentration difference, C, across the barrier and is inversely 
proportional to  the sum of the resistances of the laminates. Thus: 
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where P i s  the steady-state flux across the bamer a t  a concentration 
gradient of C; R, and RE, are the resistances of the membrane and 
aqueous regions, respectively; and PC is the membrane-water 
partition coeffioient of the diffusant. For a single membrane of unit 
area, R, and R, are equal to h,lD, and (hoed + hogr)/Dq, respec- 
tively, where h is the laminate thickness. The superscripts d and r 
designate the high (donor) and low (receptor) concentration sites of 
the membrane, and D ,  and D., are the membrane and aqueous 
Musian coefficients of the solute, respectively. For a sequential 
arrangement of 1 membranes, the resistances can be de6ned by: 


where ha$ and /I,,,* are the thicknesses of the individual diffusion 
layers and membranes that are traversed; i.e., the resistance of thick 
tissues can be viewed in terms of the sum of the resistances of the 
tissue's component strata. 


Equation 1 shows that for diffusants of low partition coefficient 
the flux is approximated by (C)(PC)/R,; i.e., the membrane resis- 
tance controls the transport rate of the permeant. On the other hand, 
when the permeant's partition coeflicient becomes large, R,/(PC) 
becomes negligible and, thus, the flux is determined primarily by 
the diffusion layer resistance, &. These conditions are referred to as 
membrane control of flux and diffusion layer control of flux, respec- 
tively. 


Transport of Horndogs at Equirndar Concemtration-In a ho- 
mologousseries therespectivediffusivities, D,and D.,,forall practical 
purposes, remain constant as the series is ascended. Some workers 
(12, 13) argued that the change in molecular weight (MW) or, more 
realistically, molecular volume with increasing chain length should 
be accounted for by multiplying the flux (MW)' / t  for small mole- 
cules and (MW)'/* for larger molecules. This refinement is unnec- 
essary for alkyl derivatives of large molecules, because the factor 
(MW)'/s  is essentially constant over a reasonable alteration of 
chain length. Furthermore, other fluxdetermining factors will be 
shown to be exponentially dependent on chain length, and these 
chanm completely mask any smal l  changes in D ,  or D-,. A relevant 
literature example illustrative of the lack of dependency of D on 
alkyl chain length is found in the work of Scheuplein and Blank 
(14), who showed that there is less than a 30% decrease in diffusion 
coefficient for normal alcohols (methanol through octanol) within 
the stratum corneum. Thus, for a homologous series of compounds 
the values af R, and R, can be treated as being essentially invarient. 


As previously stated, the membrane-water partition coeflicient 
(PC) changes exponentially with chain length and can be related to 
the number of methylene and methyl groups in excess of those in a 
reference homolog, n, by: 


where (PC), and (PC), are the partition coefficients of the reference 
homolog and the higher homolog, respectively; r is a constant 
which is characteristic of the membrane and its bathing solvent, 
which for biological systems is essentially aqueous. For a simple 
homologous series, it is convenient to define (PC), as the partition 
coefkient of the hypothetical zero chain length congener (the Y 
intercept of a plot of log PC wrsus n); n, in this circumstance, be- 
comes the alkyl chain length. The relevance of this partitioning 
relationship with respect to biological transport be found by 
examining Eq. 1 ;  for any given concentration differential, C, the 
steady-state flux of a particular homolog, FmC, can be related to 
alkyl ohain length by substituting Eq. 3 into the logarithmic form of 
Eq. 1: 


log Fa' = log C + log (PO, + 
~n - 10g [RJPC)elOrn + R m ]  (Eq- 4) 


For small values of n, R, is usually much greater than R.JP0.- 
lo*'. This is the condition for membrane control of flux and is 


described by reducing Eq. 4 to: 


log F.* = log( c o o  r) + m (Eq. 5)  


Thus, for the shorter homologs the log [flux] at fixed concentration 
differential grows by the value r per methylene unit added. On the 
other hand, for large values of n, where RJPC),lO'" dominates 
the last term of Eq. 4, the system is under diffusion layer control of 
flux and : 


In other words, a plot of the logarithm of the flux across a given 
membrane for equimolar concentrations of a series of homologs 
usually has an initial slope of and ultimately levels off as n be- 
comes large. Since I is a property of the membrane and the con- 
tiguous solvent and the solvent is assumed to be water, all series 
of homologs should have the same initial slope for a given mem- 
brane. 


Obviously, the critical parameter determining flux and mechanism 
is not alkyl chain length per se but the membrane-water partition 
coefficient. Unfortunately, in biological systems partition coeffi- 
cients are not easily measurable. Because of the relationship between 
chain length and partition ceofficient (Eq. 3), chain length is not 
only a convenient reference parameter but also of equivalent utility 
to partition coefficients obtained in arbitrary partitioning systems 
such as ether-water and octanol-water. The parallelism between in 
uitro partitioning and partitioning in biological systems is not clearly 
known. Since the present discussion is primarily limited to homologs, 
n is a parameter chosen for the mathematical model. 


Limitntians Based upon Solubility-For any given diffusant and 
membrane system, R,, her and (PC) are presumed constant; there- 
fore. the transport rate is dependent only upon the effective con- 
centration gradient. Regardless of the distribution of the gradient 
in the various laminae, the gradient can be maximized by qturating 
the donor solution and maintaining the receptor compartment at 
zero concentration, i.e., in a sink condition. The steady-state flux 
from a maximized gradient system, P, is described by Eq. 1 in 
which C has been replaced by the solubility of the permeant, S: 


Several workers (1 5-1 8) demonstrated that the aqueous solubility 
of each qember of a homologous series can usually be related to 
alkyl chain length by : 


(Eq. 8) 


where So and S. are the solubilities of the reference congener and 
the nth linear alkyl homolog of the series, respectively, and 6 is a 
constant. The value of 6 varies spmewhat from series to series but 
usually lies between 0.S and 0.7. These values represent a decrease 
in solubility by a factor of about 3.2-5.0 for each methylene unit. 


By substituting Eq. 8 into Eq. 4, an expression for the saturation- 
limited flux as a function of chain length is obtained: 


log S,, = log So - In 


10s Fm* 1- S o  + log ( p c ) o  + (I - 6)n - 
log[RJPC)olOr" + Rm1 (Eq. 9) 


For small values of n, Eq. 9 is approximated by: 


For large values of n, Eq. 9 becomes: 


Therefore, a semilogarithmic plot of flux obtained from saturated 
donor solutions (into a rwptor  sink) against alkyl chain length has 
an initial slope of (I - 6). This slope can be positive, negative, 
or zero, depending upon the relative magnitudes of I and 6. 
As chain length is increased, the flux from saturated solutions be- 
comes a direct function of the solubility (Eq. l l )  and decresses by 
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Figure 1-Hypothetical plot illustrating the various possible flux 
dependencies for a homologous series as a function of concentration in 
a system fixed with regard to diffusional parameters. Where bio- 
logical activity parallels flux, the plot can be regarded as a series of 
strucrure-actioity projiies. 


the antilogarithm of I for each methylene unit. Even if the members 
of a series are studied at equimolar concentrations, the solubility 
becomes determinative, because any arbitrary concentration must 
eventually exceed for some value of n, i.e., for some long 
chain derivative. 


The importance of this solubility restriction on the transport rate 
profile of a homologous series can be seen in Fig. 1. which is a 
pictorial summary of the equations presented. The c w e s  drawn 
place the steady-state flux on an arbitrary logarithmic scale and 
represent some of the expected relationships between transport rate, 
concentration, and solubility. Line AJ is the solubility restriction 
under diffusion layer control as described by Eq. 1 I .  It has a slope 
of - 6 and an intercept at A of log (So/&). It can be thought of as 
representing the flux from a saturated solution into a sink receptor 
solution across an infinitely thin membrane, where the resistance 
to transport lies only within the aqueous diffusion layers. 


Line BFG is for saturated solution flux under membrane control 
and is drawn for the case where 6 exceeds r, which would be the 
g e n , d  situation. Since the line is demibed by Eq. 10, the intercept 
at B is equal to log [S,,(PC,/R,)]. Curve EHI is the equimolar case 
dexribed by Eq. 4. The initial portion EH has a slope of T and an 
intercept at E of log [CdPC),/R,] (see Eq. 5).  The plateau occurring 
at subsaturation conditions is dexribed by Eq. 6; but as chain length 
is increased, the concentration CE becomes greater than the solu- 
bility and curve EHIJ is formed. Line DG is also initially equimolar, 
but at a higher concentration than the previously described case. 
There is no plateau because of its early intersection with line AJ 
to form curve DGJ. Line CF is also for the equimolar case but at a 
still higher concentration. The solubility is exceeded while the system 
is still under membrane control to form c w  CFG. Its ultimate in- 
tersection with diffusion layer control produces curve CFGJ. This 
type of dependence is likely to occur when Rae is small compared to 
RdPC) .  


The effects of adding a polar substituent to each member of a ho- 
mologousserres tomake a new series will be twofold. In thefirst place, 
the aqueous solubility of each member of the new series will be 


MdeculPr Modification ouler than Increasing C h i n  


higher than the corresponding member of the ref- series. If 
the two series have similar 6 values, the solubilities of corresponding 
homologs will differ by a constant. Therefore, all curves in Fig. 1 
dependent upon solubility will show a pardel or nearly parallel 
upward displacement. Secondly, the membrane-water partition 
d c i e n t  of each member of the new series will be lower than the 
corresponding homolog of the reference series. Consequently, the 
curves of Fig. 1 that are dependent upon the partition coetficient 
will be parallel to, but lower than, those of the reference series. 


Figure 2 illustrates this point for curve DGJ of Fig. 1. Other 
curves found in Fig. 1 are omitted from Fig. 2 for clarity only; 
they would experience similar shifts. When the increase in log 
[solubility] is less than the decrease in log [partition coetficient], 
curve D'G'J' is formed. The maximum flux occurs a t  a longer 
chain length and is less in magnitude than the maximum of the 
original series. When the factor by which solubility increases is 
greater than the factor for the partition coefficient decrease (D'G' 
J'), the maximum flux exceeds that of the parent series. 


Applications to Bidoglcal System-Stehle and Higuchi (19, 20) 
and Barrie et al. (21) showed the in uitro applicability of the equi- 
molar expressions (Eqs. 4-6), and  fly^ and Yalkowsky (6) ex- 
perimentally verified the equations for both equimolar and satu- 
rated cases using synthetic membranes. Of the utmost significance 
is the fact that this approach to membrane transport has broad ap- 
plicability; it is equally suited to biological membranes and to 
synthetics. This means the r value for biological membranes can 
be determined by studying the relationship between alkyl chain 
length and membrane permeability dr a directly related response 
under the condition of membrane control of flux. Differences be- 
tween biological T values, ~ 8 ,  reflect differences in polarities of 
barriers. All of this can be accomplished even when the values of 
Rm, Re, PC,, and So are unknown. 


The inclusion of diffusion layers or, more generally, aqueous 
resistances as part of the total barrier is likely of great importance 
in biological systems, because agitation in uivo would be expected 
to be inefficient and because biological membranes, particularly 
cell membranes, are much thinner than synthetic barriers commonly 
chosen to mimic biological systems. It should also be realized that 
cytoplasm contributes to the "unstirred" regions. In characterizing 
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Figure 2-Expected effecr of increasing polarity on the flux profie 
of a homologous series. See text for explanation of curves. 
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Table I-Values of &,* for Alcohols - 
Correlation N u m k  of 


source0 *Cat Coetficiht Alcohols 


v7 
V8 
v9 


v12 
V13 
V14 
V15 
V16 
V17 
V18 
v19 
V20 
v21 
v22 
V23 
V25 
V26 
V27 
V28 
V29 
v33 
v34 
v35 
v37 
V38 
V44 
v45 
V46 
v55 
V98 


0.436 
0.419 
0.652 


0.522 
0.503 
0.588 
0.470 
0.478 
0.558 
0.653 
0.617 
0.4% 
0.598 
0.505 
0.460 
0.471 
0.471 
0.488 
0.543 


0.421 
0.403 
0.381 
0.397 
0.403 
0.428 
0.510 
0.498 
0.497 
0.454 


0.418 


0.99.3 
0.996 
0.999 


0.999 
0.987 
0.965 


0.964 


U":F 0. 7 


0.998 
0.997 
0.B8 
0.998 


0.993 
0.993 
0.986 
0.980 
0.997 
0.994 
0.998 
0.999 
0,. 970 
0.998 
0.996 
0.999 
0.998 
0.999 
0.996 


0.985 


5 
5 
7 


4 
5 
4 
4 
4 
8 
7 
7 
8 
7 
6 
5 
5 
5 
7 
5 
4 
7 
4 
5 
5 
4 
4 
8 
7 
6 
4 


Biological System Studied 


10-mv. change in rest potential, lobster axon 
5-mv. change in rest 
Stabilization against Epotonic hemolysq 


Narcask, A. f0d;idCl 


tential, lobster axon 


iedcell 


1,r0, rabbit gut 
N b i s .  eddfish. 37' 
Iw, tort& heart . 
Is% paramecium mobility 
Narcosis, larvae barnacle 
her, movement, tadpoles, l!', 2.5 days old 
Ilm movement, tadpoles. 1 , 12 days old 
I&o, ileum, guinea pig 
4% movement, tadpoles, -18O, 85 days old 
MIC, fish 
MLD, Rsh, carp 
MLD, fish, goby 
MLD, fkb, roach 
Tla pancreatic lipas?, rat 


Inhibition oxygen consumption, kidney, rabbit 
Iro oxygen consuqption, lung, guinea pig 
Toxicity, paramecum 
I,& generation time, L. aerogenes 
MLD, eel 
MLD, fish 
I,% indophenol oxidation, kidney, rabbit 
MLD, S. fyphosa 
Cytolysis, yeast cells 
Narcosis, larvae arenicola 
MLD, South African toad 


LDiW Cat 


~~ ~ ~~ ~~ ~~ ~ 


0 Table and column number of Reference 24 from which data were abstracted. 


diffusional resistance within whole tissues or isolated cells, cogni- 
zance must be given to the thickness and diffusivity in cytoplasmic 
regions. Nothing is sacrificed by the inclusion of the aqueous re- 
sistance term, Re,, as part of the overall resistance because, if 
aqueous resistance is negligible, the term vanishes from the equa- 
tion. 


In applying this type of treatment to biological systems, it is im- 
portant that the biological end-point be a reflection of permeability 
only. If a biological parameter other than permeability is measured, 
it must be assumed that the variances in the intrinsic activity of the 
homologs are negligible and overshadowed by the expected varia- 
tions in permeability. Care must be taken not to apply these 
equations to studies in which intrinsic activities span a range as 
wide as that produced in permeability by the molecular modifica- 
tions. (The activity of a series of homologs in an isolated enzyme 
system is an example of the kind of data that cannot be treated by 
the above equations.) 


With the above-mentioned limitations in mind, the authors at- 
tempted to organize some literature data for diverse biological 
systems and homologous series and to interpret these data in terms 
of transport concepts. By not including modifications other than 
chain length, the introduction of new specific interactions with 
biological receptors is avoided, as are the needs to define and to 
assign additional substituent constants. Also, since the effect of 
polar substituents on diffusion coefficients in biological membranes 
can be quite large (22, 23), inclusion of polar moieties in the treat- 
ments would undermine our basic premise: that the values of R, 
and R., are constant. 


Equimolar Studies-Two very different types of end-points are 
generally chosen for structureactivity studies, namely the relative 
activity of a substrate at a fixed concentration and the reciprocal 
of the substrate concentration required to produce a given response. 
In eithet case, the data can be reported in terms of activity per mole. 
It has already been shown in this presentation that, at constant con- 
centration and under membrane control, the slope of log (response) 
wrsus n is equal to the biological r value of the organism or tissue 
studied. Data from a large number of equimolar or concentration- 
normalized structure-activity studies on homologous series are 
given in Tables 1-111. These data were excerpted largely from the 
existing compilations of Hansch and his coworkers (24-28), who 
analyzed them in terms of the octanol-water partition coefficient. 
To keep these tables representative and reasonably concise, only 


systems containing four or more homologs and having correlation 
coefficients greater than 0.980 were treated. These arbitrary restric- 
tions were chosen for convenience-and in no way affect the conclu- 
sions to be drawn. The biological r values reported in the tables 
give the increase. in activity with respect to chain length rather than 
with respect to the octanol-water partition coefficient. Since the 
change in log (PC octanol-water) per methylene unit is about 0.50, 
the r value of the biological systems studied by Hansch and his 
coworkers can be approximated simply by dividing the slopes re- 
ported by 0.50. 


The intercepts at n = 0 of these plots .are equal to the. product of 
the intrinsic activity (atnt) of the members of the series (which is as- 
sumed to be invarient) and (C(PC)o/R,] (Eq. 5). Because the inter- 
cept is dependent upon three parameters (Rm, PC,, and mat) that 
cannot be lvaluated independently, as well as on the concentration 
C which differed from study t o  study, no attempt will be made to 
interpret intercept data. 


In Table 1, biological r vdues obtained by least-squares analysis 
of data for linear aliphatic dcohols are presented. As mentioned 
previously, the validity of the biological r values rests upon the 
assumption that all of the alkanols have at least similar intrinsic 
activities, an assumption that is probably v d d  for most pf the 
nonspecific activities cited. Data collected and processed by Hansch 
and his coworkers that involve isolatkd enzymes were deliberately 
excluded in compiling Table I. Such data are essentially independent 
of a transport step. The TB values of Table I are all around 0.45 f 
0.1 and appear to be independent of the nature of the system 
studied. 


In contrast to Table I, Table II contains data for a fixed biological 
response, the hemolysis of red blood cells. As can be seen, hemolysis 
data are available for many different types of homologous series. 
This response was selected not only because it has been studied 
extensively but also because the phenomenon is clearly physically 
produced and involves no specific cellular interactions, Thus, the 
activities observed are. of necessity. directly dependent upon 
permeabilities. 
Because of the general interest that exists in the relative anti- 


bacterial activities of homologs on Gram-positive and Gram-nega- 
tive organisms, it was decided to determine and compare r values 
obtained with differing homologous series tested on a representative 
organism of each type. These data aregiven in Table 111. 


About half of the @ values in Tables I1 and 111 were determined 
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Table Il-Values of r&, Determined from Hemolysis of Erythrocyte8 


Correlation Number of Type of 
sourcea *OH¶ coefficient Homologs Homologous Series Erythrocrte 


1A 
1B 
1 c  
1D 
1G 
1H 
1L 


1M 


1N 


1 0  


1P 


1Q 


1s 
1T 
1 v  
1 w  
1x 
1Y 


0.429 
0.477 
0.464 
0.413 
0.528 
0.330 
0.485 


0.445 


0.439 


0.487 


0.585 


0.386 


0.477 
0.440 
0.536 
0.458d 
0.272 
0.447 


~ 


0.985 
0.999 
0.998 
0.999 
0.989 
0.990 
0.997 


0.997 


0.988 


0.978 


0.979 


0.99s 


0.984 
0.988 
0.997 
0.990 
0.988 
0.992 


n-AlCOhOls 
n-Alcohols 
Alk 1 acetates 
n-dcohols 
n-Alcohols 
cr Monoglycerides 
N-Alky! yridinium 


bromi fes 
N-Akyl pipqidine 


h ydrochlondes 
Alkyl dimethylbcnzyl- 


ammonium chlondes 
Alkyl trimethylammonium 


bromides 
Alkyl trimethylammonium 


bromides 
Alkyl trimethylammonium 


bromides 
Alkyl amine hydrochlorides 
N-Alkyl pyridinium iodides 
sodium alkyl sulfates 
sodium alkyl sulfates 
n-(=arboxy+ acids 
n-Carboxylic acids 


Rabbit 
Bovine 
Bovine 
Rabbit 
Rabbit 
Dove 
Dove 


Dove 


Sheep 


Sheep 


HlUUfUl 


B6vine 


Dog 
Dog 
HlUWUl 


Dove 
Z p  


0 Table and column number of Relerence 26 from which data were abstracted. b Only data for straight-chain compounds used. 0 Only data for the as- 
cending portion of the parabola used. * Two data points were assumed to be high by a factor of 10.0. 


Table Ill-Values of &,, for Gram-Positive and Gram-Negative Organisms4 


--Gram-Positive, M. pyrogines var. rutreus- d r a m - N e g a t i v e ,  ,S. typhos- 
Correlation Number of Correlation Number of 


Homologous series WE, Coefficient Homologs *CH* Coe6icient Homologs 


3-Alkyloxy phenols 0.434 
4Alkyloxy phenols 0.455 
4-Alkyl phenols 0.456 
2-Alkyl khlorophenols 0.432 
4-Alkyl2-chlorophenols 0.438 
4-Thioalkyl phenols 0.423 
2-Alkyl Qbromophenols 0.479 
Alkyl amines 0.486 
Alkyl diguanidines 0.478 
Alcohols 0.450 


0.997 7 
0.997 7 
0.999 7 
0.998 6 
0.997 6 
0.997 4 
O:#i  5 
0.997 4 
0.997 5 
0.993 5 


~ 


0.409 
0.431 
0.486 
0.403 
0.412 
0.432 
0.440 
0.228 
0.331 
0.511 


0.997 
0.992 
1 .oo 
0.987 
0.998 
0.997 
0.993 
1 .oo 
0.985 
0.999 


5 
5 
4 
4 
4 
4 
5 
5 
7 
8 


a Data abstracted from Refwence 25. 


from the linear ascending portion of so-called “parabolic”1 struc- 
ture-activity curves. These data are indicated by the superscript c. 
From the data, it can be seen that the rB values obtained from linear 
and parabolic structure-activity data are equivalent and that these 
values are independent of the nature of the series studied. Further- 
more, they all fall within the range of the values given in Table I. 
This independence of values on the nature of the homologous 
series and the biological response studied has been repeatedly 
noted in the literature (1-6) and can be explained on the basis of 
both equilibrium and kinetic structureactivity theories, including 
the one presented here. 


Many workers (1-5, 12-14) have noted (although in different 
terminologies) that the r values for a methylene unit in several 
common organic solvents (Table IV) are not appreciably different 
from the biological rB values given above. Therefore, if, in lieu 
of plotting n, one plots the logarithms of the partition coeflicients 
of the compounds obtained in a solvent for which all the substituent 
w values are the same as the biological system against the logarithms 
of their respective biological responses, the slope will be equal to 
unity. This method has the convenience of enabling substituents 
other than methylene units to be analyzed. However, because of 
the scatter and nonlinearity frequently introduced into such plots 


1 The term parabolic is used in a general sense to describe any curve 
thai has an ascending portion and either a descending or lateauing 
rewon rather than in its strict mathematical sense which &scribes a 
curve of constantly changing slope. 


by nonhydrocarbon substituents. this type of data must be analyzed 
cautiously, especially when the range of the data is less than one 
to two orders of magnitude. The presumed scatter introduced by 
hetero groups is an expected consequence of predictable differences 
in in oitro and in uioo r values for the hetero moieties. To illustrate, 
consider the r and %OH values obtained for partitioning between 
water and red blood cell ghosts on one hand and several commonly 
used.reference solvents on the other. The r values in Table I V  for 
most of the solvents listed are fairly close to the value for 
erythrocyte ghosts. There is a marked lack of agreement in the ZOH 
values between the solvents and the biophase as well as among the 
solvents themselves. This shows that a particular organic solvent 
may be a good model for the red blood cell ghosts as far iu methy- 
lene groups are concerned and, at the same time, not accurately 
reflect the partitioning influence of polar substituents. In view of the 
fact that it is necessary to use separate equations to relate octanol- 
water and ether-water partition coefficients when dealing with 
hydrogen donor and hydrogen acceptor solutes (29). it is unlikely 
that a single in oitro partitioning system will accurately mimic 
biological membranes, which themselves may  differ significantly. 
Thus, if truly meaningful substituent constants are to be acquired, 
they must be obtained for the biological systems themselues. Seeman 
et af. (30) already demonstrated the feasibility of the approach 
using erythrocyte ghosts. Substituent constants could also be Ob- 
tained from experimental transport studies using biological mem- 
branes and the equations described in the first portion of this r e  
port. 
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Table N-Values of rm1 and *OH for Some Common 
Solvents and for Red Blood Cell Ghosts 


Solvent *CHI *OH Reference 


Ether 0.573 -1.51 45 
Ether 0.612 -1.86 46 
octanol 0.500 -1.18 29 
Chloroform 0.609 -2.01 46 
Olive oil 0.525 -0.530 47 
Castor oil 0.545 -2.48 48 
Red blood 0.526 -2.08 30 


cell ghosts 


The process of analyzing certain biological data has led to some 
conclusions in conflict with previously reported biological trends 
suggested by Hansch and his coworkers (24-28). Using the octanol- 
water partition coefficient as a reference parameter, they found 
the slopes obtained in both Grampositive and Gram-negative 


. bacterial systems to be significantly lower than the slopes found for 
hemolysis, narcosis, and most other parameters. The authors be- 
lieve that this discrepancy has several explanations. Since Hansch 
and his coworkers were primarily interested in overall structure- 
activity relationships, they analyzed a much wider variety of data, 
including many sets of data for which it is questionable whether the 
activities were primarily dependent upon transport to the receptor 
site. Some of their slopes, particularly those obtained with isolated 
enzymes, reflect changes in intrinsic activity rather than transport- 
ability with chain length, or log (Pa. Moreover, since Hansch and 
his coworkers did not restrict themselves only to homologs and 
since the biological r values for some hetero substituents found in 
some analogs are not the same as those for octanol-water parti- 
tioning, the slopes would be affected. Finally, if there is a slight 
plateauing of activity at high partition c d c i e n t s  (see next section) 
and all of the data are fitted to a linear equation, the slopes obtained 
will be artifactually low. 


The average r values obtained from the analysis of structure- 
activity studies of homologous series on several biological end- 
points, including those already discussed, are shown in Table V. 
For all studies involving simple membranes, the value of r does 
not differ significantly from 0.45. However, the r values for studies 
involving skin or mucOSa of mammals are consistently lower than 
0.45. The average value determined from the data of seven series, 
in which homologs were tested on mammalian epithelial tissue, 
is 0.25. The reason for this low value is not entirely clear but is 
probably related to the high degree of hydration of these tissues. 


Many equimolar structureactivity curves show, in addition to 
an initial slope of r, a leveling off of activity with increasing chain 
length beyond some critical value. This plateauing &ect was ob- 
served by several workers for both steady-state flux (19, a) and 
biological activity (31-35) and can be explained as being a conse- 
quence of the transition from membrane control to diffusion layer 
control of transport (see Eqs. 4-6 and curve EHI of Fig. 1). A 
plateau is only to be expected in systems where considerations 
dictate the existence of a significant diffusion layer. It is not generally 
observed in the analysis of antimicrobial or hemolysis data because 
small particles (i.e., the cells) have extremely thin d8usion layers 
associated with them. 


An apparent case demonstrating the plateauing eRect is found in 
the work of Rosen et al. (31) on the permeability of the toad bladder 
to nonionic aliphatic acids at pH 4 and 6. Their data (plotted semi- 
lmithmically in Fig. 3) indicate that there is a linear increase in 


Table V-Comparison of &,, Values Obtained for Several 
Homologous Series and Various Biological End-Points 


Num 
ber of 


Series End-Point Subject Studies Mean SD 


Alcohols Many Many 32 0.483 0.079 
Many Hemolysis Erythrocyte 17 0.465 0.057 
Many Antibacterial Gram poutwe 10 0.453 0.021 
Many Antibacterial Gram negative 9 0.428 0.051 
Many Permeation Mammalian 7 0.250 0.047 


epidermal 


X 


1 lma k 


500 


Hgve 3-Permeation rate of 
unionized aliphatic acids across 
toad bladder (31). Key: 0, 
pH 4; and 8, pH 6.  
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transport rate. constant from propanoic to hexanoic acid and a 
plateau at higher chain lengths. The differences in the initial slopes 
are explained by Rosen et al. The results of Buchi and Perlia (35) 
on local anesthetics applied to rabbit cornea likely provide an addi- 
tional example of a transition from membrane to diffusion layer 
control of transport. Thcse workers determined the minimum ef- 
fective concentration and the duration of activity (Fig. 4) of 
several alkyl derivatives of cinchocaine. The reciprocal of the 
minimum effective concentration of each homolog is a measure 
of activity and is a direct reflection of its ability to penetrate the 
skin and reach the site of action. The duration of activity is a meas- 
ure of the time it takes for all of the drug applied to pass through 
the region in which it is active (where the receptor sites are located) 
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Figure &-Reciprocal minimum effectioe concentration (0) and dura- 
tion of action (0) of alkyl cinchocaines for corneal anesthesia in the 
rabbit as a function of chain length (35). 
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TOTAL NUMBER OF CARBON ATOMS OF SUBSTITUENTS (NUMBER 
OF SUBSTITUENTS STUDIED) 


Figure 5-Anthelmintic actioity of 26 mono- and disubstituted 
alkylphenols from saturated solution (36). 


and be carried away by the circulating blood. If a substance is 
transported rapidly, it has a rapid onset of activity but a short 
duration. Conversely, if it is transported more slowly, the onset 
time is longer but so is the time required for all of the applied drug 
to pass through the receptor-containing region. 


Since both curves of Fig. 4 are dependent upon transport across 
the same membranes and diffusion layers, it is not surprising that 
both showed the transition to diffusion layer control for the same 
chain length. As chain length is increased beyond six carbons, the 
activity begins to diminish and falls precipitously for the decyl 
derivative. This decline in activity is probably due to the fact that 
the concentrations of the higher homologs used in the study are 
very close to the solubility limit. In fact, the concentration reported 
for the decyl derivative greatly exceeds the solubility of that com- 
pound. The dotted line in Fig. 4 is an extrapolation of solubility 
data (35) at pH 7.4 for the first six derivatives. The rn values ob- 


lo-’  1 , , I ‘ , , , ,  


1 2 3 4 5 6 7  8 9  
ALKYL CHAIN LENGTH 


Figure &Data of Scheuplein and Blank (49) for permeation of 
normal aliphatic alcohols across human stratum cornewn in vitro. 
Key: 0, concentration-normalized flux; and 0, flux from 0.10 M 
solution (last four points represent saturated solutions). 


tained from the two sets of data appear to differ significantly (0.28 
for duration data and 0.385 for minimum effective concentration 
data). There are many possible causes of this discrepancy, including 
differences in the ability to reach and leave the receptor region and 
differences in intrinsic activity of the substrates. In any case, these 
data should not be used to determine r because of their degree of 
scatter and their proximity to the transition region. 


Many sets of biological data that have been treated as parabolic 
could alternatively be treated by Eq. 9. Similarly, studies for which 
no chain length dependency has been observed might be examples 
in which all activities of the compounds studied are on the plateau. 
Other examples of the plateauing &ect are found in References 6 
and 33. 


Saturated Solution Studies-Returning to the arguments built 
around Fig. 1, one can find an alternative explanation of the pla- 
teauing effect which is also built entirely on simple diffusional 
theory. Since r is usually around 0.45 i 0.10 and 6 is about 0.60 f 
0.05. the d u e  of r - 6 is normally between 0.0 and -0.03. This 
being the case, curve CFG of Fig. 1 can also serve to explain pla- 
teauing data. In fact, if r - 6 is near zero, it is not possible to dis- 
tinguish between curves CFG and EHI from biological data unless 
the extent of saturation of each solution is known. 


The data of Lamson et al. (36) provide a clearcut example of the 
relative activity of saturated solutions of alkyl homologs under 
membrane control of flux (curve BG of Fig. I ) .  Figure 5,  taken from 
their data, shows the time required to kill at least SOX (LTso) of 
pig ascaris in vitro by saturated solutions of various alkyl phenols. 
Their LTro data, which represent 26 mono- and disubstituted alkyl 
phenols, give a slope of -0.16 when plotted semilogarithmically 
oersus total chain length. This value falls in the midrange of the 
expected values for x - 6. Significantly. the LTSO data of Lamson 
et al. (36) for shorter homologs, which are in true solution, fall 
below the line, as do the data for n - 1 1 and n = 12, suggesting the 
total curve CFGJ of Fig. 1. These results are clearly contrary to the 
predictions, based upon the Ferguson principal, i.e., that all satu- 
rated solutions of a homologous series have the same biological 
activity (37,38). 
For almost all examples of “parabolic” structure-antibacterial 


activity relationships, the concentrations reported on the descending 
portion of the curve are greater than the solubility. Furthermore, 
the reproducibility from worker to worker of the data is good on 
the ascending portion and is usually quite poor above the solubility 
limit. As pointed out by several authors (2, 37-39), the meaningful- 
ness of the data on this portion of the curve is questionable. If 
the experiments are performed properly, an exponential increase 
in activity is observed with increasing chain length until the required 
concentration for a particular derivative exceeds its solubility and 
that compound will have little or no activity (37). This is becaw 
it is impossible to get sufficient drug in solution to produce the de- 
sired biological effect. To get reliable data on the descending por- 
tion of the curve, the experiment must be designed to measure the 
magnitude of the effect produced by a given concentration (saturated 
or not) of material. as was done in the example just discussed, 
rather than the concentration required to produce a given effect. 
The following examples, pointed out by Ferguson (39) in 1939, illus- 
trate the questionable nature of measurements of concentration 
required to produce a constant effect. 


1. The concentrations of a series of alcohols required to produce 
a particular degree of surface tension lowering appear to go through 
a maximum, and the position of that maximum with regard to  
chain length depends upon the degree of surface tension lowering 
chosen. 


2. The adsorption of homologs on charcoal increases with chain 
length; but as the solubility is exceeded, the adsorption appears to 
go through a maximum and then decreases with chain length. Thus, 
the maximum observed is dependent upon the experimental condi- 
tions chosen. 


The transition from equimolar to saturated solutions under 
membrane control is nicely illustrated in Fig. 6. The value of 
r is determined from the concentration-normalized data (open 
squares) for the permeation of nine aliphatic alcohols across human 
stratumcorneum tobe0.30.Thislow valueis not unusual for epithelial 
tissue (Table V). The open circles for methyl through pentyl alcohol 
represent the flux from 0.1 M solution. The solubility of the higher 
alcohols was below this value, so the last four open circles represent 
the flux from saturated solutions. The slope of this line (0.30) is in 
excellent agreement with the expected value of r - 6 of 0.30. 
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SUMMARY 


According to this model in its present form, the only explnnation 
for a decrease in activity with chain length is the reduced solubility 
of the higher alkyl homologs. Other physical or biological p h e  
nomena, such as m i d e  formation (a), incorporation into mixed 
micelles (41, 42). adsorption onto inert surfaces, competing 
receptors or absorption into fatty compartments (43), and enzyme 
specificity,all of which usually show anexponential dependence upon 
chain length, could be responsible for the descending portion of the 
curve. Any of these phenomena can be incorporated into the model 
to extend its range of applicability. Membrane pores have not been 
discussed in this report. However, the existence of such pores also 
causes no great difficulty, because they can be readily accounted for 
by a straightforward extension of this treatment to include parallel 
pathways (44). 


It is interesting (and reassuring) to  note that the equimolar curves 
obtained in this kinetic analysis, which have a slope of. r = 0.35 
to 0.55, are in accordance with the predictions of the equilibrium 
theories of Ferguson (1, 37-39) and others (1-3, even though the 
physical+hemical foundations differ significantly. The solubility 
restrictions as described are actually a kinetic facsimile and a 
quantitation of Ferguson’s explanation of the “cutoff” phenomena 
(37). Nevertheless, unlike other models, this theory predicts, for 
certain circumstances, a plateau in the activity wrsw chain length 
profile of a series of drugs under subsaturated conditions. It also 
predicts a region of slight slope for saturated solutions for reason- 
ably expected conditions. These solubility relationships are pres- 
ently being investigated in goldfish. These experimental studies 
strongly support the membrane-difbion layer model as the opera- 
tive mechanism in the absorption of homologous anesthetics by 
the fish. 
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Determination of a Benmthiazepin-2-one in Blood by 
GLC-Electron-Capture Detection 


J. ARTHUR F. de SILVA', NANCY MUNNO, and ROBERT E. WEINFELD 


Abstract 0 A sensitive and specific blood level method was de- 
veloped for the determination of 8chloro-l-(3-dimethylamino- 
propyl)-3,klihydro-4,l-benzothiazepin-2( lH)-one (I) by GLC- 
electron-capture detection. It involves the selective extraction of the 
compound into ether from the blood or plasma made alkaline 
with sodium hydroxide, followed by reextraction into 0.1 N HCI. 
After washing the acid with ether, the aqueous solution is alka- 
linized and the compound is reextracted into ether. The ether is 
evaporated, and the residue is dissolved in a 1% solution of di- 
ethylamine in n-hexane which contains S-chloro-2-(2-diethyI- 
aminoethylamino)-2'-fluorobenzophenone as a reference standard; 
this solution is analyzed by GLC. The overall recovery of I-hy- 
drochloride added t o  blood or plasma is of the order of 85%, and 
the sensitivity limit is about 0.015 mcg. I/ml. blood or plasma using 
a 4-ml. sample per assay. The method was applied to  the deter- 
mination of plasma levels of the drug in man following single 100. 
and 2OD-mg. oral doses of the drug administered 7 days apart. 


Keyphrpses 0 8-Chloro-l-(3-dimethylaminopropyl)-3,Sdihydro- 
4,l-benzothiazepin-2( 1 H).one-analysis in blood, GLC-electron- 
capture detection 0 Benzothiazepin-2snes-analysis of 8thloro- 
1 - (3 - dimethylaminopropyl) - 3,s - dihydro - 4.1 - benzothiazepin- 
2(1 -one in blood, GLC-electron-capture detection 0 GLC- 
electron-capture detection-analysis. 8-chloro-l-+dimethyl- 
aminopropyl)-3,5-dihydro-4,l-benzothiazepin-2( 1 *one in blood 


The tranquilizing properties of the phenothiazines (1) 
has led to the synthesis of a variety of heterocyclic com- 
pounds containing the nitrogen and sulfur moieties in 
the heterocyclic ring. Many of these compounds have 
antidepressant activity (2). Thiazesim' (3) is a member 
of the benzothiazepine class of compounds (4) that 
has shown antidepressant activity in animals (5) and 
man (6). 
8-Chloro-l-(3-dimethylaminopropyl>3,5-dihydro-4,1- 


benzothiazepin-2( 1 H)-one hydrochloride (I-hydrochlo- 
ride) (Table I), another member of this class of 
compounds, was synthesized by Wenner and Uskokovic 
(7) and is under clinical investigation as a psychostimu- 
lant (8,9). 


A sensitive and specific blood level method was de- 
veloped for the quantitation of I by GLC-electron-cap- 
ture detection with a linear range of detection of 10-250 
ng. (Fig. 1). The method was applied to the determina- 
tion of plasma levels of the intact drug (I) in man follow- 
ing administration of single 100- and 200-mg. oral doses. 


EXPERIMENTAL 


Reagents-All reagents were of analytical grade purity (>98 %) 
and were used without further purification. All aqueous solutions 
were made up in doubkdistilled water. The following were used: 
6 N NaOH, aqueous; 2 N NaOH, aqueous; 0.1 N H a .  aqueous; 
1 % diethylamine in spectrograde n-hexanel, 1 :99 (v/v), prepared as 


~ ~~ 


1 5-[2-(Dimethylamino)thyl]-2.3-dihydro-2- phenyl- 1,5 - benzothiaze- 
f Fisher. 


pin-qSH)-one hydrochloride. 


described under Standard Solutions; ether', analytical grade, 
anhydrous; sodium sulfate, anhydrous; and ethanol, absolute. 


CLC C o n d I t i ~ a e A  gas chromatograph4 with a cylindrical 
foil electron-capture detector (foil strength 225 mc. of titanium 
tritide) was used. 


Cdumn-A 1.22-m., 0.63-cm. (4ft., 0.25-in.) 0.d. and OAS-cm. 
(0.18-in.) i.d., borosilicate glass column containing 5 %  silicone 
grease' on 60-mmesh silanized Chromosorb W was conditioned 
for 72 hr. at 260" prior to use. 


Carrier Gas-Nitrogen (oil pumped and dry) was used at a column 
head pressure of 100 psig. and a flow rate of 100-120 ml./min. 


Temperature Settings-The injection port temperature was 250", 
the detector temperature was ma, and the column oven tempera- 
ture was 230°. 


Ampliifier Range-The range used was 1 .O X attenuation 8.0 for a 
full-scale deflection for 100 ng. of I. 


Detector-It was operated at  plateau voltage (-) 70 v. d.c. 
Recorder-A 1.0-mv. dud-pen recordera was operated full scale 


at a chart speed of 101.6 cm. (40 in.)/br. 
Standard Solutions-Stock solutions of I and S-chloro-2-(2- 


diethylarninoethylamino>2'-fluorobenzophenone (111)' (the ref- 
erence standard) have to be prepared, from which the working 
solutions containing varying amounts of I to a constant amount of 
I11 are prepared for making the GLC calibration curve. 


Preparation of Stock Solution of I-Weigh out 11.20 mg. of I- 
hydrochloride, equivalent to 10.00 mg. of the free base, into a 1 S - d .  
centrifuge tube. Dissolve in 1 ml. of water, add 1 ml. of 2 N sodium 
hydroxide to liberate the free base, and extract three times s u m -  
sively with 6 ml. of ether by shaking for 10 min. on a reciprocating 
shaker. Centrifuge and transfer the first ether extract quantitatively 
into a tared 10-ml. volumetric flask, evaporate to  dryness, add the 
second and thud ether extracts successively to the residue in the 
tared flask, and evaporate again to dryness. Vacuum dry the sample 
for 20-min. intervals until constant weight is achieved. Recovery of 
the free base should be better than 95%. Dissolve the residue in 1 
ml. of ethanol and dilute with sufficient n-hexane to yield a stock 
solution containing 1 mg. (free base)/ml. 


Preparation of Stock Solution of Ill (Reference Standard for 
GLC)-Weigh out 11.10 mg. of 111-hydrochloride (Table I), equiva- 
lent to 10.00 mg. of free base (oily residue), and make a stock solu- 
tion containing 1 mg./ml. exactly as described for I. 


Preparation of External Standard Solutions o/ I (Free Base) 
Containing the Reference Standard (Ill) for GLC Calibration- 
Transfer 1 ml. of each of the above solutions into separate 10-ml. 
volumetric flasks and make up to volume with n-hexane. These 
solutions contain 100 mcg./ml. of I and 111, respectively. Make 
standard solutions of I containing a constant amount of I11 in 
10-ml. volumetric flasks, making to volume with a solution of 1 Z 
diethylamine in n-hexane such that each solution contains 2.0 
mcg./ml. of the reference standard (111) and 2.0, 4.0, 6.0, 8.0, or 
10 mcg./ml. of I. Add approximately 300 mg. of sodium sulfate 
(anhydrous) as a desiccant to each solution to maintain the an- 
hydrous state of these solutions, which are used to make the an- 
alytical calibration curve. 


A new calibration curve is prepared on each day of analysis from 
duplicate 10-pI. injections of each standard solution. The peaks 
due to I and I11 have retention times (Rt) of 4.2 and 7.5 min.. 
respectively (Fig. 2), and the peak area (cm.') of each component 


* Mallinckrodt; may be used for up to 7 days after the can is opened. 
4 Aerograph model 205-1-B. 
6 Dow Corning DC-11. 
a Westronics. 
7 Synthesized by R. I. Fryer and J. Earley, Department of Chemical 


Research, Hoffmann-La Roche Inc.. Nutley, N. J..1968. 
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10 10' 10' 104 


Figure 1-Linear dynamic range of electron-capture detector re- 
sponse to 1. 


ng. I (FREE EASE) INJECTED/lO pl. SOLUTION 


is determined by the product of peak height (centimeters) times the 
width (centimeters) at half-height using the slope-baseline tech- 
nique. A standard curve is prepared by plotting the peak area ratio 
of I:III oersus nanograms of I (Fig. 3). 


Preparation of Internal Stanhrds .for Determination of Percent 
Recooery from Blood-Weigh out 11.20 mg. of I-hydrochloride, 
which is equivalent to  10.00 rng. of free base, and dissolve in 10 ml. 
of absolute ethanol to give a stock solution containing 1 mcg./ml. 
Then dilute this solution to yield an internal standard solution 
containing 1 mcg./100 pl .  of ethanol, suitable aliquots of which are 
added to blood or plasma as internal standards for determining 
the percent recovery. 


Diethylamine in n-Hexane 
Contuinhg III for CLC Analysis of Biological Samples-lnto a 100- 
rnl. volumetric flask, transfer 1 ml. of diethylamine and 0.2 ml. of 
the 1.0-rng./ml. stock solution of I11 and make up to volume in 
spectrograde n-hexane. Add about 1 g. of anhydrous sodium sulfate 
and shake by inversion. This solution contains 200 ng. III/100 pl. 
and is used for dissolving the residue of the samples prior to GU= 
analysis. 


Preparation of Stock Solution of' I 


* 


k RL.4.2mina. - 
RLm 7.S mina. 


Figure 2-Gas chromatograms oJI extracted from blood. Key: *, I ,  
analyticul peak; +, 111, reference standard: A, control plasma ex- 
tract; B, authentic standards of I and III  in I diethylamine-n-hex- 
anr; C, I ,  recovered from control plasma: und D, plasma extract 
from a patient dosed with I .  


- - .. 2.0 
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ng. I + 20 ng. 111/10 pl. INJECTED 


Iruure 3-Calibration curve of electron-capture detector response to 
I using the benzophenone ( I l l )  as a refirence standard. 


Experimental Procedure for Extraction from Blood or Piasma- 
Into a Sml .  centrifuge tube, add 4 ml. of blood or plasma. 4 
ml. of 2 N NaOH, and 15 ml. of ether for the first extraction. 
Along with the samples, run a 4 4 .  specimen of control blood or 
plasma (taken preferably from the patient prior to medication) 
and four separate 4-ml. specimens of control blood or plasma to 
which 200, 400, 600, and 800 ng. of I-hydrochloride (B, 40-, 60-, 
and Wpl. aliquots of the internal standard solution evaporated to  
dryness under nitrogen) are added as internal standards. Seal the 
stoppers with a drop of distilled water. Shake for 15 min. on a 
reciprocating shaker, centrifuge for 10 min. a t  2000 r.p.m., and 
transfer the ether into another 5 0 4 .  tube. Repeat the extraction 
with another 10-ml. portion of ether and combine the ether ex- 
tracts. Back-extract the ether with 5 ml. of 0.1 N HCI, centrifuge, 
aspirate off the ether, and wash the hydrochloric acid twice with 10- 
ml. portions of ether; then centrifuge and remove the ether by 
aspiration as before. Alkalinize the hydrochloric acid to a brom- 
thymol blue end-point with 0.1 ml. of 6 N NaOH. Extract with 2 
X 10-ml. portions of ether by shaking for 10 min. Then centri- 
fuge and combine the extracts sequentially in a 15-ml. centrifuge 
tube and evaporate to dryness. Transfer the sample residues to  a 
vacuum desiccator and vacuum dry for 15-20 min. to remove all 
traces of moisture. Add 50 pl. of a 1 Z solution of diethylamine in 
n-hexane containing the reference standard (111) (reference standard 
stock solution) to each tube, and dissolve the residue by mixing for 
60 sec. on a mixer' at high speed. Prepare two samples at a time for 
GLC to prevent solvent losses in the tubes. Inject a l0-pl. aliquot 
for GLC analysis. The peaks due to I and I11 in the unknowns are 
identified by their respective retention times of 4.2 and 7.5 min. 
compared to the retention times of the peaks of the authentic ex- 
ternal standards (Fig. 2). 


Calculatlons-The peak areas of I and 111 are determined as  
described. The peak area ratios of 1:III are calculated, and the 
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Figure 4-Plasma level fall-off curws of I in man following the oral 
administration oJl00- and 200-rnc. doses gioen 7days apart. 
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TaMe I-Chemical Names, Structural Formulas, and Physical Properties of the Compounds Mentioned 


Molecular erence fo 
weight Melting Point Syntku 


4,1-benzothiazepin-2(lH)-pne iydrochloride 


4.1 -benzothiazepin-2( 1 W n e  hy$ochloride 


fluorobenzophenone hydrochloride 


nanogram amounts of I in the unknowns are interpolated from the 
standard curve of the recovered internal standards or by direct 
comparison to any given internal standard using the formula: 


During the investigation of the intrinsic analytical properties of 
I, it was noted that the compound had no useful absorbance in 
either the visible or UV region and, consequently, had no useful 
intrinsic fluorescence in basic, neutral, or acidic media. However, 
the free base of the compound was amenable to GLC analysis em- 
ploying the sensitivity and selectivity of the electroncapture de- 
tector response to the halogen, sulfur, and carbonyl groups in the 
molecule for its detection. The limit of detection of the pure com- 
pound was 10 ng. when chromatographed on a 1.23-111. (4-ft.) 
column of 5% silicone grease6 at 2m0, giving a potential sensitivity 
limit of 0.01 5 mcg./ml. of blood or plasma. However, greater sen- 
sitivity may be obtained by using the phenyl silicone liquid phases 
such as OV-l and OV-17 and the “Ni (15 mc.) electroncapture 
detector, especially in the pulsed d.c. operational mode. 


The selective extraction of I into ether from the blood or 
plasma made alkaline with sodium hydroxide was based on the 
basic nature of the compound (pKa 8.7). Since the compound 
readily forms acid salts, the free base in ether was backextracted 
into 0.1 N HCI, which was then subjected to suitable cleanup. The 
hydrochloric acid solution containing I is made strongly alkaline, 
extracted into ether, and concentrated by evaporation. 


It was noted that I in the final ether residue was not quantitatively 
dissolved in n-hexane. apparently due to strong adsorption on the 


glass. However, it was determined by GLC that I was solubilized 
and quantitatively desorbed off the glass with a solution of 1 %  
diethylamine in n-hexane. Since diethylamine is very h y g r m p i c  
anhydrous sodium sulfate was used to remove traces of moisture 
in the sample residues which would otherwise severely quench the 
response of the *H-electroncapture detector, giving nonlinear 
and ip-eproducible results. The reference standard (111) serves as an 
index of the performance of the electron-capture detector during the 
assay and monitors the stability of the GLC system. 


The electron-capture detector response characteristics of 111, its 
sensitivity limits, and its linear range of detection were compatible 
with those of 1. Its retention time of 7.5 min. ensures complete 
resolution from I and from extracted impurities, making it a 
suitable reference standard for GLC analysis. 


AppUcation of Metbod to Bldogical Sped-Plasma levels 
were determined in a female patient (M.F.; age 59 and 68.4 kg. in 
weight) following single oral doses of 100 and #)o mg. adminis- 
tered 7 days apart. Blood specimens were collected prior to medica- 
tion (control) and at 0.5, l, 54, 8, 12, 24, and 48 hr. after dosing; 
the plasma was separated immediately. Semilogarithmic plots of 
the plasma levels shown in Fig. 4 and indicate a slow and pro- 
longed absorption of the drug, with a maximum level being reached 
1-2 hr. after administration. These levels were maintained for up 
to 8 hr. following both the 100- and m m g .  doses. after which time 
a progressive decline in the plasma levels was seen up to 48 hr. The 
plasma level half-life determined by the method of least squares 
was approximately 15 hr. for both the 100- and m m g .  doses. 


The sensitivity limit of the method was established at 0.015 mcg. 
I/ml. plasma using a 4-ml. sample per assay in additional studies 
where blood levels were determined in man following the oral ed- 
ministration of 20 mg. of I-hydrochloride/tlay in Smg. doses (q.i.d.). 


Spedfkity of Assay-Following GLC analysis, the remainder 
of the 1 diethylamine in n-hexane solutions were pooled and an- 
alyzed by one-dimensional TLC in acetone-ammonium hydroxide 
(100:2). The chromatoplates showed the presence of a single spot 
corresponding to that of authentic I (Rj 0.90). The N-moaodes- 
methyl analog (11, Rj 0.17) (Table I), a metabolite Seen in dog blood. 
is absent in human blood extracts after single oral doses. It may, 
however, appear after chronic administration of the drug. On GLC 
analysis, Compound 11 had a retention time of 5.4 min. and was 
resolved from I whose retention time was 4.2 min. The GLC assay 
in bIood is apparently specific for the intact drug. 
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Determination of Coating Thickness of Microcapsules and 
Influence upon Diffusion 


LUU SI-NANG’, PATRICK P. CARLIER, PIERRE DELORT, JEAN GAZZOLA, and DIDIER LAFONT 


Abstract 0 Experiments in this study appear to show that the 
diffusion rate of the encapsulated drug is a function of microcapsule 
size. The object of this paper is to  report the influence of the coating 
upon diffusion and the determination of the thickness of the coat- 
ing. An equation was established, which was verified by micro- 
scopic measurement of microspheres previously sliced with a 
m icrotome. 


Keyphrases 0 Microcapsulesdetermination of coating thickness, 
effect on diffusion rate 0 Coating thickness, microcapsules4e- 
termination, effect on diffusion rate 0 Diffusion rate, encapsulated 
drugs-influence of nature and thickness of coating 


The microencapsulation process is comparatively new 
(1-7). It consists of coating crystals or microdroplets of 
liquid with a polymer film. It has been applied success- 
fully to a number of products, from gasoline to tetra- 
cycline. Its pharmaceutical use enables one to mix sub- 
stances incompatible with each other, to mask an un- 
palatable taste, or to induce a prolonged action. Of 
course, the nature and thickness of the coating determine 
the diffusion rate. 


THEORETICAL 


Influeye of Coating upon W d H t u d y i n g  the dissolution in 
water of cylinders of benzoic acid and lead chloride, Noyes and 
Whitney (8) gave the following dissolution equation: 


where K is a constant, C, is the solubility of the substance, and c is 
the concentration at the expiration of the time t .  


According to Brunner (9): 


DS K = -  
V8 


where K is the same constant as in the Noyes-Whitney equation, D 


is the solute molecule diffusion coefficient, Y is the volume of solu- 
tion, 8 is the effective diffusion layer thickness, and S is the surface 
of the solid-solution interface. 


The equation : 


allowed the computation of 8. 
As reported by Wurster and Taylor (10): “the idealized film layer 


is not well defined, but it allows the correlation of experimental 
data with the physical properties of both the solute and solvent.” 


Diesdution of Microencapsulated Mute-In this experiment, the 
material to be encapsulated was viscous and sticky; however, the 
dry microcapsules did not aggregate. Thus one may disregard the 
possibility of a spontaneous diffusion of this material through the 
coating wall, and the phenomenon may be considered as follows: 
when the microcapsules were suspended in a liquid, the penetration 
of the solvent into the microspheres occurred first, followed by the 
dissolution of the encapsulated solute and the diffusion of the solu- 
tion. The phenomena taking place during this exchange were de- 
pendent on osmotic pressure and diffusion. 


In the event of the encapsulated substance being only slightly 
soluble in the liquid, one may disregard the effect of osmotic pres- 
sure and consider only diffusion. Thus, Eq. 3 may be expressed as: 


where S’ is the external surface of a microcapsule, c is a coefficient 
expressing the porosity and tortuosity of the coating, and h is the 
thickness of the coating. Other symbols are the same as already 
defined. 


If it is assumed that microcapsules with the same radius have the 
same coating thickness, and that this thickness as well as that of 
Brunner’s (9) layer are small and negligible with respect to the 
radius of microcapsules, one may write: 


S = S’ = n4rP  (Es. 5 )  


where F is the mean radius of the microcapsules and n is the number 
of microcapsules. The volume V, of the microcapsules is expressed 
as: 
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RESEARCH ARTICLES 


Transport and Binding of Methotrexate In Viuo 


R. L. DEDRICK*., D. S. ZAHARKOt, and R. J. LUTZ* 


Abstract 0 A mathematical model is presented for time-dependent 
uptake of drugs in tissues exhibiting significant membrane resistance 
to transport during periods of rapidly changing plasma concentra- 
tion in oioo. The model includes joint effects of blood flow, mem- 
brane transport, and binding. It is used to interpret data on the 
uptake of methotrexate in bone marrow, spleen, and small intestine 
of the bile-cannulated rat following intravenous doses of 0.05,0.25, 
2.5, and 25 mg./kg. The transport is saturable and influenced by 
strong intracellular binding. The Michaelis constant ranges from 
0.45 mcg./ml. (1.0 fiM) to 1.1 mcg./ml. (2.4 p M ) ,  in generd agree- 
ment with in oirro studies in a number of mammalian cell lines. 


Keyphrases 0 Methotrexate-in oioo transport and binding, mathe- 
matical model for time-dependent uptake in tissues, rats 0 Trans- 
port parameters, in oioo methotrexate-mathematical considera- 
tion of blood flow, membrane permeability, and binding 0 Tissue 
distribution, in oioo methotrexate, rats-transport parameters, 
mathematical model for time-dependent uptake 0 Drug transport 
-mathematical model for time-dependent uptake in tissues during 
rapidly changing plasma concentration in oioo 


The mechanism of action of methotrexate' has been 
reviewed by Bertino and Johns (1). It is a strong in- 
hibitor of the enzyme dihydrofolate reductase, which 
catalyzes the formation of tetrahydrofolate. DNA 
synthesis is inhibited if tetrahydrofolate is not available 
for the production of a coenzyme required for thymidyl- 
ate formation. Additional sites of action have been 
proposed, which complicate the complete description 
of the biochemical events leading to cell death or re- 
covery following exposure to methotrexate. 


Methotrexate can be highly toxic to rapidly proliferat- 
ing normal cells because it kills cells in S-phase (the 
DNA synthetic phase). Therapeutic application of 
methotrexate to a tumor-bearing host exposes both 
tumor and sensitive normal cells to the drug at con- 
centrations and with time courses determined jointly 
by the dose schedule, route of administration, and 
physiological disposition. The therapeutic framework 
must be optimized so that tumor cells are destroyed 
more rapidly than they are produced, with constraints 
imposed by toxicity to the host. Within this framework, 
rather subtle differences in cell kinetics, drug transport, 
and tissue perfusion may be exploited despite the rather 
general biochemical mechanism of action. 


Defective membrane transport has been proposed as 
a mechanism of drug resistance in the murine leukemia 
L5178Y (2). Drug transport has been associated with 
sensitivity or resistance of a number of other tumors 


~ 


1 N - { p  - [(2,4 - Diamino - 6 - pteridinylmethyl)methylamino]benz- 
oyllglutamic acid. Methotrexate is  currently used in the treatment of 
leukemia and other tumors. 


including the Yoshida sarcoma in rats (3, 4), P-388 
leukemia in mice (9, Ehrlich ascites tumor (6), a variety 
of mouse leukemias (7), human leukemia (8), and 
mouse L-1210 leukemia (9). 


Transport of methotrexate into mammalian tumor 
cells has been studied extensively in vitro. A few studies 
in addition to those already cited include the mouse 
L-1210 leukemia (10-13) and Sarcoma-180 (14, 15). 
Werkheiser (16) studied the uptake of methotrexate by 
ascitic P-388 leukemia in mice. A number of aspects of 
methotrexate transport in mammalian cells were dis- 
cussed by Goldman (17). Werkheiser (18) also developed 
a theoretical mathematical model which includes the 
effect of finite permeability on the action of methotrex- 
ate in uivo. Data on rates of diffusion of methotrexate 
into sensitive normal tissues in vivo have not been 
published. Past investigations of the distribution of 
methotrexate in uiuo (19, 20) indicated that blood flow 
and protein binding could not explain the rate of uptake 
in bone marrow, the spleen, and the GI tract. That 
these are important sites of action is suggested by 
clinical findings of leukopenia, thrombocytopenia, and 
intestinal toxicity (21). 


The purposes of this paper are: (a) to report transport 
parameters for entry of methotrexate into bone marrow, 
the small intestine, and the spleen of the rat and (b) to 
present a mathematical model for the interpretation of 
the observed uptake during time intervals in which the 
plasma concentration is decreasing rapidly because of 
drug redistribution and elimination. Data were ob- 
tained following pulse intravenous injections at four 
doses ranging from 0.05 to 25 mg./kg. A mathematical 
model has been developed to incorporate the joint ef- 
fects of blood flow, transport across cell membranes, 
and strong intracellular binding (presumed to be due to 
dihydrofolate reductase). The mathematical treatment 
is general and can be adapted to other normal tissues or 
to tumors in which blood flow, membrane permeability, 
and binding must be considered together. 


EXPERIMENTAL 


The concentration of methotrexate in the various tissues of the 
rat was obtained as follows. The tritiated drug, 3',5'9-aHH-metho- 
trexate', in chromatographically pure form (22) was mixed with 
nonlabeled drug' dissolved in 2% sodium bicarbonate. Each animal 
received an injection into the femoral vein of 0.001 ml. labeled 
methotrexate solution/g. body weight; radioactivity (3-9 pc.lkg.1 
was sufficient to give tissue levels with counting errors of 5 %  or 
less. Doses ranged from 0.05 to 25 mg./kg. 


2 New England Nuclear. 
a NCS 740, Lederle. 
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The rats were anesthetized with pentobarbital (60 mg./kg. i.p.) 
and maintained at a reflex-free level of anesthesia by supplementary 
doses as necessary. A midline laparotomy wa.. performed, and the 
bile duct was cannulated with polyethylene 20 tubing. Control bile 
was collected until a constant flow of 20 pl./min. was achieved. 
Body temperature was maintained at 36 f 0.5" throughout the ex- 
periment by a heating lamp and monitored constantly with a 
thermistor-type rectal thermometer 4. 


The animals were decapitated at  selected times after injection of 
methotrexate and tissue samples were collected. The entire small in- 
testine minus expressible contents was homogenized as were the 
spleen and other tissues; the bone marrow from two femurs was 
removed by cracking open the bones and aspirating the contents 
into a tared micropipet; the blood was centrifuged to  collect plasma. 
Aliquots of the tissue homogenates, plasma. and the entire sample 
of bone marrow were combusted and counted (23). The counts were 
converted to micrograms of drug per unit of tissue after appropriate 
corrections for quenching, volumes, and weights of tissues. 


As reported previously, significant metabolism of methotrexate 
by intestinal bacteria occurs in rats after 6 hr. (24). With this con- 
sideration in mind. the comparison of model predictions with ex- 
perimental data was limited to short times so that the tritium meas- 
ured actually represents intact drug. 


The diversion of the bile from the intestinal lumen made it pos- 
sible to analyze the rate of methotrexate uptake into the small in- 
testine from the vascular compartment without the complication of 
enterohepatic recirculation. 


In those studies in which extracellular space of tissues was de- 
termined by inulin-lC, the same experimental procedure as already 
described was used. I n ~ l i n - ~ ~ C *  in 0.1 M phosphate buffer a t  pH 
7.0 was the injection fluid. The inulin-W was purified just prior 
to use by a Sephadex chromatography procedure (25). 


..------ 
, SPLEEN 
i 


DEVELOPMENT OF MODEL. 


A mathematical model has been published which simulates the 
distribution and disposition of methotrexate in several mammalian 
species (19, 26) and in the sting ray (20). Since this model and its 
key assumptions were described previously, only a summary de- 
velopment is presented here. Careful attention is given to the opera- 
tional formulation of transport within a region which may be in- 
fluenced by membrane transport as well as flow. 


Scheme I is a flow diagram showing the compartments in the 
mathematical model. The spleen and marrow compartments are 
small and contribute little to the systemic distribution of metho- 
trexate, but they are included because they are important sites of 
action for the drug. This scheme differs from the previously pub- 
lished diagram in a number of ways. The bile is led directly out of 
the common bile duct. Diversion of the bile minimizes drug metab- 
olism and eliminates the enterohepatic circulation. With this ex- 
perimental design, reabsorption kinetics, which are not well quanti- 
fied in the intact rat, are not required in the model. In addition, 
elimination of bile secretion into the contents of the small intestine 
provided the opportunity to observe transport directly between 
blood and gut tissue with a greatly reduced role of luminal drug 
contents in obscuring pharmacokinetic events in the tissue. 


A skin compartment has been included, which contributes more 
to the distribution of the drug than had been previously realired 
and which serves to maintain elevated plasma concentrations at long 
times, since it is poorly perfused. 


The bone marrow, spleen, and GI compartments include a de- 
tailed representation of drug transport across the cell membrane. 
Although bone marrow and spleen are small and play no significant 
role in influencing the systemic drug distribution. analysis of their 
kinetic behavior is important. Transport within the GI tract, the 
bone marrow, and the spleen shows time-dependent behavior that 
is quite different from the apparent flow limitation observed for a 
number of other tissues. This suggests a more complex process 
involving a significant role of cell membranes in determining the 
rate of drug uptake by these tissues. 


A mass-balance equation is written for each compartment in the 
mathematical model. The resulting set of differential equations is 
solved simultaneously to simulate the concentration of drug in each 
compartment as a function of time. For example, the balance equa- 


' Yellow Springs Instrument Co. 


%4 
Urine - 


tion on the kidney is: 


where: 


Q = plasma flow rate, grams per minute or milliliters per minute 
V = size of compartment, grams or milliliters 
q = total (free plus bound) concentration in the tissue, micro- 


k = "clearance" (defined by Eq. I), milliliters per minute 
R = equilibrium tissue-to-plasma distribution ratio, (q/qP).,, 
t = time, minutes 


The rate of flow of drug in the. urine from the kidney at  any time 


grams pex gram or micrograms per milliliter 


and the subscript, K, identifies the compartment. 


is: k K ( q K / R K ) ,  and the cumulative amount of drug in the urine is: 
A, 


Implicit in Eq. 1 is the assumption of flow limitation in the sense 
that the plasma leaving the compartment is in equilibrium with the. 
compartment so that a thermodynamic distribution ratio can be 
used. This idea is inferred from Fig. 1, in which the concentrations 
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Table I-Model Parameters for 2Do-g. Rat 
~~ 


Compartment 
MUS- ----Gut- -Spleen- -Bone Marrow- 


Parameter Plasma cle Kidney Liva Skin ECFa I C P  E C P  I C P  ECFa ICFa 
~~ ~ ~ 


Volume, ml. 


Flow rate, ml./min. 


Linear distribution ratio 


Strong binding constant, mcg./ml. 


Dissociation constant, mcg./ml. 


“Clearance,” ml.lmin. 
Bile transit parameter, min. 


Maximum facilitated transport, 


Michaelis constant, mcg./ml. 


V 


Q 
R 


a’ 


c 


7 


mcg./(min.)(ml.) 
k 


K 


100.0 


3.0 


0.15 


0 


- 
- 
- 


- 


- 


1.9 


5.0 


3.0 


0.3 


0 . m 1  


2.0 
- 


- 


- 


8.3 


6.5 


3.0 


0.5 


0 . m 1  


5.7 
1 .o 
- 


- 


11 .o 
3.7 7.3 
5.3 - 


0 0 .2  


- 0 . m 1  


0.014 


0.45 


0 . W  
o . i i  ~ 0.43 
0.25’ - 


0 0 . 1  


- 0 . m 1  


0.009 


1.1 


4.0“ 


0.w - 
0.80 3.2 


0 0.2 


- 0 . m 1  


0.012 


0 . 9  


a ECF extracellular fluid, and ICF =. intracellular fluid. b Jansky and Hart (32). Rcfcrcncc 33. Mapleson (34), ratioed to 200-g. rat. ‘ Man- 
del and Saperstein (35). for 45 % hematocnt. ! Brook- (36). 


in the liver, kidneys, and skeletal muscles of mice are plotted as 
functions of the plasma concentration. Time does not appear ex- 
plicitly in this plot. An intermediate point on the curve may have 
been obtained at a short time following a small dose or after a 
longer time following a larger dose. This suggests that (on the time 
scale of the experiments at least) a unique relationship exists be- 
tween the plasma concentration and the concentration in each of 
these three tissues. Distribution into muscle is linear, and the- volume 
of distribution is approximately equal to the extracellular fluid 
volume. At hi& plasma concentrations, the drug is concentrated 
in the liver and kidneys about 1O:l and 3:1, respectively. At low 
plasma concentrations, these tissue concentrations appear to ap- 
proach constant values presumed to be associated with strong bind- 
ing of methotrexate to dihydrofolate reductase. In vivo binding iso- 
therms, therefore, consist of a linear part and a saturable part with 
a very low dissociation constant, and the distribution coefficients 
are functions of plasma concentration. 


If the concentrations in the bone marrow, the spleen, and the 
small intestine are plotted in the manner of Fig. 1, no unique ther- 
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Figure I-Distribution of methotrexate between plasma and several 
tissues in rhe mouse following intraoenous doses of 0.1, 0.3, and 3 
mg./kg. at times from 5 to 120 min. 


modynamic relationship is seen between the drug in the tissue and 
that in the plasma. This is illustrated for bone marrow in Fig. 2. 
The dependence of the concentration of drug in the tissue on dose 
(and thus prior drug exposure) as well as on plasma concentration 
suggests an analysis which includes membrane resistance to trans- 
port. The mathematical analysis presented here is rather snera l  
and can be applied or easily adapted to any lumped compartment 
in which flow, membrane transport, and binding must be considered 
jointly. It is developed in some detail with explicit citation of model 
assumptions. 


Cenexal Bnlnnce EqmtionS-A mass balance on each section of 
the compartment in Scheme I1 gives: 


(Eq. 3) d9l V I ~  = Qh,  - qd - ( j A h  


where j = net flux of drug, mcg./(min.)(cm.z); A = area for trans- 
port, cm.’; and the single subscripts 1,2. and 3 refer to plasma, inter- 
stitial fluid, and intracellular fluid, respectively. The double sub- 
scripts 12 and 23 indicate the directions shown in the scheme. The 
flux, j ,  and the area, A, are defined separately here; however, values 
were not obtained for each. Their product is treated as a single con- 
cept (rate of transport) as is common practice in both physiology 
and engineering. If an independent measure of the area becomes 
available, the actual fluxes can be. calculated. 


Bin*-In each compartment, the total concentration is Biven 
as the sum of the free and the bound concentration: 


j = 1, 2, 3 qj = fiCj + (1 - f i ) ~ i  0%. 6) 


with: 


xi = x,(C,) j = 1, 2, 3 (Eq. 7) 


where: 


fi = fraction of water in the j t h  compartment 
Ci = free concentration, micrograms per gram or micrograms 


xi  = bound concentration based on (1 - fj), micrograms per 


In the intracellular compartment there may be. both linear non- 
specific binding to proteins and other cellular constituents (BICI) 
and strong specific binding to dihydrofolate reductase (arCr)/ 
(cr + Cr), where aa is the strong binding capacity and t a  is the disso- 
ciation constant of the drug-enzyme complex. Thus, the total 


per milliliter 


gram or micrograms per milliliter 
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Intracellular Fluid 


Extraallulw Fluid Q + CPAP .-..---I- -9- I I II - - I -- 0- 9- -- - 3 Plasma 


Interstitial Fluid 


(31 


Scheme 11-Diagmm of a compartment (e.g., bone marrow) which shows inter- and intmtissue drug transport, where Q is the plasma flow mte to 
the compartment (milliliters per minute), C, is the plasma concentration of free drug (micrograms per milliliter), Qp is the total plasma concentm- 


tion of drug (free + bound) (micrograms per milliliter), and(jA) is the transmembmne rate of tmnsport (microgramsper minute). 


bound concentration inside the cells is expressed as XI  = BaCI + 
(arCal/(ca i Cd. 


From Eq. 6, the total intradular  concentration, free plus bound, 
becomes: 


q a  = /rCa + (1 -.fr)Xa 0%. 84 


or : 


where 4 8  = f, + (1 - f,)Ba and a,' = (1 - faha. 
Linear binding to plasma proteins and cell membranes may occur 


in the extracellular compartment, giving xl = BtC1 and XI = BZCY 
so that: 


41 = ui + (1 - /I)BIlCl = +lCl (Eq. 9) 


Q, = MI o%l. 10) 


The previous equations can be simplified by assuming that the linear 
protein binding terms in all compartments are smalP. Then BI, 81, 
Br = O;/I , fr , fr  = 1 ; and +1, +z, 6: = 1. From Eqs. 8-10. the total 
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Figure 2- Distribution of methotrexate between plasma and bone 
marrow of the rat at severaldoses. 


The binding of methotrexate to rat plasma is about I5 %. 


concentration in each compartment is now: 


(Eq. 11) 41 = Cl 


Q, - c2 03.12)  


(Eq. 13) 


Transport-It is assumed that the rate of transport, (],4)1,, is very 
fast, i.e., very rapid equilibration across the capillary membrane 
so that plasma leaving the compartment and interstitial fluid have 
the same concentration at all times: Cl = CZ = C. and Ca = Cf, 
where the subscripts e and i refer to extracellular and intracellular, 
respectively. Let: 


Equation 14 describes saturable transport (first two terms on right- 
hand side) occurring in parallel with passive transport (third term). 
The transport parameters k (maximum facilitated rate) and b 
(passive permeability) are arbitrarily based on a unit volume or 
weight of tissue. The Michaelis constant for transport is K. Equa- 
tion 14 incorporates the assumption that the facilitated transport is 
symmetric in the sense that k. = ki = k and K. = Kf = K. 


If one adds balance Eqs. 3 and 4 and uses Eqs. 11 and 12 with 
Cl CY 3 C8 and V. = Vl + V?, one gets: 


V,dc. = Q(C, - C.) - (jA)sa 
dt 


Inserting Eq. 13 for 41 into balance Eq. 5 with Ca = Cf and carrying 
out the appropriate differentiation give Eq. 16, explicit in free intra- 
cellular concentration Ci: 


Equations 14-16 are the working forms of the equations used for 
computation. They require estimates of the extracellular and intra- 
cellular volumes (V ,  and Vf),  the plasma flow rate to the compart- 
ment (Q), the transport parameters (k ,  K, and b), and the binding 
constants (ti and at'). 


RESULTS 


Table I lists the model parameters used for simulation of plasma 
and tissue concentrations in the rat. They include those from a 
previous study (19) with a few exceptions: (a) there was no requue- 
ment for gut-lumen parameters in the anesthetized bile-cannulated 
rat, (6 )  clearance of methotrexate by the kidney was increased by 
the anesthesia so that the kidney clearance as defined by Eq. 1 was 
found to be 2.0 ml./min., (c) the bile secretion values were revised 
on the basis of data from the current study, and (d) binding con- 
stants in the GI tract were replaced by a more complete model of 
transport and binding in the small intestine. 


Vol. 62, No. 6, June 1973 0 885 







lntracellular I\/ 
t v  Tissue Average 


0.01 


0.001 


0 20 40 60 80 100 120 140 
MINUTES 


(a) 


I 10 


20 40 60 80 100 120 140 
MINUTES 


( b )  


Figure 3-Simulatedplasma concentration and concentrations and transmembrane transport rate of methotrexate in bone marrow of rat. Shaded 
bar represents strong binding capacity, presumably dihydrofolate reductase, micrograms methotrexate per milliliter cell contents. I t  is assumed 
canstant for the duration of the experiment. Key: (a), 0.0s mg./kg. i.v.; and(b), 2.5 mg.lkg. i.0. ICF = intracelluiarfluid. 


As discussed previously, additional parameters were required to 
describe saturable transport and binding in the bone marrow, the 
spleen, and the small intestine and to incorporate a skin compart- 
ment. Plasma flow and volume of the skin, the spleen, and the bone 
marrow were obtained from the literature as documented in the 
table. Parameters not discussed in the previous work (19) include 
V,, V,, k ,  K, b, and at‘ in the compartments exhibiting timedepen- 
dent uptake. These were obtained from the data to simulate the 
measured time course of drug concentration in these compartments 
as discussed below. 


Extracellular Volume (V,)-This was first based on the tissue to 
plasma concentration ratio for inulin after a pulse injection. A 
better second estimate was obtained from tissue to plasma metho- 
trexate ratios obtained at  short times following the highest dose. 
Because of transport saturation under these conditions, intracellu- 
lar drug appears to comprise a very small fraction of measured 
drug. The methotrexate extracellular “space” of 20% in the bone 
marrow is slightly greater than the 15% observed for inulin, a find- 
ing consistent with observations on muscle. 


Intracellular Volume ( V J -  V, = V - V,. 
Membrane Trensport Parameters (k, K, b)-There was propor- 


tionality between the amount of drug in a tissue and dose (and 
area under the plasma concentration curve) a t  the two lowest 
doses. This suggests a linear transport. For a dose that does not 
saturate the dihydrofolate reductase in the cells, efflux is negligible. 
Then, from Eq. 14, with b = 0: 


and for C, << K: 


The amount in the cells at any time, t ,  is: 


(Eq. 18) 


(Eq. 19) 


Since C, = Cp. this equation provides a first estimate of the ratio 
k / K .  The data on tissue uptake versus time could then be simulated 
within the context of the model to give a more precise estimate of 
k / K  and of K from the data at higher doses when saturation of the 
transport process occurred. It was not necessary to use a finite value 
of the permeability to passive diffusion, b; however, a very small  
value cannot be ruled out on the basis of the data. 
Intracellular Binding Constant (a)-Following doses thought 


sufficient to saturate the intracellular dihydrofolate reductase, the 
tissue concentration at longer times remained nearly constant after 
correction for extracellular drugs. This provided an initial estimate 
of a’. Inspection of numerous simulations provided a better esti- 
mate. 


The dissociation constant (q) for the. dihydrofolate reductase- 
methotrexate complex was estimated from in vitro data of Werk- 
heiser (27) as discussed previously (19). 


Following a pulse intravenous injection of methotrexate, the 
plasma concentration decreases very rapidly for a few minutes, fol- 
lowed by a longer and slower exponential phase which results when 
the bile is diverted, since no significant intestinal reabsorption 
occurs. A dynamic and complex set of events occurs in those tissues 
that have a significant membrane resistance. Figures 3a and 36 
illustrate these events for bone marrow at  two different doses as 
interpreted by the model. 


At 0.05 mg./kg. (Fig. 3 4 ,  the predicted extracellular concentra- 
tion peaks very rapidly and then closely follows the predicted 
plasma concentration. Drug enters the intracellular compartment 
through the cell membranes; however, there is insufficient transport 
to saturate all the intracellular dihydrofolate reductase. The total 
marrow concentration is a weighted average of the extracellular and 
intracellular compartments. Since e is of the order of 10-11 M or less 
(n), the free intracellular concentration remains near zero as long 
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as free dihydrofolate reductase is available. Therefore, influx of 
methotrexate can occur even after the plasma concentration is less 
than the total intracellular concentration. It is sufficiently slow dur- 


ing this time interval, however, that the measured marrow concen- 
tration remains about constant. 


Following a dose of 2.5 mg./kg. (Fig. 3b), the simulated intra- 
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MINUTES 


cellular events are somewhat different. There is sufficient entry of 
drug by about 20 min. to saturate the dihydrofolate reductase. At 
this time, there is an abrupt rise in free intracellular drug concen- 
tration, Efflux of drug occurs beyond 75 min. since the free intra- 
cellular drug concentration exceeds the extracellular concentration 
which is constantly decreasing with plasma. It is apparent that total 
tissue concentration is not a valid measure of intracellular drug 
at all times. Most of the measured drug is located extracellularly 
at the termination of a short experiment. In fact, washout of drug 
with plasma from the extracellular space makes the measured tissue 
concentration decrease rapidly during an early phase, even though 
there is actually uptake by the cells. 


Figures 4u-4dcompare model simulations with experimental data 
for bone marrow at  four doses, ranging from 0.05 to 25 mg./kg. 
for time periods up to 2 hr. Both the shape of the bone marrow 
curves and their position with respect to the plasma curves change. 
There is a systematic variation from a relatively flat shape at  the 
lowest dose to one exhibiting a pronounced decrease with time at 
the highest dose. The plasma concentration is approximately pro- 
portional to dose at all times, consistent with earlier observations 
(28); however, the measured marrow concentration is not. There is 
approximate proportionality in the marrow for a few minutes, 
which reflects the dominant role of extracellular fluid concentra- 
tion. At longer times, increasing the dose by a factor of 5 from 0.05 
to 0.25 mg./kg. increases the marrow concentration from 0.02 to 
0.1 mcg./g., also a factor of 5. Since the plasma and extracellular 
concentrations are much lower than the total marrow concentra- 
tion, these values represent intracellular drug. Further increases in 
dose to 2.5 and 25 mg./kg. do not result in proportional increases 
in marrow concentrations at long times. This behavior strongly 
suggests a saturable transport process. Symmetric transmembrane- 
facilitated diffusion with no significant passive component (Eq. 
14) gave a satisfactory simulation of the data. The maximum facili- 
tated rate ( k ) ,  the Michaelis constant (K), and the methotrexate 
equivalent of intracellular dihydrofolate reductase (a’) are given in 
Table I. 
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Figure 6-Awrage concenrrations of methotrexare in small intestine 
of rat with bile diverted. Solid lines represent model simulations. Each 
darapoint H~U.S obtained from a single rat. 


Figures 5 and 6 compare tissue concentrations in the spleen and 
smal l  intestine with model simulations following the same four 
doses. The same qualitative picture exists. It may be explained by 
the general considerations discussed with Figs. 3a and 36. Satis- 
factory transport and binding parameters are listed in Table 1. 
These are similar for all three tissues. 


DISCUSSION 


A rather complex model was required to explain the observations 
concerning the pharmacokinetics of methotrexate in several tissues 
critical to its toxicity. Part of the complexity arose from the desire 
to simulate in oivo processes with changing plasma concentrations 
that occur after a single dose. This situation contrasts with studies 
in oitro, which have consistently been conducted at  constant medium 
concentrations. The basic model was derived from earlier work 
which was shown to simulate adequately the concentrations in 
plasma and a number of tissues. The large number of parameters 
required are mostly physiological, anatomical, or physicochemical. 
The additional complexity involved the incorporation of saturable 
transport between extracellular and intracellular compartments in 
certain tissues. Other tissues are still satisfactorily simulated by a 
lumped, single compartment and flow-limited conditions. 


A detailed analysis of the sensitivity of the model to each parame- 
ter was not undertaken. The model was perturbed by varying a 
number of parameters individually, and simulations were made to 
illustrate its behavior. 


Figure 7 shows the necessity for saturability of the transport. 
If Eq. 14 is written: 


it describes transport that is linear in free concentration at all doses. 
The simulation is satisfactory at the lowest dose, since the plasma 
concentration is much less than the in oioo K, and essential linearity 
exists. At the higher doses, there is a systematic and serious devia- 
tion from the data and previous simulations. 


For sufficiently high cell permeability, blood flow to a compart- 
ment becomes the limiting factor for drug transport. Figure 8 
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Figure 1-Comparison of model simulation of linear and saturable 
transport in bone marrow at sewrol doses. The dashed lines represent 
the model simulations for linear transport to the intracellular com- 
partment of bone marrow as described by Q. 20. The solid lines repre- 
sent model siniulatioiu with saturable transport (Eq. 14). 


illustrates the results for a model simulation of bone marrow for 
this flow-limited case. There are very large deviations from previous 
simulations. Membrane resistance is significant if the permeability 
( k / K )  for linear transport is much smaller than the tissue perfusion 
(29). For the bone marrow: 


which is much less than the plasma flow rate per unit volume: 


f = 0.16 m h - 1  (Eq. 22) 


Comparable values for the other tissues are: spleen, ( k / K )  = 0.0082 
min.-', (Q/V, = 3.3 min.-'; and small intestine, (k /K)  = 0.031 
An.-', ( Q / V >  = 0.48 min.-'. 


The plasma flow rates to the bone marrow, the spleen, and the 
small intestine are estimates based on the literature already cited. 
No attempt was made to measure these parameters under the actual 
conditions of anesthesia used in these experiments. The type and 
duration of anesthesia may have some effect on blood flow to these 
tissues ; however, the calculated values of the transport parameters 
k and K are not highly sensitive to blood flow in very well-perfused 
tissues. Any possible effect of anesthesia on k or K is unknown. 


As a final simulation, the strong binding parameter, a'. for bone 
marrow was changed from 0.2 mcg./g. to zero or 2.0 mcg./g. The 
resulting marrow concentrations are compared with previous simu- 
lations in Fig. 9. The high level of binding does not d e c t  the results 
a t  the two lowest doses, since the dihydrofolate reductase would not 
be expected to saturate a t  0.2 mcg./g. methotrexate equivalent so 
that free intracellular concentration remains near zero. The higher 
value of a' shows a marked effect at the highest dose, because the 
drug that enters the cell is effectively trapped and is not free to be 
transported out during the experiment. Setting a' equal to zero has 
a profound effect a t  the low doses, because now intracellular drug 
can be transported out rather than remain bound to the intracellu- 
lar enzyme. 
NO valid comparison can be made at  present between the strong 


binding parameter and some independent measure of dihydrofolate 
reductase content. For reference, strong binding in mouse and rat 
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Figure 8-Eflect of aery high permeability (flow limitation) on model 
simulations in bone marrow at two doses. The dashed lines represent 
bone marrow modeled as an equilibrium. flow-limited compartment. 
The solid lines represent model simulations with saturable transprt. 


kidney and liver is in the range of 0.3-0.5 mcg./g. of tissue in a i m  
Attempts to extract the dihydrofolate reductase and quantitate it 
in oitro would raise questions about both recovery and activity in 
the intracellular environment. The spleen, the bone marrow, and 
the small intestine were assayed for methotrexate for up to 2 days 
following doses of 2.5 and 25 mg./kg. to obtain independent data on 
strong binding in these tissues. At the lower dose, the amount of 
strong binding observed experimentally was approximately the 
same as the strong binding parameter used in the model, although 
significant scatter of the data was observed. Agreement was poor 
after the higher dose. and the scatter was much worse. These long 
time data are not proper validation of the strong binding at short 
times, because there can be significant synthesis of new enzyme and 
loss of drug-bound enzyme due to cell turnover on a time scale of 
2 days. This problem is even more acute following the administra- 
tion of a cytotoxic drug, which has been shown to induce cell 
death and increase enzyme activity (30, 31). 


The transport process was modeled as symmetric facilitated dif- 
fusion (Eq. 14 with b = 0). The data in oioo do not permit a rigorous 
assertion that the efflux parameters k and K are identical to the 
corresponding influx parameters. Goldman et al. (1 1) reported 
different values for the influx and efflux processes in the L-1210 
cell in oitro. Neither do the data prove that b cannot be a small 
positive number so that passive diffusion may  be a factor at very 
high doses. 


The Michaelis constants obtained during this work in oioo range 
from 0.45 mcg./ml. (small intestine) to 1.1 mcg./ml. (spleen). This 
narrow range implies that the transport mechanism may be the 
same for all three tissues. In fact, the values are very similar to 
those observed during in oitro experiments with a number of cell 
lines: 0.20-0.59 mcg./ml. for three lines of L-1210 leukemia (91, 
1.8 mcg./ml. for entry of methotrexate into L-1210 cells (lo), and 
0.9 mcg./ml. for entry of methotrexate into rabbit reticulocytes 
(17). 


The concepts incorporated in this model are necessary to eluci- 
date transport processes occurring in uioo. Blood flow, saturable 
membrane transport, and complex binding can be examined jointly, 
and the effect of any one can be interpreted within a formal and 
operational context. 
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Figure 9-Effect of change in dihydrofolate reductase content, a‘ 
(micrograms methotrexate equivalent per milliliter cell contents), on 
model simulations in bone marmw of rat. Key: - - -, a’ = 0; -*-, 
a’ = 2; and-, a’ -0.2. 


While the several concepts are necessary, they may not always 
be sufficient. The model compartments are considered uniform in 
their description and behavior. No attempt was made to incorpo- 
rate nonuniformities in flow. Neither was the problem of intratissue 
variations in the thermodynamics of binding or kinetic characteris- 
tics addressed explicitly. All of the tissues in which significant mem- 
brane limitation to transport was observed are microscopically 
heterogeneous. Bone marrow, for example, contains a variety of 
cell types in various stages of differentiation and maturity. It is 
probable that this distribution is accompanied by a distribution in 
numerous biochemical characteristics of the cells so that trans- 
membrane transport rates and details of binding vary among the 
cells. Measured parameters, thus, are averages. They should not 
be assumed to be appropriate for every cell or even cell type within 
a tissue. Nevertheless, they can provide substantial pharmacokinetic 
insight and estimates of average local environment a t  appropriate 
biochemical sites of action. 
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means and that an anticholinergic drug can increase appreciably the 
bioavailability of such a substance. 
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Effect of Various Steroids and ACTH on 
Plasma Levels of Zoxazolamine and Dicumarol 


P. KOUROUNAKIS’, S. SZABO*, J. WERRINGLOERt, and H. SELYE 


Abstract 0 Comparative experiments were performed on rats 
given pregnenolone-I&-carbonitrile, estradiol, progesterone, tri- 
amcinolone, hydroxydione, or ACTH (corticotropin) to study 
correlations between the it, cico conditioning effects upon resistance 
to zoxazolamine and dicumarol and the plasma concentrations of 
these drugs. The conditioners were classified as catatoxic when a 
decrease in toxicity was associated with increased blood clearance 
of the drug, and they were classified as syntoxic when in oiuo pro- 
tection was accomplished without a simultaneous fall in the plasma 
drug level. With these criteria, pregnenolone-l &-carbonitrile was 
markedly protective and catatoxic whereas triamcinolone and ACTH 
were moderately protective and syntoxic against zoxazolamine. 
The remaining steroids elicited very mild changes in zoxazolamine 
paralysis and blood clearance. Of all the conditioners tested, only 
estradiol protected against dicumarol intoxication and accelerated 
plasma clearance of this drug. Hence, only estradiol exhibited a 
manifest catatoxic effect against this anticoagulant. 


Keyphrases 0 Steroids (pregnenolone-1 Q-carbonitrile, estradiol. 
progesterone, triamcinolone, and hydroxydione)-effect on plasma 
levels of zoxazolamine and dicumarol 0 AC’IH-effect on plasma 
levels of zoxazolamine and dicumarol 0 Zoxazolamine, plasma 
levels-effect of various steroids and ACTH, resistanceplasma 
concentration correlations Dicumarol, plasma levels-effect 
of various steroids and ACTH, resistanceplasma concentration 
correlations 


It is well known that certain pharmacological agents, 
including steroidal hormones, can reduce the biological 
half-life of others by the induction of drug-metabolizing 
enzymes ( I ) .  During the past few decades, numerous 
observations have confirmed that, in addition to their 
classic hormonal functions as regulators of reproduction 
and general metabolism, steroids also play a decisive 
role in determining the resistance of the body against 
the most varied types of injury (2). These adaptive ste- 


roids can be classified according to their mechanism of 
action into two main groups: (a) “syntoxic” steroids, 
which improve host-tissue tolerance by permitting co- 
existence with the substrate (e.g., by suppressing non- 
specific inflammatory or allergic reactions against it); 
and (b) “catatoxic” steroids, which enhance the de- 
toxication of endogenous and exogenous toxicants oiu 
induction, activation, decreased degradation of drug- 
metabolizing enzymes, and/or accelerated substrate 
elimination from the body. To obtain the best catatoxic 
effect, the steroids are usually administered 2-3 days 
before the toxicant. However, recent findings (3) indi- 
cate that even posttreatment facilitates protection 
against certain intoxications. 


Systematic studies (2, 4) in these laboratories re- 
vealed that, among more than 1200 steroids tested, 
pregnenolone-16a-carbonitrile and its close derivatives 
exert the greatest prophylactic effect in oioo. Biochem- 
ical investigations ( 5 )  on rats showed that pregnenolone- 
16a-carbonitrile stimulates catatoxic mechanisms. On 
the other hand, steroids such as estradiol protect 
in oioo only against a limited number of drugs, and it is 
not known whether their actions are syntoxic or cata- 
toxic (6,7). 


In  view of these observations, an attempt was made 
to investigate the correlation between the in oioo effects 
of steroids and the plasma concentrations of zoxazol- 
amine and dicumarol after treatment with pregnenolone- 
I6a-carbonitrile, estradiol, triamcinolone, progesterone, 
hydroxydione, or ACTH. The steroids were selected on 
the basis that the syntoxic effects are virtually limited to 
glucocorticoids, whereas the catatoxic properties ap- 
pear to be independent of any other known steroid 
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Table I-Effect of Various Steroids and ACTH upon Plasma Level of Zoxazolamine 


-Plasma Concentration of Zoxazolamine, mcg./ml.- 
Conditioned0 Conditioned 


-Paralysis Time, min.- 


Conditioner Animals Control I* Control 110 Animals Control I1 


Pregnenolone-16~- 26.5 f 0.7 41.4 f 1.3 ***d 28.1 f 2.0 NS 19 f 1 *** 115 f 17 


203 f 29 
( 5 )  


24.7 f 1.8 NS 
(16) 


3 0 . 5  f 1.1 *** Estradiol 25.3 f 0.7 


Progesterone 22.0 f 1 123 f 15 NS 1OOf 3 
(7) 


25.1 f 1 . 6 N S  27.5 f 0.7 *** 
130 f 6 


(4) 
26.2 f 1.1 *** (15) 


31.1 f 1.4' Triamcinolone 35.0 f 0.9 


252 f 24 
(16) (9) 


Hydroxydione 28.7 f 0.7 33.0 f 1 . 6 *  26.4 f 1.2 NS 


ACTH 32.6 f 0.9 111 f 8 *** 160* 10 
(6) 


27.0 0.8 *** (18) 
34.8 f 0 . 8  NS 


(17) (19) ( 10) 


166 f 10 NS 
carbonitrile (18). 


(14) (15) 


89 f 8 *** (16) 


(20) 
188 f 9 


(17) 


0 Killed when the righting reflex was regained. b Killed when the conditioned group regained the righting reflex. c Figures in parentheses indicate 
number of animals. d The plasma levels of zoxazolamine in Controls I and I1 are compared with the plasma concentrations of the drug in the condi- 
tioned rats: * = p < 0.05, ** = p < 0.01, ***  = p < 0.005, and NS = not significant. 


hormone action. ACTH protects against several toxic 
compounds (8); hence, it was used in this experimental 
series to stimulate endogenous glucocorticoid secre- 
tion. 


EXPERIMENTAL 


Two series of experiments were performed on female ARS/ 
Sprague-Dawley rats', averaging 100 g. (range 90-1 10 g.) and main- 
tained udlibitunt on laboratory food' and tap water. 


In the zoxazolamine series, the animals were divided into three 
groups, of which the first and second received 1 ml. of water twice 
daily per os. The rats of the remaining group were given pregneno- 
lone-16a-carbonitrile3 (3~-hydroxy-20-oxo-Spregnene-16a-carbo- 
nitrile), estradiol', progesterone', hydroxydione hemisuccinates, 
triamcinoloneg (I0 mg. in 1 ml. water twice daily per os), or ACTH7 
( 5  I.U. in0.2 ml. water three times daily subcutaneously) throughout 
the experiment. Zoxazolaminea (10 mg./100 g. body weight in 1 ml. 
water) was administered intraperitoneally to all groups on the 4th 
day, 1 hr. after the last pretreatment. Blood samples were taken 
from control (Group 1) and conditioned (Group 111) animals when 
the latter regained the righting reflex. Samples were removed from 
Group I I  when their righting reflex reappeared. 


In the dicumarol series, the animals were divided into four groups, 
of which the first two received 1 ml. of water twice daily per 0s. 
The remaining two groups were given the conditioners as described. 
Only triamcinolone was administered at the individual dose of 1 
mg. because of its toxicity a t  a higher dose level during 4 days of 
pretreatment plus 5 days of treatment. DicumaroP (13 mg./100 g. 
body weight in 1 ml. water per os) was given once daily to all groups 
beginning on the 4th day, always 1 hr. after the tirst daily dose of 
the conditioners. Blood samples were taken from Groups I and Il l  
on the 7th day, 5 hr. after dicumarol treatment. Mortality was 
recorded in the remaining two groups on the 9th day. 


Zoxazolamine was extracted from plasma into ethylene dichlo- 
ride and from the organic solvent into hydrochloric acid. The 
plasma concentration of the drug was measured spectrophoto- 
metrically at 278 nm., where it exhibits a pronounced absorption 
maximum (9). Dicumarol was extracted from acidified plasma into 
heptane and from heptane into a sodium hydroxide solution. The 
drug concentration was determined spectrophotometrically a t  3 15 
nm. (10). All measurements were performed with a spectropho- 
tometer lo. Drug-free plasma from conditioned and nonconditioned 
animals was used for preparing standards and blank. 


1 Madison, Wis. 
2 Purina Laboratory Chow, Ralston Purina Co. of Canada. 
3 The Uoiohn Co. 
4 Roussiicorp. ' Pfizer Laboratories. 
6E. R. Squibb & Sons. 
7 N. V. Organon. 


K & K Laboratorjes. 
9 Abbott Laboratories. 


lo Unicam SP 8OOO. 


RESULTS AND DISCUSSION 


These experiments were performed to establish whether the pro- 
tection offered by a steroid or ACTH is due to a catatoxic or syn- 
toxic effect, i.e., to the enhanced elimination of, or increased toler- 
ance to, zoxazolamine and dicumarol. 


The plasma levels of zoxazolamine were compared in control and 
conditioned animals when the latter regained the righting reflex 
as well as when paralysis disappeared in both groups. 


The following changes in plasma drug concentrations were re- 
garded as characteristic of protection through catatoxic or syn- 
toxic mechanisms: 


1. The zoxazolamine concentration in the blood of conditioned 
animals was lower than that of the controls at the time when the 
former regained the righting reflex; it corresponded to the level in 
control Group I 1  when paralysis disappeared in these rats. 


This characteristic catatoxic pattern was clearly exhibited by 
pregnenolone-l6a-carbonitrile. The duration of zoxazolamine- 
induced paralysis was shortened from I I5 to 20 min. and the plasma 
drug concentration decreased from 41 to 26 mcg./ml. as  compared 
with the controls when the righting reflex reappeared in the former. 
A similar concentration (28 mcg./ml.) was noted in the controls 
that were sacrificed when they regained the righting reflex. 


2. If a steroid acts syntoxically, the plasma levels of zoxazolamine 
should be higher in the pretreated rats than in control Group I 1  
when paralysis disappears in both groups. On the other hand, the 
blood levels of the drug should be the same in both the conditioned 
and control Group I when blood samples are taken from the contli- 
tioned rats after they regain the righting reflex. 


Triamcinolone and ACTH reduced zoxazolamine paralysis from 
130 to 89 and from 160 to 11 I min., respectively. This reduction 
took place although the plasma levels of the drug in the conditioned 
rats were significantly higher than in the controls when both groups 
regained the righting reflex (Table I). 


When paralysis disappeared, the plasma concentrations of zoxa- 
zolamine in the estradiol- or hydroxydione-treated rats were slightly 
lower than in the controls killed at the same time. However, the 
plasma drug levels in the conditioned groups were not significantly 
different from those in the controls sacrificed when they regained 
the righting reflex. Since paralysis was slightly reduced, these two 
steroids seem to have a mild catatoxic effect. 


The action of progesterone on the plasma concentration of 
zoxazolamine was comparable to that of estradiol and hydroxy- 
dione. Although paralysis was prolonged by this steroid, the ap- 
parent difference was not significant. This discrepancy may be at- 
tributed to the anesthetic properties of progesterone, administered 
1 hr. before zoxazolamine. 


The plasma level of dicumarol was influenced by the steroids 
in three different ways (Table 11). The iu uioo protection offered by 
estradiol was associated with a significant decrease in the plasma 
drug concentration. Triamcinolone and progesterone, on the other 
hand, markedly elevated the plasma level of dicumarol as compared 
with the concentration of the drug in nonconditioned rats. The 
increased plasma drug concentration after pretreatment (e.g., with 
triamcinolone or progesterone) might have been due to inhibition 
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Table II-EfTect of Various Steroids and ACTH upon Plasma Level of Dicumarol 


-Plasma Concentration of Dicumarola, mcg./ml.- Mor tali ty6 
Conditioner Conditioned Animals Control Conditioned Animals Control 


Pregnenolone-l6a- 
carbonitrile 


Estradiol 


Progesterone 


Triamcinolone 


Hydroxydione 


ACTH 


19.4 f 1.5 NS 
(17Y 
13.7 f 1.5 ***d 
(18) 


43.3 f 2.9 *** 


18.6 f 2.2 
(17) 
26.6 f 2 
(18) 
31.1 f 2.3 
(11) 
19.3 f 2.6 


(7) 
20.6 f 3.3 


2S.i f 2.8 
(17) 


~~ 


9/10 NS 719. 


1/10 *** 719 


9/10 NS 9/10 


loll0 NS 719. 


12/15 NS 11/15 


619 NS 8/10 


a Determined on the 7th day, 5 hr. after dicumarol treatment. * Recorded on the 9th day. 0 Figures in parentheses indicate number of animals. 
d ** = p < 0.01, *** = p < 0.005, and NS = not significant. a Cf. Reference 5. 


of the hepatic microsomal enzyme system responsible for the 
metabolism of these steroids (1, 11, 12). The mortality rates were 
comparable in the control and pretreated groups. Pregnenolone- 
16crcarbonitrile, hydroxydione, and ACTH, which also did not 
offer in uiro protection, did not markedly influence the plasma con- 
centration of dicumarol. Hence, only estradiol demonstrated a 
significant catatoxic effect against dicumarol intoxication. 


The results of these investigations indicate that steroids can oKer 
protection against drugs through syntoxic or catatoxic mechanisms. 
The catatoxic effect is not dependent upon any particular hormonal 
activity whereas the syntoxic action is limited to triamcinolone, a 
glucocorticoid, and to ACTH, a stimulator of endogenous gluco- 
corticoid secretion. Most of the catatoxic actions of steroids, par- 
ticularly those of pregnenol0ne-I6~-carbonitrile, are mediated 
through enhanced hepatic microsomal enzyme activity. Since zox- 
azolamine is a substrate of this system, there is little doubt that the 
blood levels are lowered and paralysis time reduced through in- 
creased hydroxylation of this drug ( I  3). However, pregnenolone-16~ 
carbonitrile does not act against dicumarol, which is known to 
be detoxified through microsomal hydroxylation (14). 


The catatoxic effect of estradiol against dicumarol is uncommon; 
it codd be attributed to the fact that this steroid induces drug- 
metabolizing enzymes in female but not in male rats ( I  5-1 8). The in- 
fluence of triamcinolone and ACTH on zoxazolamine paralysis is 
even moredifficult toexplain. It may be due toreduced receptor sensi- 
tivity, altered drug distribution in the body, decreased substrate 
excretion, or interactions at receptor sites. Future work will have to 
clarify whether these factors play decisive roles in diminishing 
zoxazolamine paralysis. 


REFERENCES 


( 1 )  A. H. Conney, Pharmacol. Reu., 19, 317(1967). 
(2) H. Selye, “Hormones and Resistance,” Springer-Verlag, 


(3) H. Selye, Erperientia, 27, 1445(1971). 
(4) H. Selye,J. Pharm. Sci., 60, l(1971). 
( 5 )  B. Solymoss, J. Werringloer, and S. Toth, Steroids. 17, 427 


(6) H. %lye. Horm. Behav., 2, 337( 1972). 
(7) H. Selye and S. Szabo, Yox. Sang., 22,229(1972). 


Heidelberg. West Germany, 197 I .  


(1971). 


(8) S. Szabo, P. Kourounakis, J. Werringloer, and H. Selye, 


(9) J.  J. Burns, T. F. Yii, L. Berger, and A. B. Gutman, Amer. 


(10) J. Axelrod, J. R. Cooper, and B. B. Brodie, Proc. Soc. Exp. 


(11) L.F.SoykaandR.J.Long,Fed.Proc.,30,281(1971). 
(12) G. J. Mannering, in “Handbook of Experimental Phar- 


macology,” part 2, B. B. Brodie and J. R. Gillette, Eds., Springer- 
Verlag, Heidelberg, West Germany, 1971, p. 452. 


(13) A. Trevor, in “Fundamentals of Drug Metabolismand Drug 
Disposition,” B. N. La Du, H. G. Mandel, and E. L. Way, Eds.. 
Williams & Wilkins, Baltimore, Md., IY71, p. 591. 


(14) J. J. Burns, in ibid., p. 340. 
(15) K. P. DuBois and F. Kinoshita, Arch. h i t .  Pharmuccdyn. 


Ther., 156,418(1965). 
(16) G. P. Quinn, J. Axelrod, and B. B. Brodie, Biochem. Phar- 


macol., 1, 152(1958). 
(17) J. K. Inscoe and J. Axelrod, J. Pharmacol. Exp. Ther., 129, 


128( 1960). 
(18) W. Klinger, A. Neugebauer, F. K. Splinter, K. H. Chem- 


nitius, D. Baner, R. Ernst, and E. Karge, Biochcm. Pharmacol.. 19, 
2677( 1970). 


Ann. ACFAS, 38, 57(1971). 


J. Med., 25,40l( 1958). 


Biol. Med., 70,693(1949). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 17, 1972, from the lnstitute de Midecine et de 
Chirurxie Exp.?rimentales, Universit6 de Moritr;al, Montreal 101, 
Quebec, Canada. 


Accepted for publication September 27, 1972. 
Supported in part by the Medical Research Council of Canada 


(Block Term Grant MT-1829); the Ministkre des Affaires Sociales, 
Quebec; the Quebec Heart Foundation; and the Succession J. A. 
DeSve. 


The authors thank the companies listed in the Experimental 
section for the compounds used in these investigations. The tech- 
nical assistance of Miss J-A. Phaneuf is gratefully acknowledged. 


* Fellow of the Medical Research Council of Canada. 
t Present address: Biochemistry Department, University of 


A To whom inquiries should be directed. 
Texas, Southwestern Medical School at Dallas, Dallas, TX 75235 


692 0 Journal of Pharmaceutical Sciences 








Biological and Phytochemical Evaluation of Plants XI: 
Isolation of Aspidospermine, Quebrachidine, Rhazinilam, 
( - ) -Pyrifolidine, and Akuammidine from 
Aspidosperm quebracho- blanco (Apocynaceae) 


R. L. LYON, H. H. S. FONG', N. R. FARNSWORTH, and G. H. SVOBODA* 


Abstract 0 A phytochemical investigation of the leaves of Aspido- 
spermu quebrucho-blunco (Apocynaceae) resulted in the isolation of 
rhazinilam, a new nonindole lactam alkaloid, in addition to the 
known bases, aspidospermine, quebrachidine, ( ->pyrifolidine, and 
akuammidine. Aspidospermine and quebrachidine were the major 
leaf alkaloids. Akuammidine and (-kpyrifolidine were isolated 
from the leaves for the first time, and the isolation of the latter com- 
pound confirms its natural Occurrence in this plant. 


Key phrasea 0 Aspidosperrnu quebmcho-blunco leaves-isolation, 
identification of aspidospermine, quebrachidine, rhazinilam, (-)- 
pyrifolidine, akuammidine 0 Rhazinilam-new nonindole lactam 
alkaloid isolated from Aspidosperm qucbrucho-blunco 0 Akuam- 
midine-isolated from leaves of Aspidospermu quebrucho-blunco 0 
( - )-Pyrifolidine-isolated from leaves of Aspidosperm quebrucho- 
blunco 0 Quebrachidine-major leaf alkaloid in Aspidospermu 
quebrucho-blunco 0 Medicinal plants-isolation, identification of 
constituents from Aspidosperrnu quebracho-blanco 


Aspidosperma or quebracho, a drug composed of the 
bark of Aspidosperma quebracho-blanco Schlecht. (Apo- 
cynaceae), has been employed in Argentine and Chilean 
folk medicine for the treatment of fever, especially as an 
antiperiodic (1-3). The drug was included in USP V11 
and 1X as well as in N F  111, and the powdered drug, as 
well as the fluidextract and other extractives, was em- 
ployed at the turn of the century as a remedy in cardiac 
and asthmatic dyspnea. It is said to be valuable,as a res- 
piratory stimulant in cases of emphysema, bronchitis, 
chronic pneumonia, and other pulmonary dysfunctions 
(3). The fluidextract of this drug is still commercially 
available *. 


DISCUSSION 


Since the isolation of aspidospermine from A. quebrucho-blanco 
by Fraude (l), in 1878, more than 25 alkaloids have been isolated or 
detected as constituents of the bark of this plant (1, 2, 4-11). The 
compounds so identified to date include: aspidospermine (1, 2, 4, 
7,8), aspidosamine (4), aspidospermatine (4,7.8). hypoquebrachine 
(4). quebrachamine (4. 7, 8), quebrachine (yohimbine) (5, 7, 8), 
quebrachacidine (6), deacetylaspidospermine (7, 8). N.-methyl- 
deacetylaspidospermine (7, 8). (- )-pyrifolidine (7. 8), N.,-acetyl- 
aspidospermatidine (8), aspidospermatidine (8). aspidospermidine 
(8), deacetylaspidospermatine (8), deacetylpyrifolidine (8), 1,2-de 
hydroaspidospermidine (8), 14.19-dihydroaspidospermatine (8). 
eburnamenine (8), No-methylaspidospermatidine (8), l-methyl- 
aspidospermidine (8), 12-methoxyaspidospermatidine (8), ebur- 
namonine (9), rhazidigenine &-oxide (10). rhazidine (1 I), and 
akuammidine (1 1). Additional nonalkaloid constituents of the bark 
have been identified as the triterpenes lupeol and a-amyrin (12). 


The pharmacological actions of the quebracho alkaloids have been 
reported by a number of investigators. Aspidospermine, aspido- 
samine, quebrachine, and quebrachamine have been shown to be 


1 Fluidextract quebracho bark USP IX (aspidospermatis). Shenvood 
Laboratories, Cleveland, Ohio. 
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hypotensive (13). Quebrachamine and yohimbine have also bem 
found to be sympatholytic agents (14). Aspidospermhe has been 
reported to possess diuretic, peripheral vasoconstrictor, arterial 
hypertensive (1 5), respiratory stimulant (15,16), and uterine sedative 
(16) actions, as well as having an inhibitory effect on the growth 
and mitosis of chicken heart fibroblasts (17). Pharmacological 
actions of akuammidine include local anesthetic (18). intestinal 
spasmogenic (19). hypotensive (20, 21), skeletal muscle relaxant, 
and sedative (21). 


Although phytochemical and pharmacological studies on the bark 
of A. quebruchu-blunco have been extensive, investigations of the 
leaves are limited to a single report describing the isolation of as- 
pidospermine and qwbrachidine (22). The latter alkaloid has been 
reported to be a psychosedative and adrenergic blocking agent (23). 


In view of the limited studies on the alkaloids of the leaves and the 
large number of pharmacologically interesting alkaloids found in 
the bark of this plant, the current study was initiated in an attempt 
to isolate new biologically active alkaloids. 


EXPERIMENTAL' 


Extraction and Separatioa of Alkaloid Fractions-Fifty-five 
kilograms of dried, milled leaves of A. quebrucho-blanco was ex- 
tracted by percolation, using 350 1. of methanol. In umuo concentra- 
tion of the percolate resulted in a separation of 1.14 kg. of non- 
alkaloid precipitate, which was removed by filtration; the filtrate 
was then mixed with 14 1. of 5 %  acetic acid. Removal of the meth- 
anol from the mixture was followed by vacuum filtration, and the 
filtrate was set aside. The residue was redissolved in methanol and 
again mixed with acetic acid (6 I.); then the methanol was removed, 
and the resulting solution was filtered. This process was repeated 
twice to obtain a total volume of 32 1. of acid filtrate and 2.6 kg. of 
insoluble residue. The acid solution was made alkaline with 28% 
ammonium hydroxide and extracted with a total of 125 1. of chloro- 
form. The combined chloroform extracts were dried over anhydrous 
magnesium sulfate, filtered, and taken to dryness In umuo to yield 
952 g. of Fraction A. 


The post-Fraction A aqueous alkaline solution was extracted 
with 22 1. of n-butanol. This solution was dried over anhydrous 
magnesium sulfate and evaporated in uucuo to yield 370 g. of resi- 
nous alkaloid, Fraction B. 


Treatment of Fraction A (952 g.) with hot ethanol, followed by 
filtration and cooling to room temperature, yielded 77.0 g. of a 
crystalline alkaloid, which was subsequently identified as aspido- 
spermine. The ethanolic mother liquor was taken to dryness, dis- 
solved in chloroform (3 I.), and extracted four times with 1.5-1. 
portions of 5 %  acetic acid solution. In  DUCUO evaporation of the 
chloroform phase yielded 410 g. of alkaloid Fraction C. The acid 
phase was rendered alkaline to pHydrion paper and extracted with 
30 1. of anhydrous ether. The ethereal extracts were dried over 
anhydrous magnesium sulfate, filtered, and taken to dryness to  
yield 164 g. of alkaloid Fraction D. The alkaloid-free alkaline 
mother liquor was discarded. 


Direct crystallization of Fraction D from anhydrous ether yielded 
two crops of an alkaloid mixture, A (47.5 g), and 9.9 g. of crude 
quebrachidine. Removal of ether from the mother liquor was 
followed by the dissolution of the residue in 900 ml. of 5 %  acetic 
acid and subsequent purification by ultrafiltration. This was ac- 
complished by passing the solution through a 0.22-p membranea 


*The leaves of A.quebrocho-blanc0 Schlecht. used in this investigation 
were obtained from the Meer Corp. Voucher samples of the lant mate- 
rial are deposited at the Meer Corp.. North Bergen. NJ 07047 * GSWP 142000, Millipore Corp.. Bedford, Mass. 
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Scheme I-Flow diagram for the extraction and fractionation of A. quebracho-blanco leaf alkaloids 


with the aid of nitrogen delivered at a pressure of 20 p.s.i. to remove 
resinous and fine particulate matter. The filtrate was then passed 
through a membrane' at 40 p.s.i. nitrogen to remove high molecular 
weight, nonalkaloidal compounds. Basiflcatiotl of the final filtrate 
with ammonium hydroxide was followed by extraction with five 
900-d. portions of ether. Concentration of the pooled, magnesium 
sulfatedried, ether extract afforded two crops of crude aspido- 
spermhe in yields of 3.8 and 5.78 g.. respectively. Complete removal 
of ether resulted in 50.4 g. of alkaloid residue, designated as Frac- 
tion D-1 . 


A flow diagram for this extraction and fractionation scheme is 
presented in Scheme I. 


Idmtification of Aspidospermine-A 2.0-g. sample of the crude 
crystalline isolate obtained from the hot ethanol treatment of Frac- 
tion A was repeatedly recrystallized from ethanol to yield 0.86 g. 
of fine, colorless needles having m.p. -209" (Kofler hot stage, 
uncorr.); [&' -96" (concentration 1.0 ethanol); A::': 208 
(log c 4.59), 256 (4.09), and a shoulder at 290 (3.42) nm., in- 
dicating a dihydroindole alkaloid. A molecular weight of 354 was 
obtained by mass spectrometry; the fragmentation pattern, showing 
other significant peaks at m/e 339, 326, 31 1, 174, 160,152, and 124, 
was identical with that reported in the literature for aspidospermine 
(8). The IR spectra of the isolate and reference aspidospermine were 
superimposable, and a mixture melting-point determination showed 
no depression, thus confirming the identity of the alkaloid. 


Identification of Quebrachidine-The first two crops of alkaloid 
crystals (47.5 g.) from the ether treatment of Fraction D proved to be 
a mixture (A) of the alkaloids aspidospermine and quebrachidine, 
as shown by TLC. Silica gel G thin-layer chromatograms were 
developed with four solvent systems: A, ethyl acetate-absolute 


ethanol (3 : 1); B, n-butanol-acetic acid-water (4: 1 : 1); C, methanol; 
and D, benzene-ethyl acetate-95X ethanol (4:4:1). The alkaloid 
mixture was revealed by chromogenic reactions with the ceric am- 
monium sulfate and modified Dragendoms reagents (24) to  be 
composed of two alkaloids. One of these compounds gave RI 
values of 0.67, 0.17, 0.65, and 0.77, which corresponded with those 
values obtained for aspidospermine when developed in Solvent 
Systems A-D, respectively. The second alkaloid in the mixture gave 
RI values identical with those found for quebrachidine (0.46, 0.34, 
0.55, and 0.58 in Solvent Systems A-D, respectively). Furthermore, 
fractional crystallization from methanol afforded 0.78 g. of an 
alkaloid whose physical constants were identical with those cited 
for aspidospermine. 


The third crop of alkaloid crystals (9.9 g.) obtained from the 
ether solution was found to be predominantly that of the lower RI 
alkaloid in the TLC solvent systems. It was readily recrystallized 
from methanol, yielding an analytical sample of alkaloid prisms 
having m.p. 271-273' dec.; [& + 38" (concentration 0.5 in 
chloroform); A:$": 207 (log B 4.62), 242 (3.90), and 291 (3.58) 
nm. The IR and mass spectral data for the isolate were identical 
with those obtained for reference quebrachidlne, and no depression 
was found with a mixture melting-point determination of the isolate 
and reference quebrachidine. 


Chromatographic Separatioa of Fraction D-1 Alkaloids-The 
alkaloids of this fraction were found to be best resolved on silica 
gel G TLC plates developed using a solvent mixture of benzene- 
ethyl acetate-95 % ethanol (4:4: 1). Consequently, the alkaloids 
were separated over a column of silica gel PF*s4b, employing the 
same developing solvent system according to a detailed procedure 
to be described elsewhere. Two kilograms of the adsorbent was 


4 Millipore PSAC 14205. 5 E. Merck, Darmstadt, Germany. 
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Table I-Chtomatographic Data for A. quebracho-blanco 
Leaf ( e l )  Fraction (50.4 g.) 


Fraction Isolate 
Fraction" Weight, g. Alkaloid Isolated Weight, g. 


1-37 - 
38-42 1.34 
43-46 1.93 
47-49 7.36 
50-55 16.64 
56-60 5 . 0 0  
61-66 2.62 
67-69 1.61 
70-84 11.55 
85-91 0.88 
92-99 1 - 5 0  


- 
Rhazinilam 
Aspidospermine 
Aspidospermine 
Aspidospermine 
( - )-Pyrifolidine 
Akuamrmdine 
Quebrachidine 
Quebrachidine - 


- 


- 
0.188 
0.574 
1.394 
2.424 
0.619 
0.052 
0.252 
2.163 
- - 
- 


0.128 - 


0 Each fraction was 100 ml. with the eluting solvent being a mixture 
of tenzene-ethyl acetate-ethanol(4:4: 1). 


first dried at 110' for 24 hr., followed by deactivation with 200 ml. 
of distilled water. A 2 5 x  slurry of the deactivated adsorbent in the 
solvent mixture of benzene-ethyl acetate-ethanol was prepared; 
after standing for 24 hr., the slurry was poured into a flat-bed column 
(8 X 150 cm.). The adsorbent was allowed to settle over 36hr.. with 
the solvent being passed through the column at a rate of 60 ml./hr. 
The alkaloid fraction (50.4 g.) was dissolved in 250 ml. of the d e  
veloping solvent and added to the top of the packed column. Frac- 
tions of 100 ml. each were collected and monitored by means of 
silica gel G TLC and the ceric ammonium sulfate and modified 
Dragendofls spray reagents. Those consecutive fractions contain- 
ing alkaloids of similar RJ value and chromogenic tesponse were 
combined for further workup. The results are presented in Table I. 


Isolption of Rhazinilam-The residue from the combined frac- 
tions 38-42 from the column was dissolved in 100 ml. of ether and 
extracted with four 30-ml. portions of 5 %  acetic acid to effect the 
separation of an ether-soluble weak base. The acid extracts were 
combined, made alkaline with ammonium hydroxide, and extracted 
with benzene, and the benzenesoluble alkaloids were set aside. 
The ethereal mother liquor was dried over anhydrous magnesium 
sulfate. filtered, and concentrated, yielding 0.188 g. of crystalline 
alkaloid. Repeated recrystallization from ether afforded large 
prisms, in.p. 214-216"; Xz? 224 (log c 4.68) with a shoulder at 
264 nm. (4.13); [a]: -432 (concentration 1.25 in methanol). An 
IR spectrum showed the presence of an amide NH (3230 cm.-l), an 
amide carbonyl (1672 crn.-l), and four adjacent hydrogens on an 
aromatic nucleus (755 cm.-1). The NMR spectrum showed vinyl 
protons at 5.9 and 6.65 6, four aromatic protons as a multiplet 
from 7.36 to 7.69 6,  terminal methyl protons as a triplet at 0.46 to 
0.89 6. CHI protons adjacent to a carbonyl as a triplet at 3.75 to 
4.20 6, and an NH proton at 6.84 6. The compound gave an M+ 
ion at m/e 294.1727 (calc. 294.1732) for a molecular formula of 
CloHnNsO by high-resolution mass spectrometry. This alkaloid 
exhibited a mass spectral fragmentation pattern similar to that of 
eburnamonine, showing significant peaks at m/e 265, 237, 224, and 
209. Structure I was finally deduced for the isolate by X-ray analysis 
(25). and it was identified as rhazinilam, an alkaloid first isolated 
from Rhazya srricra by Banerji et al. (26). 


A second crop of crystalline rhazinilam (0.128 g.) was obtained 
from later column fractions, 122-123, by similar workup. 


Isolation of Aspldospermine--The pooled fractions 43-46,47-49, 
and 50-55 from the column were dissolved in methanol. Concentra- 
tion of the filtered methanolic solution yielded 0.574, 1.394, and 
2.424 g. of aspidospermine from the respective fractions. Identifica- 


' 


I 


tion of the isolates was based on a comparison of the melting 
points, RJ values, and IR spectra with reference aspidospermine. 
Isolation of (-)-Pyrifolidine-By using ether as the crystallizing 


solvent, 0.619 g. of a crystalline alkaloid was realized from the 
residues of fractions 56-60 from the column. Recrystallizations from 
ethanol and a 1 : 1 mixture of acetonewater gave 0.085 g. of an 
analytical sample of fine needles, m.p. 144-146'; [a]: - 98" 
(concentration 1.0 in chloroform). Literature (8) values of m.p. 
148-150' and [a10 - 93" have been reported for (-Fpyrifolidine. 
The UV spectrum (methanol) gave absorptions at X 224 (log c 4.61), 
253 (4.06). and 289 (3.46) nm., indicating a dihydroindole alkaloid. 
The IR spectrum (KBr) showed absorption bands at Y- 1655 
[N--C(=O)CH,], 2850 (aromatic -OCH,), and 802 (two adjacent 
aromatic hydrogen) cm.-l. The NMR (CDCls) spectrum revealed 
the preSence of two aromatic protons (7.02 6 )  ( A B  quartet), six 
methoxy protons (4.08 and 4.00 6), and three protons [N-C(=O)- 
CHJ (2.33 6). Mass spectrometric analysis of the isolate indicated a 
molecular weight of 386, and its fragmentation pattern was found to  
be identical with that reported in the literature for (-bpyrifolidine 
(8). Identification of the isolate was made on the basis of interpreta- 
tion of the physical data obtained for the isolate and a cornparison 
of the data reported in the literature for (->pyrifolidine. 


Isolation of Akuammldine-Pooled fractions 61-66 from the 
column were reduced to dryness and dissolved in a mixture of 
methanol-ether (1 : l), resulting in a yield of 0.052 g. of prismatic 
crystals. Recrystallization from methanol afforded an analytical 
sample, m.p. 243-245'. Identification of the isolate as akuammidine 
was made on the basis of mixture melting-point determination and 
superimposable IR, UV, and mass spectra with reference akuarn- 
midine. 


Isolation of Quebrachidine-Pooled fractions 67-69 and 70-84 
from the column were reduced to dryness, and each was taken up 
separately in minimum volumes of hot methanol. From the cooled 
solutions, 0.252 and 2.163 g. of crystalline prismatic crystals were 
obtained from the respective fractions. A comparison of the physical 
data for these isolates with those obtained earlier for quebrachidine 
revealed the compounds to be identical. 


SUMMARY 


The isolation of rhazinilam in this study represents the first 
example of this new class of alkaloids to be found in the genus 
Aspidosperma. The attempt to elucidate the structure of this alkaloid 
by spectral means proved to be a formidable task. The fR and mass 
spectral data of this isolate resembled very closely those of eburn- 
amonine, an alkaloid that Biemann and Watson (9) reported as 
being present in the bark of this plant on the basis of GC-mass 
spectrometric data. The UV absorptions, however, ruled out the 
isolate as belonging to the eburnamonine group of alkaloids. The 
structure (I) elucidated for rhazinilam by X-ray analysis was con- 
firmed by the independent elucidation of this structure by DeSilva 
el  al. (27) using chemical means. 


( - )-Pyrifolidine was reported to occur in this plant by Biemann 
er al. (7,8). Their isolation of the compound, however, was achieved 
by hydrolysis of an alkaloid separated from an acetylated alkaloid 
fraction of the bark. The isolation of this alkaloid from a chemically 
untreated leaf fraction in the present study confirms (-)-pyrifolidine 
to be a naturally occurring base. 


The identification of akuammidine as one of the leaf alkaloids 
presented no difficulty, and the copious yields of aspidospermine and 
quebrachidine established them to be the major alkaloid constituents 
of A. quebracho-blanco leaves. 
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Model Transport Studies Utilizing Lecithin Spherules 11: 
Transport of 3-O-Methyl-14C-~-glucose in D-Glucose Solution 


ZAKA-UD-DIN T. CHOWHAN, TOSHIHISA YOTSUYANAGI, and WILLIAM I. HIGUCHI' 


Abstract 0 Recently, quantitative methods were developed for 
determining the permeability coefficient of solutes in lecithin 
spherules. The technique involved following (a) the direct release of 
solutes from the dispersions, (6) the release after prior dilution, and 
(c) the release from dispersions partly equilibrated with the solutes 
for a predetermined period. A quantitative evaluation of several 
physical models indicated that the models that assume that the 
spherules are equally spaced, multiconcentric bilayers of lecithin 
were in satisfactory agreement with the experimental release data. 
In the present study, this technique was applied to  the transport 
of 3-O-methyl-~-glucose in liposome dispersions prepared from 
lecithin-dicetyl phosphate (10: 1) and lecithin-dicetyl phosphate- 
cholesterol (10: 1 : 1). The transport results for 3-O-methyl-~- 
glucose yielded a permeability coefficient that was 50 times larger 
than that for ~-glucose. The dispersions prepared from lecithin- 
dicetyl phosphate containing 10% cholesterol yielded a permeability 
coefficient that was 2.4 times smaller than the dispersions prepared 


without cholesterol. The analysis of the results indicated that, for 
relatively large permeability coefficients as obtained in these studies, 
the dilution-release experiments show greater sensitivity in the 
determination of this parameter compared to the direct-release 
experiments. 


Keyphrases 0 Permeability coefficients, 3-O-methyl-~-glucose, 
radiolabeled-liposome dispersions, comparison of three methods 
0  glucose solution-transport of 3 - 0 - m e t h ~ l - ~ ~ C - ~ g I u ~ ,  
lecithin spherule dispersions, permeability coefficients 0 3-0- 
Methyl-D-glucose, radiolabeled-transport in D-glucose solution, 
lecithin spherule dispersions, permeability coefficients 0 Lecithin 
spherules-model transport studies, 3-O-methyl-14C~glucose in 
D-glucose solution, comparison of permeability coefficients deter- 
mined by three methods 0 Transport studies, model using lecithin 
spherules-3-0-methyl-14C-~glucose in D-glucose solution, com- 
parison of permeability coefficients determined by three methods 


Several physical models were evaluated (1) in deter- 
mining the permeability coefficients for solutes in com- 
plex aqueous liposome dispersions to quantitate the 
transport of drugs across phospholipid membranes. 
The solute transport experiments were conducted using 
three different initial boundary conditions. The first 
(direct-release experiment) was the solute release from 
the dispersions in which the solute was fully equili- 
brated between the spherule interior and the external 
aqueous phases. In the second situation (dilution- 
release experiment), the dispersion was diluted by about 
a factor of 10 just prior to beginning the release run. In 
the third case (uptake-release experiment), the dis- 
persion was first prepared without the radioactive solute 


and then the spherules were allowed to absorb the 
radioactive solute for a predetermined period just prior 
to the release run. 


A careful evaluation of several physical models in 
conjuhction with these three experimental procedures 
helped significantly in both the selection of the best 
models and the determination of the best set of values 
for the parameters. Simple physical models that assume 
monosize or multisize single membrane-controlled 
solute transport failed to provide reasonable agreement 
between the experimental data and the theory. The 
models assuming multiconcentric layers of equal thick- 
ness were generally found to be in good agreement with 
the experimental transport data. The introduction of 
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Determination of Coating Thickness of Microcapsules and 
Influence upon Diffusion 


LUU SI-NANG’, PATRICK P. CARLIER, PIERRE DELORT, JEAN GAZZOLA, and DIDIER LAFONT 


Abstract 0 Experiments in this study appear to show that the 
diffusion rate of the encapsulated drug is a function of microcapsule 
size. The object of this paper is to  report the influence of the coating 
upon diffusion and the determination of the thickness of the coat- 
ing. An equation was established, which was verified by micro- 
scopic measurement of microspheres previously sliced with a 
m icrotome. 


Keyphrases 0 Microcapsulesdetermination of coating thickness, 
effect on diffusion rate 0 Coating thickness, microcapsules4e- 
termination, effect on diffusion rate 0 Diffusion rate, encapsulated 
drugs-influence of nature and thickness of coating 


The microencapsulation process is comparatively new 
(1-7). It consists of coating crystals or microdroplets of 
liquid with a polymer film. It has been applied success- 
fully to a number of products, from gasoline to tetra- 
cycline. Its pharmaceutical use enables one to mix sub- 
stances incompatible with each other, to mask an un- 
palatable taste, or to induce a prolonged action. Of 
course, the nature and thickness of the coating determine 
the diffusion rate. 


THEORETICAL 


Influeye of Coating upon W d H t u d y i n g  the dissolution in 
water of cylinders of benzoic acid and lead chloride, Noyes and 
Whitney (8) gave the following dissolution equation: 


where K is a constant, C, is the solubility of the substance, and c is 
the concentration at the expiration of the time t .  


According to Brunner (9): 


DS K = -  
V8 


where K is the same constant as in the Noyes-Whitney equation, D 


is the solute molecule diffusion coefficient, Y is the volume of solu- 
tion, 8 is the effective diffusion layer thickness, and S is the surface 
of the solid-solution interface. 


The equation : 


allowed the computation of 8. 
As reported by Wurster and Taylor (10): “the idealized film layer 


is not well defined, but it allows the correlation of experimental 
data with the physical properties of both the solute and solvent.” 


Diesdution of Microencapsulated Mute-In this experiment, the 
material to be encapsulated was viscous and sticky; however, the 
dry microcapsules did not aggregate. Thus one may disregard the 
possibility of a spontaneous diffusion of this material through the 
coating wall, and the phenomenon may be considered as follows: 
when the microcapsules were suspended in a liquid, the penetration 
of the solvent into the microspheres occurred first, followed by the 
dissolution of the encapsulated solute and the diffusion of the solu- 
tion. The phenomena taking place during this exchange were de- 
pendent on osmotic pressure and diffusion. 


In the event of the encapsulated substance being only slightly 
soluble in the liquid, one may disregard the effect of osmotic pres- 
sure and consider only diffusion. Thus, Eq. 3 may be expressed as: 


where S’ is the external surface of a microcapsule, c is a coefficient 
expressing the porosity and tortuosity of the coating, and h is the 
thickness of the coating. Other symbols are the same as already 
defined. 


If it is assumed that microcapsules with the same radius have the 
same coating thickness, and that this thickness as well as that of 
Brunner’s (9) layer are small and negligible with respect to the 
radius of microcapsules, one may write: 


S = S’ = n4rP  (Es. 5 )  


where F is the mean radius of the microcapsules and n is the number 
of microcapsules. The volume V, of the microcapsules is expressed 
as: 
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where m is the mass of n microcapsules, and d is the density of the 
microcapsules. 


From Q. 6, one may compute n and, reporting its value in Eq. 
5, onehas: 


(Eq. 7) 


On the other hand, the Musion that takes place at the Brunner's 
(9)layamayalsobeexpressedas: 


3Dm 
= YbrsC" - (Eq. 9) 


And the results of both phenomena are: 


Thus, diffusion is expressed as the sum of a constant and a variable, 
the latter being a function of the stirring rate. 


One inay write the empirical relationship: 


where Nis the agitation rate, and a and b are constants. Substituting 
this into Eq. 10 gives: 


Integrating this equation gives: 


(Eq. 13) 


h(C, - c) = -%[(? + i j  + constant (Eq. 14) 


If it is assumed that for I - 0, c = 0, then constant = lg C,: 


when c is very inferior to Cm (generally C 6 0.1 Cm). (C/Cm) is 
small with respect to 1 and Eq. 15 reduces to: 


c - 3%Cm[T + ; I t  


The curve C = f ( t )  where N is a constant is interesting because it 
expresses the diffusion of the solute; the curve C = f ( N )  where I is a 
constant is interesting when extrapolated at N = 0. 


Thus, beyond the area A where the qlution is heterogeneous, the 
equation of this curve is: 


where: 


3DmtCmt 
Vidh co = - 


and: 


Co is the coating contribution to diffusion; it is representative of 
c/h and, therefore, of the nature and thickness of the coating. It 
affords a global view of the coating's rate of diffusion. Thus, it is 
possible to compare two batches of microcapsules of the same drug 
by equalizing all of the other parameters. 


1 2 3 4 5 6 
MINUTES 


Figure 1-Liberation rate of microcapsules with r different. Key: ., 
r = 140p;andm.r = 300p. 


Detemhthn of Coating TWme8s-h follows from Eq. 15 
that, for obtaining a prolonged action with microcapsules, it will 
be advantageous to increase 7 and decrease c/h. Other parameters 
are determined either by solute and coating ( D ,  d) or by posology 
(m, V). The formulator is free to work on f and h. The mean radius 
is more easily measured than the coating thickness. The following 
two methods were used. 


Measuring Density and Active Drug Amount-kt us consider a 
batch of n microcapsules weighing m g. with a mean radius f. Solute 
density is 4, and coating density is dr. 


The solute mass is: 


W n g P  the relation: 


(Eq. 20) 
solute mass 


total mass of microcapsules P =  


one has : 


(P - h)' 
( I  - h)'di + [V - ( I  - h)ws P =  


[ I  - ?]'dl 


[ I  - $]'dl + [I - ( 1  - f>'$ 
P =  (Eq. 21d  


Assuming that (h/i)  << 1 ,  the previous equations reduce to: 


[ l  - ;Id1 
(Eq.224 3h 3h P =  [ 1 - 7 )  + i d s  


Vol. 62, No. 3, March 1973 0 463 







Table I-Computation of Coating Thickness from Density and 
Active Drug Amount Determinations 


a r e a  
' A  


I . 
0 


I '  
MeaIl Percent .Percent 


Radius, of-re of h a n g  Thickness 
P Matenal Material hs P 


375 
300 
200 


0.93 0.07 
0.90 0.10 
0.89 0.11 


5.86 
0.80 
5.00 


140 0.805 0.195 6.40 
87.5 0.755 0.245 5.10 


Table II-Computing of Coating Thickness: Number of 
Observations of Thickness h for the Radius L 


Mean Thickness, Mean Radius, p 
P 140 200 300 375 


3.80 
4.15 
5.70 
6.65 
7.60 


0 1 1 4 
5 6 1 4 


13 10 6 13 
11 8 12 7 
7 10 9 9 


3 
5 


Total number 42 44 35 45 


8.55 2 4 4 
9.56 4 5 2 


(Eq. 22f) 


d' and P are easily measured, and dr is computed after measuring of 
total density and P, from which h is wmputed. 


Direct Measure afer Microtome Slicing-Wall thickness is 
measured with a microscope fitted with a micrometer after e c i r y  
with a microtome (slice thickness about 10 a). 


EXP-ENTAL' 


This work was carried out using microcapsules containing the 
liquid organic base, eprazinone, a mucolytic drug, encapsulated by a 
mixture of gelatin and gum arabic. Eprazinone is 3+b(2-methoxy- 
2-phenylethy1)- 1 -piperazinyl]-2-methylethyl- 1 -phenyI- 1-propanone. 


The process is carried out in an open top vessel a t  40". and the 
pH is maintained constant at 6.5 with acetic acid. The core material 
is dispersed as minute droplets in the solution of the mixture of 
gelatin and gum arabic; the capsule walls are hardened with glutar- 
aldehyde as a crosslinking agent. 


The batch studied was sieve separated into ~ o u p s  with average 
radii of 375,300,200,140, and 87 p. 


Appnratm-The following were used: a constant-temperature 
bath kept at 23 f 0.5", a mechanical stirrer, a spectrophotome!era, 
a chronometer, a pycnometer, a microscope, and a microtome. 


Mepsuremeat of Diffusion-A volwme of 300 ml. of distilled water 
is stirred until a temperature of 23" is reached. With continuous 
stimng, l .5.g.  microcapsules is added with the starting of the 
chronometer. Samplings are made by way of a pipet fitted at its 
lower end with a small plastic tube filled with glass ~ 0 6 1 .  Each 
sampling is 3 d., i.e., 1 of the total volume. After a correct dilu- 
tion of the sampling, the amount of diffused drug is determined by 
spectrophotometry at the absorption maximum of 250 nm. 


Determination of Thickness-Calculation-Densities are deter- 
mined by way of a pycnometer. Wall density is found by calculation 
after determrnation of the total volume of microcapsules and the 
volume of microencapsulated eprazinone. 


The microca sules were obtained from I.B.F., Paris, France. 
* Beckman DQG. 
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Figure 2-fiberation rate of microcapsules as function of agitation 
rate. 


Direct Measure after Microtome SlicineMicrocapsules are 
imbedded in a gelatin mass according to Baker (11). Paraffin in- 
clusion is unsatisfactory because of the solvent &ect of alcohol and 
toluene and because of the low melting point of the paraffin, which 
&Q causes the coating putterid to melt. 


Gelatin is mixed with distilled water in a 1 : 5 ratio. This mixture 
is kept 2 hr. a t  37" in an incubator. Microcapsules are subsequently 
added. A separate gelatin bath is used for each size of microcapsules. 
Cubes of gelatin obtained after hardening are kept at 4". 


The gelatin cubes are subsequently sliced with a congelation 
microtome. Slice thickness should be about 10 p. Each slice is placed 
on an object slide and mounted with levulose syrup, which is water 
miscible and does not require slice dehydration. 


Slides are audied without staining on a microscope fitted with a 
micrometer and an immersion objective. Qne can perform a direct 
measure of cwting thickness which appears as a darker zone with 
respect tothepreparation as a whole. 


RESULTS AND DISCUSSION 


Curves C - f(t) for N = copstapt (Fig. 1)-There is good 
agreement between the experimental curves and the theoretical 
predictions. The origin of the ordinate is not zero; as a matter of 
fact, the method for preparing microcapsules requires the pH t o  be 
kept constant by adding acetic acid. Thus, some acetate is formed, 
part of which mixes with the coating. This soluble fraction diffuses 
at once. 


2 3 4 5 6 6.75 8 9 10 11 
THICKNESS, f i  


Figure 3-Total distribution of experimental thickness with an a p  
proximating normul distribution. 







-we &Section of a microcapsule showing the different calues of 
h. 


m e  C = f(N) for t = Colrocpnt (Fig. 2 ) - G d  agreement 
was found between the experimental curves and the theoretical 
predictions. The CO value is higher than the ordinate a t  the origin of 
the c w e  C = f ( t )  for N - constant; acetate dissolution is, t h a a  
fore, to be disregarded. 


Canputlng Thickwas h-From Densities and Amounr of Actioe 
Drug-One finds d, = 1.05 and dr - 1.60. The results are given in 
Table I. The mean value obtained by this method is 5.85 p. 


From Direct Measure-Table I1 gives the number of observations 
of thickness h and the total number of measured samples n and h. 
The mean value obtained by this method is 6.75 p. 


The coating thickness distribution curve is given with a good 
degree of precision by microscopic measures (Fig. 3). This curve 
includes values from 10 to 4 p. Upper values can be explained by the 
diflkulty in cutting a microcapsule through the center with a 
microtome (Fig. 4); thus, the resulting coating thickness is larger for 
one slice than for the other (h’ > h). 
Lower values are not easily explained if thickness is taken as 


constant. On the other hand, microscopic examination showed that 
microcapsules are not spherical but rather present a knob at each 
pole. These knobs appeared only in the smallest microcapsules with 
a radius between 87 and 1 4 0 ~ .  


For the purpose of simplifying calculation, the microcapsules were 
assumed to be spherical. The results obtained indicate that this 
assumption can be made. 


In spite of extensive radius differences (x4), the mean coaw 


thickness remains constant, whichever method is used. Dif€eren~xs 
found with both methods for the mean coating thickness are not 
significantly dXexent. 


CONCLUSIONS 


The experiments with microencapsulation seem to demonstrate 
that, when gelatin and gum arabic are used, the obtained coating is a 
constant thickness whateva the microcapsule size. Thus, the diffu- 
sion rate of the microcapsules will be in direct ratio to the coating 
material (e) and in inverse ratio to the mean radius (3). 


The proposed equation for determining the coating thickness 
allows a quick estimation of this thickness, whereas direct micro- 
scopic measuremt  is lengthy and tedious. Knowing the coating 
thickness would allow the microcapsule manufacturer to determine 
the best conditions of encapsulation with respect to  the objective, 
and this knowledge would permit the user to verify the constancy of 
quality of the product. 
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Ergosterol Photoisomerization Reaction Scheme 


RENE MERMET-BOUVIER and ELIANE ABILLON' 


Abstract 0 The kinetics of the various isomers formed at low 
temperature by UV irradiation of ergosterol were studied experi- 
mentally at the wavelength X = 253.7 nm. The characteristics of 
the photostationary state were used to determine the isomer pre- 
cursor of the toxisterols as well as the quantum transformation 
yields of one isomer into another. 
Keyphrases 0 Ergosterol photoisomerization-reaction scheme, 
kinetics, transformation quantum efficiencies between isomers, 
formation and quantum yields of toxisterols 0 Photoisomerization, 
ergosterol-reaction scheme, kinetics, transformation quantum 
efficiencies between isomers, formation and quantum yields of 
toxisterols 0 Isomerization of ergosterol by UV irradiation-reac- 
tion scheme, kinetics, quantum transformation yields between 
isomers 


Since vitamin DP is obtained by submitting ergosterol 
to UV irradiation, the system of isomers formed under 
radiation has already been the subject of many works 
(1-3). The three latest reaction schemes (Schemes 1-41), 
summarizing the experimental results achieved, were 
successively submitted by Rappoldt in 1958 (4), Sanders 
and Havinga in 1964 (5 ) ,  and Sanders in 1967 (6). 


The solely thermal nature of previtamin Dz vitamin 
Dz transformations was brought to  light by Velluz in 


vitamin D1 


heat 1 I heat 


0.26 I 4 0.47 
X c- ergosterol mevitamin tachysteroli 0.05 - 0 . 0 2  \O . 0 7 7 \ 3 3  


0.41 


lumisteroli 
Scheme I-Reaction scheme of ergosterol photoisomerization sug- 


vitamin DZ 


gested by Rappoldt (4) 


heat I heat 


0.05 0.26 I ' 0.45 0.03 
X? - ergosterol Z t x e v i t a m i n  tachysterol? -? Y - 


0.02 - 0.08 


0.41 1 1 0.02 
lumistero12 


Scheme II-Reaction scheme of ergosterol photoisomerization sug- 
gested by Sanders and Havinga (5)  


vitamin D2 
I t heat toxisterollA 


0.31 * I 0.45 
ergosterol previtamin C tachysteroh 


0.02 0. I1 


0.021 10.41 


lumisterolz 


Scheme III-Reaction scheme of ergosterol photoisomerization sug- 
gested by Sanders (6) 


ergosterol = previtamin Di tachysteroh 


I t  
lumisterol? 


Scheme IV-Internal structiire ofthe reaction scheme at low tempera- 
ture suggested by Mermet-Bottcier and coworkers (7-11). l i t  the 


internal structure, the irrecersible transformations do itot jgiire. 


1948 (2); all other transformations are photochemical in 
nature. The values of the corresponding quantum yields 
are shown in each scheme. 


Experimental work recently carried out in this labora- 
tory (7-ll), at a sufficiently low temperature for the 
previtamin DZ + vitamin Dz transformation to be 
negligible, led to the reaction scheme shown in Scheme 
IV. For this scheme, the present authors attempted to 
determine: (a) the value of the transformation quantum 
efficiencies between the various isomers, and (6) the 
isomers that act in starting the irreversible formation of 
toxisterols and the corresponding quantum yields. 


THEORETICAL (12) 


Let 1, 2, 3, and 4 be the classes whose elements are molecules of 
ergosterol, previtamin D2, tachysterol, and lumisterol, respectively' 


Let f i j  be the probability per unit time for a j class element to get 
into an iclass element. 


The reaction photoisomerization scheme of ergosterol given in 
Scheme IV corresponds to a true exotropic graph1 (13), whose 
internal structure is shown in Scheme V. 


Let external function f i e  be the exit probability per unit of time of 
an element of the system, as from classj. 


The problem consisted of determining: (a)  the value of the internal 
interaction functions fii, and (h) the existence and value of the 
external functions f ie .  


Evolution Equations-Let ( N(r)) be the vector whose components: 
N4t )  
Nz(t) 
N d f )  
N4W 


are the populations of the various classes at time t. / 


The evolution equation of the system is: 


in whichIis the interaction matrix whose nondiagonal elements are 
the internal functions a;j = f t j  and whose diagonal elements are the 
sum of the divergent functions related to a class j bearing the minus 
sign : 


k 


The solutions of the differential system (Eq. 1) appear as a sum of 
four exponential functions: 


i = 4  
N,(t) = AijeXi' 0%. 3) 


i = l  


where X i  is the eigenvalues of matrix m. 


1 A true exotropic graph is a maximum, strongly connected com- 
ponent to which are added boundary functions that are all divergent. 
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After a sufficiently long irradiation time, EQ. 3 becomes equivalent 
to: 


Nj(t) % Aljehc 0%. 4) 
where XI is the eigenvalue of the smallest absolute value. 


If the evolution of the four isomers is presented as semilogarithmic 
coordinates, two states may be distinguished as shown in Fig. 1 : 


1. The transient state during which at least two exponentials 
enter into each N&) expression. 


2. The photostationary stateor the permanent evolution state, for 
which one exponential only directs the evolution of each isomer, that 
is represented in semilogarithmic coordinates by parallel straight 
lines of slope XI. 


The reaction schemes given in the literature express the experi- 
mental results obtained in a transient irradiation state. This report 
concerns the permanent evolution state characteristics, and the 
parameters used are: (a) the slope XI, and (b) the relative concentra- 
tions of the various isomers: 


R e f n t i d p  behvecn Intenrel hnctiom fib External Functions 
fj,, slope &, and Refntive Coneeatratlolls Cj in Permnnent Evdlltloa 
!&ate-The population Nj of class1 obeys the following balance 
equation: 


(Eq. 6) 


in which: 


Now, in the permanent evolution state: 


dlvi P XINj 
dt 


By identifying Eqs. 6 and 8 and dividing by N,: 


If N is the total number of elements at time t :  


N -  C N j  0% 10) 
j 


The number of elements leaving the system is per time unit: 


Now, in the permanent state: 


By identifying the relations Eqs. 1 1 and 12 and dividing by N: 


XI = -CfieCj (es. 13) 


The internal functions fir and external functions fj, will be deter- 
mined on the basis of Eqs. 9 and 13. 


Table I-Photochemical Constants of the Four Isomers 


Previtamin Tachy- Lumi- 
Ergosterol Dt sterolz sterol, 


~ ~ - ~~ ~~ ~ 


e,, liters/mole 4800 8210 9915 4760 
cm. 


photon 
absorbed 


pi, molecule/ 0.31 0.49 0.11 0.41 


xj, Sec.-1 5.69 15.4 4.17 7.46 


4 
Ndt) = ZA. ,~X~  


i-1 
N#(t) = Aitexlr 


I II 


piem 1-Evolution states of the system. Key: I ,  tmnsient state; 
11, permanent evolution state; E,  ergosterol; T, tachysterd; L, 
lumisterd; and P ,  preoitamin DI.  


X j  Vdum Uetd--Let cj be the coefficient of molecular extinction 
related to the isomer I, expressed in liters per mole centimeter; and 
let p j  be the quantum disappearance yield of the isomer], expressed 
in molecules per photon absorbed by the isomer j .  


The exit probability per time unit of a class j element is given, in 
reciprocal seconds, by the expression (8): 


Xi = 3.822 X 10-J c jp j  ( ~ q .  14) 
The values given by Havinga et al. (14) were taken for e j  and pi. 


They are summarized in Table I with the corresponding Xi values. 
The slope XI and the relative concentrations Cj were the subjects 


of the following experimental determination. 


EXPERIMENTAL 


The experimental values of hl and of the relative concentrations 
Cj in the permanent evolution state at a wavelength of 253.7 nm. 
were determined by UV spectrophotometry and GC (3, respec- 


Detaminathn of &-The experimental determination of AI was 
made with very weak ergosterol solutions (2 X 1W6 M) by 
following the evolution of absorbances of the four substances 
ergosterol, previtamin DI, tachysterol, and lurnisterol at such a 
wavelength that the substances outside the true graph (toxisterols) 
only showed insignificant absorption, since experimental determina- 
tion techniques do not allow this value to be obtained by determin- 
ing the slope of the evolution graph of each isomer. 


Although the concentration used in the irradiated solutions is low, 
the 253.7-nm. wavelength incident radiation is slightly absorbed. 
Therefore, the correcting factor F (8), which reflects the flux de- 
crease in the solutions, was introduced: 


tively. 


where A(t) is the absorbance at  time t at the incident radiation 
wavelength (253.7 nm.). 


This factor enables the mean intensity j ( t )  in the irradiated solu- 
tion to be known, since the incident intensity 10 can only be used, 
strictly, in a very shallow system. The values A(t) are determined by 
the experimental measurements of the change in absorbance as a 
function of the irradiation time at  the incident radiation wavelength 
(A = 253.7nm.). 
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0 5 10 15 20 
T x 1 0 - 9  


Figure 2-Changes of absorbance with the oariable 7 = f&I(t)/Io]dt. 
The dope in the rectilinear part of the curue is the slope XI of the 
permanent evolution state. 


The mean intensity is then calculated, from the experimental 


0%. 16) 


values obtained, by the formula: 
1 - c-A(tl 


7(r) = I~ x F or f(r) = lo x ____ 
AM 


The transition from variable t. irradiation time that could be used in 
a very thin system, to the variable 7 ,  which is necessary to make the 
system used linear (this system was approximately but not really a 
very thin system since there was an attenuation of the incident flux 
in the irradiation medium), is given by the formula: 


Figure 2 shows the experimental results obtained with an ergosterol 
solution as the initial product; T is on the abscissa, and the changes 
in absorbance with irradiation time, for a wavelength X = 290 nrn. 
where the substances outside the true graph have no input, are on the 
ordinate. 
The value of slope XI is calculated with the following formula: 


where Al and Al are the measured absorbances corresponding to 
71 and 71, respectively. 


Measurements made with previtamin Di, lumisterolr, and tachy- 
sterol% as starting products gave, within experimental errors, the 
same value of slope XI. It was thus checked that the elements be- 
longing to  a same true graph have, in fact, the same slope XI (12) in 
the same permanent evolution state, irrespective of the initial con- 
ditions. 
The experimental value of slope XI equals -0.27 f 0.01 set.-'. 
Detnmination of Relative Concentrations Cj-The very small 


amount of substance obtained after UV irradiation of a low con- 


I- : 10 
fi a 


1 


Figure 3-Evdution with the irradiation time of the relative con- 
centmtion of the four isomers. Key: E, ergosterol; T, rachysterol; 
L, Iwnisterd; andP, previtamin A. 


fl, I--- 
? 


Scheme V-Internal structure of the true exotropic graph of the 
photoisomeric system of ergosterol. The possible irreversible Iran* 


formations are represented by external functions fi.. 


centration ergosterol solution (2 X 10-6 M) in ether does not 
allow the various isomers formed to be determined separately. 
Stronger solutions were, therefore, used (1.25 X lo-* M). The 
F factor, characterizing the flux decrease, becomes zero, and the 
transition through the variable 7 is no longer possible. But the 
system then tends to an asymptotic state whose relative compositions 
are the same as those of the permanent evolution state defined 
previously. Therefore, the determinations were made as soon as this 
asymptotic state was reached (7). 


The separation methods used for the qualitative analysis (9-1 1) 
showed that for the long irradiation times needed to reach the 
asymptotic state the previtamin and one of the toxisterols were not 
separated; only GC, with 3.04-m. (10-ft.) long and 2-mm. X 0.6-cm. 
(0.25411.) diameter Pyrex columns filled with 3% XE-60 on Gas 
Chrom Q, 100-120 mesh, permitted adequate separation of all 
isomers. 


Before being used, the column was placed in an oven heated to 
230" for 2 days, with a convection gas (helium) flow of 20 ml./min. 
The temperature of the oven was then regulated to 150", and several 
injections of 10 pl. each of hexamethyldisilazane were made. 


When the baseline of the recorder was stabilized, the temperature 
of the oven was again set at 230". As soon as the flame-ionization 
detector gave a stable response, several injections of 2 pl. each of an 
irradiated ergosterol solution were made. This procedure reduces 
the absorption effects on the support, which are frequently encoun- 
tered with new columns, and allows aging of the column. 


Scheme VI-Interaction graph of the system corresportding to experi- 
mental results 
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Table II-Quantum Transformation Yields of Previtamin Dt vitamin fi 


Previtamin Tachy- 
Dr-. Ergosterol sterols Lumisterol’ Toxisterol, 


Sanders(6) 0.02 0.45 0.02 - 
Thisstudy 0.0092 0.42 0.021 0.039 


Finally, it was necessary to make sure that the GC, owing to the 
high temperature used, did not cause any distortion of the structure 
of the eluted isomers. After trapping the various eluates in the oven 
and directly at the exit of the column and analyzing them by UV 
spectrophotometry, UV spectra of each isomer were obtained iden- 
tical to those obtained at low temperature. 


The internal standardization procedure was used for the quantita- 
tive analysis, and the measurement of the areas of the peaks repre- 
senting the four isomers of the true graph (ergosterol, previtamin D2, 
tachysterol, and lumisterol) was made with an electronic digital 
integrator’. 


The results obtained with a chromatograph’ are given in Fig. 3. 
The ergosterol solutions in ether had a concentration of 1.25 X lo-* 
M. They were irradiated with an incident flux of 1.24 X pho- 
ton/cm.zsec. 


The experimental values of XI and of the relative concentrations 
were: XI = -0.27 f 0.01 sec.-1, C: = 1.18 f 0.05%, C, = 22.06 
f 0.3X, Ca = 74.66 f 0.3%,and C, = 2.04 f 0.08%. 


RESULTS AND DISCUSSION 


Values of Internal Divergent Functions Relative to Class %Let 
Eq. 9 be applied in turn to classes I ,  3, and 4: 


( ~ q .  19) c: 
cz fi, = (XI + Xi) - = 0.29 *.-I 


fn = (X i  + Xs) 2 = 13.19 (Eq. 20) 


h2 = (XI + X , ) Z  = 0 . 6 6 ~ e c . - ~  (Eq. 21) 


Value and Unicity of External Function fi.-The value of j ~ ,  is 
given by : 


f2. = XP - UlZ +fa2 +fa) (Eq. 22) 


giving f2, = 1.229 sec.-l. This external function is unique because, 
using Q. 13, the term corresponding to class 2-allowing for the 
value off,, previously determined-is: 


- J X z  - 0.271 (a. 23) 
The value of hl being XI = -0.27, the term -h,CZ suffices to 


express it and the three other terms are, therefore, zero. Thus, /I, = 
fa. =& = 0. 


Value of Cwverglng Functions Related to Class 2-Classes 1, 
3, and 4 were not given external functions: 


hi = XI = 5.69 


h, = x, = 7.46seC.-1 
(Q. 24) 
( ~ q .  25) 


h, = xa = 4.17 =.-I (a. 26) 


* Varian Aerograph model 480. 
Varian Aerograph model 2100. 


1 


I 
I heat t o x k t ~ o h A  


heat I /0.039 


0.0092 t ; /% 
0.31 I t 0.11 


ergosterol previtamin D, - tachysterolt 


0.0211 I 0.41 


lumisterolz 


Scheme VII-Suggested reaction scheme for the photoisomerization 
of ergosterol 


Proposed Reaction Scheme-All these results are summarized 
in Scheme V1 in which the transfer functions are expressed in recip- 
rocal seconds. 


As the quantum yield p i j  of the transformation of isomer j into 
isomer i is obtained, as from the transfer functionfi, by the relation 
(8) : 


(Eq. 27) 


the reaction scheme shown in Scheme VII is obtained. This scheme 
is structurally identical to those proposed by Velluz (2) and Sanders 
(6) (Scheme 111). It differs from them by the value of the quantum 
transformation yields of previtamin Dr. 


The values submitted by Sanders (6) and the values from the 
present study are summarized in Table 11. 


pij = 2.616 X 10’ /. .!! . 
6 
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Flowmeter for Pharmaceutical Powders 


Keyphrases 0 Flowmeter for pharmaceutical powders4etermina- 
tion of flow rates 0 Powders, pharmaceutical-flowmeter, deter- 
mination of flow rates 


Sir: 


Monodisperse powders have been reported by many 
authors to have a maximum flow rate (Q) at a particular 
diameter (x) (I--3). We have found that beyond the 
maximum the flow rates often follow a parabolic decline 
in the sense that: 


log Q = a.log x + B (Eq. 1) 


where a and B are product-dependent constants (Figs. 
1 and 2). 


The flow rates here were determined in a flowmeter’. 
Both the glass beads and granulations tested were of 
normal flow patterns in other respects. For example, 
the flow rates increased with increasing length of efflux 
tube (Fig. 3), as reported by Jones and Pilpel (4) and 
Bingham and Wikoff (5 ) .  


t2 
0 loo0 2000 3000 4000 


MICRONS 


Figure 1-Flow pattern of a granulation showing maximum flow 
ra:e at 210 p. 


1 The Lewis-Howe flowmeter develo ed at Lewis-Howe Co. in 1954. 
The Erweka flowmeter (marketed at a gter date) is based on somewhat 
the same design. 


4.0 t \ t 2.9 


3 . 6 )  ’ .  : .  ! : :  : :  : 1 2.5 
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 


LOG MICRONS 


Figure 2-Flow rates of glass beads and of a granulaliori (Formula 
A )  plotted according to Eq. I .  
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Figure 3-Flow rate as a function of height of eHux tube of 500 g. of 
spray-dried lactose. Semilogarithmic plotting (right ordinare) shows 
udherance to the Bingliam- Wikofl(5) equation. 


Equation 1 allows a good estimation of optimum 
diameter in four determinations (two below xmax and 
two above), assuming (for calculation purposes) that 
the curve is linear on the low side of xmu. 
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Model Transport Studies Utilizing Lecithin Spherules 11: 
Transport of 3-O-Methyl-14C-~-glucose in D-Glucose Solution 


ZAKA-UD-DIN T. CHOWHAN, TOSHIHISA YOTSUYANAGI, and WILLIAM I. HIGUCHI' 


Abstract 0 Recently, quantitative methods were developed for 
determining the permeability coefficient of solutes in lecithin 
spherules. The technique involved following (a) the direct release of 
solutes from the dispersions, (6) the release after prior dilution, and 
(c) the release from dispersions partly equilibrated with the solutes 
for a predetermined period. A quantitative evaluation of several 
physical models indicated that the models that assume that the 
spherules are equally spaced, multiconcentric bilayers of lecithin 
were in satisfactory agreement with the experimental release data. 
In the present study, this technique was applied to  the transport 
of 3-O-methyl-~-glucose in liposome dispersions prepared from 
lecithin-dicetyl phosphate (10: 1) and lecithin-dicetyl phosphate- 
cholesterol (10: 1 : 1). The transport results for 3-O-methyl-~- 
glucose yielded a permeability coefficient that was 50 times larger 
than that for ~-glucose. The dispersions prepared from lecithin- 
dicetyl phosphate containing 10% cholesterol yielded a permeability 
coefficient that was 2.4 times smaller than the dispersions prepared 


without cholesterol. The analysis of the results indicated that, for 
relatively large permeability coefficients as obtained in these studies, 
the dilution-release experiments show greater sensitivity in the 
determination of this parameter compared to the direct-release 
experiments. 


Keyphrases 0 Permeability coefficients, 3-O-methyl-~-glucose, 
radiolabeled-liposome dispersions, comparison of three methods 
0  glucose solution-transport of 3 - 0 - m e t h ~ l - ~ ~ C - ~ g I u ~ ,  
lecithin spherule dispersions, permeability coefficients 0 3-0- 
Methyl-D-glucose, radiolabeled-transport in D-glucose solution, 
lecithin spherule dispersions, permeability coefficients 0 Lecithin 
spherules-model transport studies, 3-O-methyl-14C~glucose in 
D-glucose solution, comparison of permeability coefficients deter- 
mined by three methods 0 Transport studies, model using lecithin 
spherules-3-0-methyl-14C-~glucose in D-glucose solution, com- 
parison of permeability coefficients determined by three methods 


Several physical models were evaluated (1) in deter- 
mining the permeability coefficients for solutes in com- 
plex aqueous liposome dispersions to quantitate the 
transport of drugs across phospholipid membranes. 
The solute transport experiments were conducted using 
three different initial boundary conditions. The first 
(direct-release experiment) was the solute release from 
the dispersions in which the solute was fully equili- 
brated between the spherule interior and the external 
aqueous phases. In the second situation (dilution- 
release experiment), the dispersion was diluted by about 
a factor of 10 just prior to beginning the release run. In 
the third case (uptake-release experiment), the dis- 
persion was first prepared without the radioactive solute 


and then the spherules were allowed to absorb the 
radioactive solute for a predetermined period just prior 
to the release run. 


A careful evaluation of several physical models in 
conjuhction with these three experimental procedures 
helped significantly in both the selection of the best 
models and the determination of the best set of values 
for the parameters. Simple physical models that assume 
monosize or multisize single membrane-controlled 
solute transport failed to provide reasonable agreement 
between the experimental data and the theory. The 
models assuming multiconcentric layers of equal thick- 
ness were generally found to be in good agreement with 
the experimental transport data. The introduction of 
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C O M C A R T M l N T  I C O M P A R T M E N T  I OIALVSIS @ A 0  S I N K  distribution determinations by means of the Coulter counter were 
reported earlier (1). 


THEORY 


The monosize, multiconcentric layer models, Model 1 and Model 
2, were previously investigated in the determination of the perme- 
ability coefficient for D-glucose (1). For molecules like  glucose or 
3-0-methyl-D-glucose which have relatively low partition coeffi- 
cients, either model could be used in the determination of perme- 
ability coefficients. Theoretical analysis was, therefore, carried out 
in the present investigation using the monosize, multiconcentric 
layer Model 2. 


A schematic representation of this model is presented in Fig. la. 
In Fig. lb,  a schematic cross section of this model, showing the 
division of Compartment I into i = 1 to i = n segments, is shown. 
This model assumes that all of the spherules are of the same size 
and consist of multiconcentric layers (segments) of equal thickness. 
Each of these concentric layers consists of a lipid bilayer separating 
aqueous compartments. It is assumed that the solute instantaneously 
partitions between the inner aqueous-lipid interface and that the 
only barrier to solute transport is located at the external lipid- 
aqueous interface. It is also assumed that there is good mixing 
in both phases, so that there is no concentration gradient in each 
segment, neither in the lipid phase nor in the aqueous phase. 


Equation 1 relates the average solution concentration to the 
aqueous and lipid contributions for the i = 1 to i = nth segment: 


C1.t = (D. + uI.k)Cl.U 


- 
I 


I 
I 


~ C O M P A R T M E N T ~ C O M P A R T M l N T ~  
1 I 


1 b l  


Figure I d a )  Schematic representation of the monosize, multicon- 
centric layer Model 2. (b) Schematic cross section of the multicon- 
centric layer Model 2 showing the division of Compartment I into i 
= 1 to i = n number of segments of equal thickness. 


particle-size distribution 'into the theoretical analysis 
did not significantly alter the solute release curves. 
As a result of these findings, it was suggested that the 
monosize, multiconcentric models may be used in the 
determination of effective bulk permeability coeffi- 
cients. 


In the present studies the same procedures were used 
in determining the effective bulk permeability coeffi- 
cients for 3-O-methyl-~-glucose. 


EXPERIMENTAL 


Materials-Egg yolk lecithin was purified using the procedures 
reported previously (1). Dicetyl phosphate' was used without 
further purification. Cholesterol' was recrystallized twice from 
ethanol. Anhydrous ~glucose~  was analytical reagent grade. The 
dialysis bags4 were used without pretreatment. The 3-O-methyl- 
14C-D-glucOse" was obtained in the crystalline solid form. 


Procedures-The liposome dispersions were prepared from 5.0 % 
egg yolk lecithin and 0.5% dicetyl phosphate, with or without 0.5% 
cholesterol. The procedures used in the preparation of dispersions 
and for the transport of solute were the same as reported earlier 
(1). The dispersions were prepared in 5.1% anhydrous Dglucose 
solution, which also served as a sink solution. Five milliliters of the 
dispersion was added to the dialysis bag, which was held by a 
square framework in a dialysis bag holder-stirring assembly. This 
assembly also served as a cover plate for the water-jacketed beaker 
containing 100 ml. sink solution. At the end of each sampling time, 
this assembly was transferred to another water-jacketed beaker 
containing fresh sink solution. The overall rate of the solute trans- 
port represented both the movement of solute out of the spherules 
and the transfer of solute across the dialysis bag. The procedures 
for the determination of radioactivity and for the particle-size 


~ ~~~ 


1 Sigma Chemical Co., St Louis, Mo. 
f Fisher Scientific Co., Fair Lawn, N. J. 
* J. T. Baker Chemical Co Phillipsburg N. J. 
4 Union Carbide Corp., C$cago, Ill. 
6 New England Nuclear, Boston, Mass. 


Cs.t = (4 + o1.k)Cs.u 


Here, C1,, and C,,u are the average and aqueous solution concentra- 
tions in segment 1, respectively; uU and u1 are the aqueous and lipid 
volume fractions, respectively; and k is the lipid-aqueous partition 
coefficient. 


The rates at which solute leaves segments i = I to i = n are 
given by a set of equations: 


dC1.u -VI (U~  + n - k ) x  = SI*P(CI,~ - Ca,d (Es. h) 
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Figure 2-First-order plots used for the determination of the bag 
constant for the transport of 3-0-methyl-D-glucose through the 
dialysis bag membrane. Different symbols represent data from the 
three different experiments. 
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Figure 3-Comparisons of the experimental data and results of com- 
putations using the monosize, multiconcenfric layer Model 2 for the 
direct-release and dilution-release experiments, using a lecithin- 
dicetyl phosphate dispersion system. Key (symbols represent ex- 
perimental data): @, direct-release experiment; and 4 dilution-re- 
lease experiment. Curws represent results of computations. Curves a 
and b represent theory for the direct-release and dilution-release 
cases, respectively, and are based on the parameter values giwn in 
Fable I. The ordinate represents A,, the normalized amount of solute 
in the sink. 


Sl.P(C%O - C&O) (Eq. 26) 


dCn.0 Vn(~o + m.k)-;li- = Sm-l*P(Cn-1.0 - Cm.0) - 
Sn.p(Cn.0 - CII) (Eq. 


Here, V, is the volume of segment 1, Sl is the surface area of seg- 
ment 1, p is the permeability coefficient per segment, and CII is the 
concentration of solute in Compartment 11, which is the external 
phase of the dispersion. The rate expression for solute in Compart- 
ment I1 is given by Eq. 3: 


V I I ' ~  = &'p(cm.o - CII) - sb*/&*cb ( h e  3) 


Here, V I I  is the volume of Compartment 11; sb and pb are the sur- 
face area and effective permeability coefficient of the bag, respec- 
tively; and c b  is theconcentration of solute in the bag. 


The rate of appearance of solute in the sink is given by Eq. 4: 


Here, A, is the normalized amount of solute in the sink. These 
equations were solved by a digital computer" using the procedure 
described elsewhere (1). 


RESULTS AND DISCUSSION 


The results of the bag constant experiments for 3-O-methyl-~- 
glucose carried out by the procedure identical to that .already re- 
ported (1) are presented in Fig. 2. The slope of the firstsrder plots 
represented the bag constant divided by the volume of the solution 
inside the bag. The bag constant was defined as the product of the 
surface area of the bag and the effective permeability coefficient of 
the bag. 


The results of the direct-release and dilution-release experiments 
for 3-O-methyl-~-glucose in lecithin-dicetyl phosphate dispersions 
are given in Fig. 3. In Fig. 4 the results of the uptake release after 
0 and 2 hr. prior to uptake through the same dispersion system are 
presented. In the monosize, multiconcentric Model 2, the partition 
coefficient is mainly a function of the initial slope of the direct- 
release experiment and was determined by the procedure outlined 
recently (I). Different values of p ,  the permeability coefficient per 
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Figure &Comparisons of the experimental data and results of com- 
putations using the monosize, mulficoncentric layer Model 2 for 
the uptakerelease experiments, using a lecithin-dicetyl phosphate 
dispersion system. Key (symbols represent experimental data): , 
0-hr. uptake-release experiment; and A, 2-hr. uptake-release ex- 
periment. Curws represent results of computations. Curves a and b 
represent theory for the 0- and 2-hr. uptake-release cases, respec- 
tively, andare basedon the parameter values giwn in Table 1. 


segment, were then tried to obtain agreement between the experi- 
ment and the theory for the three types of experiments. The calcula- 
tion results using a "best" set of parameter values, which are given 
in Table 1, are compared with the experimental data in Figs. 3 
and 4. The excellent agreement between the experimental data and 
the calculation results shows the usefulness of the technique in 
obtaining reliable values of the permeability coefficients. These 
results indicate that by substituting a hydroxyl group at the 3- 
position by a methoxy group in D - ~ ~ U C O S ~  the effective bulk perme- 
ability coefficient increased Xkfold. It is important to point out that 
this group substitution does not significantly change the partition 
coefficient of the solute in the liposome dispersions. 


An important result of this study is revealed in Fig. 3. While 
significant ditrerences between the direct-release and dilution- 
release experiments were not observed in the study of  glucose 
transport ( l ) ,  the shapes of the normalized direct-release and dilu- 
tion-release curves for 3-0-methyl-D-glucose were significantly 
different. This resulted from the differences in the relative perme- 
ability coefficients of the two compounds (for  glucose p /n  = 2.666 
X 10-1O cm. sec.-l and for 3-O-methyl-~-glucose p/n = 1.33 X 10-a 
cm. =.-I). The dilution-release experiments showed greater sensi- 
tivity in the determination of permeability coefficients than the 
direct-release experiments when the permeability coefficient was 
relatively large. For example, it was found that in the direct-release 


1.0 t h 


0.9 


0.8 
f 0.7 
In 


0.6 f 
+ 0.5 
z a 0.4 
0 2 0.3 
a 


0.2 
0.1 


2 4 6 8 10 12 14 16 18 
SECONDS X 10-3 


Figure S-Comparisons of the experimental data and results of com- 
putations using the monosize, multicoticentric layer Model 2 for the 
direct-release and dilution-release experiments, using a lecifhin- 
dicetyl phosphate-cholesterol dispersion system. Key (symbols repre- 
sent experimental data): a, direct-release experiment; and A, dilu- 
tion-release experiment. Curws represent results of computations. 
Curves a and b represent theory for the direct-release and dilution- 
release cases, respectioely. The parameter values are given in Table 
I. 
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Table I-Input Data Used in Calculations for a Lecithin-Dicetyl Phosphate and a Lecithin-Dicetyl Phosphate-Cholesterol 
Dispersion System Used in the 3-0-Methyl-&glucose Transport Studies 
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0.9 


0.8 
5 0.7 
In 
2 0.6 


0.5 
Z 
3 0.4 
p 0.3 
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solute 


0 - 
- 
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- 
- 
- 
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Partition co- Meall 
P X 101, pb’sb x lo’, efficient, Radius, 


Dispersion System Vx, ml. n cm. cm.* sec.-l k P 
~ 


3-@Methyl- Lecithin-dicetyl 1 .os 45 6.0 1.764 2a 0.685 


D-Glucosea Lecithin-dicetyl 1.05 45 0.12 1.919 21 0.685 


DglUcO!Z phosphate 


D-glucose phosphatecholesterol 
3-0-Methyl- Lecithin-dicetyl 1.03 45 2.5 1.764 20 0.673 


phosphate 


Data taken from Reference I .  


curve a 20% change in the permeability coefficient was difficult to 
detect, while in the dilution-release case a 20% change in the 
permeability coeffcient significantly changed the theoretical curve. 


Several workers utilized liposome dispersions prepared from a 
lecithin-cholesterol-dicetyl phomhate mixture for solute transport 


D-glucose in this dispersion system was smaller by a factor of 
2.4 compared to the dispersion system without cholesterol. 


CONCLUSION 


studies (2-8). There is eidence in the literature (9) that dispersions 
prepared from lecithin-cholesterol are morphologically similar to 
those prepared without cholesterol. Papahadjopoulos and Miller 
(8) indicated that cholesterol in molar proportions of up to 50% 
could be incorporated without apparent change in the general 
morphology of the spherules. Although permeability coefficients 
have never been determined in such dispersion systems, a decrease 
in the permeability of glycerol (10) was observed when liposome 
dispersions were prepared from egg yolk lecithin and cholesterol 
compared to the dispersions prepared from lecithin alone. This 
decrease was proportional to the concentration of cholesterol. 
Similar observations were made (1 1) on chloride permeability. In the 
light of such studies, the results of the transport of 3-0-methyl-& 
glucose in liposome dispersions prepared from lecithin-dicetyl 
phosphate containing cholesterol were found interesting. The ex- 
perimental data of the direct-release and dilution-release cases are 
given in Fig. 5 and are compared with the computation results 
utilizing a best set of parameter values (Table I). In Fig. 6 the 
experimental results of 0- and 2-hr. uptake-release experiments are 
compared with the theory, utilizing the same set of parameter values. 
The effective bulk permeability coefficient obtained for 3-0-methyl- 
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Figure &Comparisons of experimental data and results of computa- 
tions using the monosize, multiconcentric layer Model 2 for the u p  
take-release experiments, using a lecithin-dicetyl phosphatexhdes- 
terol dispersion system. Key (symbols represent experimental data): 
e, 0-hr. uptake-release experiment; and A, 2-hr. uptake-release ex- 
periment. Curws represent results of computations. Curves a and b 
represent theory for the 0- and 2-hr. uptake-release cases, respectively. 
The parameter oalues are giwn in Table I .  


The present study has demonstrated the effect of a group substitu- 
tion on the permeability coefficient. A %-fold increase in the perme- 
ability coefficient is obtained by the substitution of a hydroxyl 
group at the 3-position in &glucose by a methoxy group. 


This work has also shown that the dispersions prepared from a 
lecithin-cholesterol-dicetyl phosphate mixture yielded a smaller 
permeability coefficient than dispersions prepared without choles- 
terol. 


In the development of the method (l), three different initial boun- 
dary conditions which led to three types of experimental procedures 
(direct release, dilution release, and uptake release) were selected. 
The usefulness of the choice of these procedures is supported by 
the present investigation. For solutes having relatively large per- 
meability coefficients, the dilution-release experiments become more 
sensitive than the direct-release experiments in the determination 
of permeability coefficients. 
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DRUG S T A N D A R D S  


Drug Purity Profiles 


LEE T. GRADY, SUE E. HAYS, ROBERT H. KING, HANNAH R. KLEIN*, WILLIAM J. MADER*, 
DOROTHY I(. WYATT., and RUPERT 0. ZIMMERER, Jr. 


Abstract 0 Physical constants and purity determinations are given 
for 115 drug substances. Phase solubility analysis, differential 
scanning calorimetry, and chromatographic data are reported. 
High-low TLC, which has emerged as a useful, if imprecise, tool 
for purity approximation, is described. The concept of purity profile 
is discussed and examples are given; general observations on the 
utility of methods are made based on cumulative experience. 


Keyphrases 0 Drug purity profiles-phase solubility analysis, 
differential scanning calorimetry, and chromatographic data for 11 5 
drugs 0 Purity-indicating methods-phase solubility analysis, 
differential scanning calorimetry, and chromatographic data for 
11 5 drugs TLC, high-low-analysis, purity profiles for 11 5 drugs 
0 Differential scanning calorimetry-analysis, purity profiles for 
1 I5 drugs 0 Phase solubility analysis-purity profiles for 115 drugs 


As a service to pharmaceutical analysts, useful phys- 
ical constants and purity profile data are recorded here 
for samples of 115 drug substances, which were ex- 
amined as candidates for adoption or continued official 
recognition as reference standards by either the USP 
or the NF. General observations on the purity-indi- 
cating methods are offered based on extensive experi- 
ences with this large number of drug substances. Such 
broad experience is rare in purity-indicating method- 
ology, and these observations may be of value to ana- 
lysts in preparing purity profiles. 


These are not the only data available to the USP or 
the N F  in connection with evaluation of candidates 
for recognition as standards. Moreover, these data do 
not represent the full scope of this laboratory's con- 
tribution to the USP and NF programs; notably, no 
results of monograph tests and assays are reported here. 
The samples cannot be presumed to have been found 
acceptable when evaluated here or in the collaborating 
industrial and governmental laboratories. Only data 
generated by this laboratory are reported. 


METHODS AND MATERIALS 


Phase Solubility A ~ l y s l s  (PSA)-Collection and interpretation 
of PSA data were described fully elsewhere (1). The usual procedure, 
described in NF XI11 (2), consists of charging eight ampuls which 
are then flame sealed and rotated end-over-end at 25" for 2 weeks. 
Initial solubility data are obtained occasionally by the method of 
Reilly and Rae (3), but most often by the approximate method de- 
tailed here. Supernates are examined for evidence of decomposition, 
when deemed necessary, by TLC. Nitrogen-sparged or degassed 


1 About IS Z of these were not suitable for reference standard usage. 
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solvents are used for easily oxidized compounds. 
Results from a PSA experiment may be evaluated graphically or 


by the least-squares best-fit treatment which affords acontidence 
range (1). Arbitrary confidence classes are assigned (Table I) based 
partly on that calculation and partly on experienced inspection of 
the graph. Extrapolated solubility values in pure solvents or in 
azeotropes are accurate within 0.3 mg./g. for Classes A€; mixed 
solvents, however, introduce yet another variable. With respect to 
the testing strategy, these classes have the following meanings: A 
or B, almost conclusive or strong evidence of the (im)punty of a 
sample; C. good evidence, but requires several supporting data; 
and D, possibly useful as supporting evidence in conjunction with 
strong alternative evidence. Where an adequate number of tubes' 
is used, a poor confidence rating may reflect either minor sohte 
decomposition in that solvent or inadequate equilibration or drying 
time. Similarly, solid solutions of the solute with its impurities may 
be revealed so that an alternative approach is needed. Points near 
the intersection of the graphical 45 O line and the saturation line, i.e., 
those with sample charges less than 2Ox above the solubility, 
occasionally have been found to reflect higher apparent solubility 
which can lead to purity values in excess of 100%; this can arise 
from two interrelated phenomens: failure to reach equilibrium and 
the known higher solubility of fine particles. 


Some PSA data listed in Table I were reported earlier ( I )  from 
this laboratory but are repeated here to support the evaluation of 


Approximate Solubility-This method is not as rapid as some 
other approximate methods, but it is much more conservative of 
the sample, which is often a consideration with high purity drugs. 
It does not require assay of the solution and is designed specifically 
to identify solvents for PSA rather than to establish sample solubility 
in a given solvent. The resultant value is usually fl mg./g. of the 
actual value determined by solubility analysis. 


Accurately weigh about 30 mg. of sample into a screwcapped 
test tube and add three 1.0-ml. increments of the candidate solvent 
by pipet, mixing on a vortexcausing mixer after each addition. 
Solubility levels of 30.15, and 10 mg./ml., respectively, are revealed. 


If the sample dissolves immediately in 1 ml. or does not dissolve 
appreciably in 3 ml., this solvent is ruled out for solubility analysis. 
If the sample is almost dissolved at any of the three increments, 
place the stoppered tube in a 25' bath overnight and then observe 
the extent of solution. At this point, solubility values of about 10, 
15, or 30 mg./ml. or values lying between 10 and 15 or between 
15 and 30 mg./ml. are identdled. Prepare one or two additional 
tubes, each containing 1 ml. of solvent. The addition of 12.5 mg. of 
sample will allow definition of solubility in the 10-15-mg./ml. 
range after standing at 25" overnight; similarly, a 22.5-mg. sample, 
followed by yet another intermediate sample, allows determination 
of approximate solubility in the lS-U)-mg./ml. range. A total of 
three tubes is usually sufficient, and analyst experience normally 
allows even more simplification. Correction for solvent density is 
not made in selecting sample and solvent weights for charging the 
PSA tubes. 


high-low TLC. 


'Adequate with respect to the lateau values used in least-squares 
calculation. .The number (n) used for the entries in Table I IS coupled 
with the assigned confidence class. The data are. for practical purposes, 
univariant and calculated accordingly. 







Tbennoanalytid Purity*-Estimations of purity from melting 
behavior are made by the modified, integrated Van't Hoff relation- 
ship presented by Gray (4) for use with thermograms recorded by 
dHe.rential scanning calorimetry (DSC) instruments. Temperature 
correction using the slope of the indium endotherm is always ap- 
plied. Usually the sealed pans offered by the manufacturers are 
used, but a nitrogen environment is needed for some compounds. 
Work in this laboratory' has revealed no significant or predictable 
difference in estimates of impurities where thermograms from the two 
commercial systems were handled in similar fashion. The published 
baseline corrections are not necessary for these purposes and are not 
included in the entries in Table I. This same observation was made 
independently by other workers'. 


In Table I, TO is the extrapolated thermodynamic melting point 
relative to indium. Separate calibration is needed to express these 
values in terms of the USP-NF melting range because the methods 
are substantially different. There is no significance to the fact that a 
given To, converted to Celsius, falls within or outside monograph 
limits. 


The AHf values for ultrapure compounds are reproducible (5) 
with an internal precision of about 2% by quantitative differential 
thermal analysis (DTA). Few of the compounds here are ultrapure, 
and it is known that the AH/ values obtained depend on the sample 
purity; therefore, these data are not to be construed as highly 
accurate thermodynamic constants even though they may be the 
best values available. For this same reason, values with defined 
internal precision were not collected. All these values are corrected 
for premelt and are based on AH, indium = 6.78 cal./g. 


Qualitative TLC-Commercial, precoated glass plates or alumi- 
num sheets are used exclusively. Silica gelo is the most common 
adsorbent, but neutral alumina and microcrystalline cellulose 
(MN-254) are also used. Four systems are developed for each drug 
substance and, because most are ionizable, the usual practice is to 
identify both acidic and basic developing solvents. Systems giving 
Rj 0.3-0.7 for the main spot are preferred. Three visualization 
techniques are identified. Nonreactive solvents are used where 
possible'. Artifact identification is made by: (a) spotting fresh and 
day-old solutions, and (b) two-dimensional TLC, involving wetting 
of the main spot of the first chromatogram with spotting solvent, 
drying, turning, and then developing the second chromatogram. 
Total spots listed in Table I reflect all four or three out of four 
systems, corrected for artifacts revealed by two-dimensional TLC. 
This allows reasonable estimation of the number and type of im- 


General High-Low TLC Procedure -Sample Solurion-Repare 
a sample solution in a suitable solvent at a concentration of about 
10 mg./ml. Nonreactive solvents are necessary, preferably degassed 
or nitrogen sparged. Dilute portions of this solution to concentra- 
tions of 1 and 0.5 mg./ml. These directions are general, and oc- 
casional solubility problems require their modification. Usually it is 
possible to apply 220 mcg. or more of drug sample and not exceed 
25 pl. sample volume. 


Reference Solurion-A 10-mg./ml. solution of the specified 
reference standard in the same solvent is used to compare the 
identity of subsequent batches of the same drug substance. 


Preparation-Divide a suitable TLC plate, 20 cm. square, coated 
with a 0.25-mm. layer of chromatographic silica gel mixture, into 
three parts: 2.2, and 16 cm. in width. Spot 2 pl. of the reference 
standard solution (if available) in the first division on a line 1.5 cm. 
from the lower edge of the plate, spot 20 pl. (or largest volume 
to be spotted) of solvent in the second, and spot volumes equivalent 
to 250 (200, 100), 10,5,3,2,1, and 0.5 mcg. of the sample in the last, 
taking care to obtain Comparable starting spots. Allow the plate 
to develop in a suitable chamber, usually lined with filter paper, 
which has been allowed to equilibrate at least 1 hr. with the 
specified developing solvent. 


When the solvent reaches a height of 15 cm. from the origin, 
remove the plate from the chamber and air dry. Locate and corn- 


purities. 


s Two commercial instrumental systems are used in this laboratory, 
the Perkin-Elmer DSC-1B and the DuPont 990 thermal analysis system. 


4 Drug Standards Laboratory, unpublished comparauve study. ' D. L. Sondack. T. E. Cole, and J. K. Frishmann, personal com- 
munication. 


4 Merck F154. 
'Acetone reacts with many dru s and is rarely used as a spotting 


solvent, although it is a common sofubility test for identity. 


pare spots and relative intensities under long- and shortwave UV 
light. Spray with 0.5% 1% in chloroform and again rate the relative 
intensities of spots. Allow the iodine vapors to dissipate. Spray 
with 40% Ha01 in methanol and view under a UV handlamp. 
Heat the plate and again view under UV light. For each visualiza- 
tion, estimate the relative abundance of spots as follows: compare 
each impurity spot in the 250-mcg. sample spotting to the main 
spots from the 0.5-10-mcg. spottings and assign a value to the rela- 
tive intensities. For example, 0.4% impurity in the 250-mcg. sample 
has an intensity equivalent to  the 1-mcg. main spot: (1 mcg./250 
mcg.) X 100 = 0.4%. A densitometer may be used for these com- 
parisons. Compare the reference standard mobility to that of the 
10-mcg. sample spotting as an identity test. In most cases, acid- 
base indicators, ninhydrin, or DragendorR sprays are used in this 
scheme. The 20@ and 100-mcg. spottings are useful where there is 
evidence of overloading at the 250-mcg. level. Smaller spottings 
often are not visualized by one or more of the methods, so sen- 
sitivity estimates must be revised. 
High Reawre Liquid Chromatography-An instrument' fitted 


with a gradient elution accessory is used with 1.0-m. X 2.1-mm. 
stainless steel columns. Commercial, coated packings with chem- 
ically bounded phases' are used usually with hydroalcoholic eluants 
in a reversed phase, gradient elution mode. Temperatures between 
30 and 50" are employed at pressures up to 80 atm. to obtain flow 
rates between 0.5 and 1.5 ml./min. Only the low pressure mercury 
line, 254-nm., detector was used for the drugs reported herein. 
Drugs were dissolved wherever possible in one of the eluting sol- 
vents, 10-30 mg./ml., just prior to *tion of 10-100-mcg. samples. 


GLC-A temperature-programming instrumentlo is used with 
flame-ionization detectors. Only the relatively inert methyl and 
methylphenyl silicones (OV-I, OV-17, and 0V-61)11 on silanized 
diatomite are used after curing and conditioning, as instructed in 
the General Tests section of N F  XI11 (2). 


DISCUSSION 


The objective of this laboratory's examination of these samples is 
to allow an independent recommendation to the compendia as to 
the suitability of a sample for adoption or continued recognition as 
a standard. To accomplish this goal, it is not deemed necessary to 
discern precisely and reliably between, say, 0.3 and 0.4X impurity; 
rather, it is important to recognize samples containing, for example, 
1% or greater impurities, to detect an increase in impurities of a 
few tenths-percent in a sample during storage, or to identify relative 
differences in impurity contents of subsequent batches of the same 
drug. Thus, those obvious experimental enlargements leading to 
more precise values are not pursued once information adequate to 
the objective is in hand. The data presented here, on the whole, 
are to be considered as having moderate precision. 


Purity estimates should not be based on a single type of data. No 
method is universally applicable or reliable. Purity values ob- 
tained are in different units (mass or mole purity, visualization 
response, flame-ionization response, 254-nm. absorptivity, etc.), 
and these measurement units can be interconverted only where the 
identity, properties, and proportions of all impurities are known. 
Such thorough dehition is unusual and seldom valuable and is not 
the case for the samples listed here. 


The individual purity-indicating data converge to establish a 
profile of purity. It is this profile of purity that is meaningful and 
that permits decisions about the scope of analytical utility of a given 
sample. 


There is no practical value to reconciling differences between 
purity-indicating data of moderate precision where both or all 
methods show the material to be satisfactory or unsatisfactory for 
the intended uses. Testing strategy and evaluation must begin with a 
statement of the intended uses of a standard. Different weights are 
placed on purity profile data according to intended standard usage, 
i.e., as a chromatographic assay standard as opposed to an IR 
identity test or a limit test. 


Alternative approaches to purity determination are known. 
Certified contents of the main or minor component by a defined 


a DuPont 820. 


]OH brid of H & P  5750B and %&M 810modules. 
11 Ob-61 has since been discarded due to thermal instability. 


Perma hawzipax:  octadec Mane (ODS), a saturated hydrocarbon 
polymer (I-fCP) and an e t h e r d  olymer (ETH). 
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method are necessary for such applications as primary titrimetric, 
calorimetric, or trace standardsll. Exhaustive definition of the 
identity and quantjty of every impurity in a given lot of drug stan- 
dard has been achieved elsewhere for a few compounds, but this 
approach has wn judged unsatisfactory and uneconomical1*. 
Practical evaluations of a few ultrapure reagent sa1pples14 and the 
strategies involved were discussed recently (6). 


Prbfile Interpretations16-Estradiol dipropionate was evaluated 
by PSA, DSC, TLC, and,high pressure liquid chromatography. 
The material was proposed for use partly as a reference standard in 
a UV assay. Solubility analysis showed 0.8% mass impurity, and 
Scanning calorimetry revealed 0.5 mole % eutectic impurity. High- 
low TLC and GLC gave a 1 .O-1.2 % impurity level. At this point, the 
material could be used as a standard for IR or thin-layer identifica- 
tion purposes. However, liquid partition chromatography revealed 
six components and that ohe of the impurities was intensely UV ab- 
sorbing, about 15 % of the area under the curve at 254 nm. Another 
sample showed 7% in the 254-nm, data but more mass impurities. 
Collection of the main impurity showed that it interfered about 
6 and 3%, respectively, at the monograph wavelength of 268 nm. 
Therefore, the material was unacceptable as a UV assay standard. 
This is a striking illusrmtion of the necessity of interpreting purity 
profie data in light of the intended uses of a standard. 


Betamethasone w8S evaluated by liquid partition chromatog- 
raphy; about 1.4% UV absorbing impurity was evident. Quantita- 
tive TLC showed only 0.5% and high-low TLC indicated 1.0% 
impurity. Thermal decomposition precluded an estimate of eu- 
tectic impurity. Solubility analysis in a polar alcoholic solvent 
revealed that the main component was only %.3x pure. Because 
polymorphism could account for a discordant, solubility analysis, 
especially for a steroid, a second solubility analysis, this time in an 
ethereal solvent, was performed. The result, 96.5 %, was confirma- 
tive, excluding polymorphism as an explanation for the data. The 
presence of process-related, saturated steroids was suspected, 
because these would not absorb UV light and, therefore, would not 
be revealed by either quantitative TLC (recovered versus original) 
or the 254-nm. detector; less detectability is anticipated with 
most visualization reagents so that the high-low value would register 
less than the mass present. A subsequent batch assayed 98.7% by 
solubility analysis, high-low TLC revealed 1.2% impurity, and liquid 
chromatography showed only 0.7% impurity. The UV absor- 
bance at the monograph wavelength was a b u t  1% greater than 
that of the former batch, which partially confirmed the interpreta- 
tion. 


Acetanilid was marked for use as a melting-point standard. The 
material was chromatographically homogeneous. Calorimetric 
purity analysis indicated that less than 0.02% eutectic impurities 
could be present, the most desirable feature for a melting-point 
standard. On the other hand, estradiol cypionate was shown to 
contain about 0.8% impurity, mostly estradiol, by chromatography, 
whereas eutectic impurities registered only 0.1 %. Such discordance 
of calorimetric purity with other methods is particularly severe in 
steroids where solid solutions are commonplace. 


Norethynodrel was evaluated by solubility analysis, calorimetry, 
and TLC. A three- or four-component mixture was indicated by 
TLC, and a 1.8z eutectic impurity w& in evidence. Solubility 
analyses in two solvent types both demonstrated a high level of im- 
purity, about 2.1 %. A subsequent batch showed unusual correlation 
of H A ;  DSC, and high-low TLC values at the 1.6% level which, 
for a compound of this type, may be currently the best achievable 
purity. 


Dexchlorpheniramine maleate was found by solubility analysis 
to  contain a less soluble component (13.8%) and soluble impuri- 
ties (1.6%). The 13.8% component was interpreted as the racemic 
compound due to the presence of a 6.9% I-isomer. The solubility 
of the racemic compound (4.5 mg./g.), allowing for mass action 
due to maleate, was consistent with the value predicted from the 
phase diagram, and chromatographic data also were consistent 
with this interpretation. 


~ ~ ~~ 


"The National Bureau of Standards is the major source of such 


1) C. A. Johnson, British Pharmacopoeia, personal communiqtion. 
1 4  Ultrapure reagents are needed mostly in trace and inorgaruc anal- 


YM. 
1' Only the specialipxl purity-indicating data are listed here; mono- 


graph tests were performed on each, such as moisture content. spectral 
characteristics, and optical rotation. 


standards. 
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Most of the prdes  in Table I are straightforward, and the above 
examples were chosen to illustrate either the interpretations of 
discordant data or the variable weight assigned to data with IC- 
spcct to the intended uses of a standard. 


COMMENTS ON METHODS 


PSA-Procedures and interpretation of results were discussed in 
detail elsewhere (1, 2, 7, 8). This laboratory has made available 
systems for 120 drugs [including those of an earlier summary (I)]. 
Approximate solubilities may not be close enough to the PSA- 
determined value, particularly where substantial impurities exist, so 
that additional tubes may be required at a later time to fill in the 
phase diagram. This open-ended feature of PSA is valuable. where 
greater precision or definition is required, more tubes may be added. 
More importantly, additional solvents or temperatures may be 
chosen. Indeed, identical results of solubility analyses in two chem- 
ically different solvents may be taken as conclusive purity evidence. 


PSA is the most generally applicable absolute purity deter- 
mination. Scrupulous attention must be given to technique and 
choice of systems. A disadvantage of the method is the lengthy 
elapsed time1a before interpretation is possible. Solid solutions (9) 
and disproportionation of salts (10) are encountered occasionally, 
but recent modifications show promise of extending the scope of 
solubility analysis to these difiicult situations, Successful analysis 
(10) of atropine sulfate has been reported using a picric acid system, 
whereas probable disproportionation has prevented analysis in 
this laboratory by the usual procedure. Apparent polymorphism in 
the solvent is a more common problem, particularly with steroids, 
and this may explain the data for hydrocortisone, norethindrone 
acetate, and prednisolone acetate. A change of systems would be 
indicated where other purity profile information does not allow 
interpretation. 


Hi@-Low TLC-The need for a semiquantitative TLC test, 
one that could be used to validate precise but unselective assays 
such as titrations, has existed for some time. Obvious theoretical 
arguments against the accuracy of such a test can be overwhelming; 
nevertheless, it is one purpose of this report to prove the practical 
value of one such procedure by comparison of the results of (im) 
purity estimates with values obtained by more definitive methods. 
High-low TLC has been instituted in this laboratory out of a sug- 
gestion from JohnsonIJ. The need for such a test arose from the 
reference standard evaluation program, in which samples contain- 
ing minor impurities must be evaluated without benefit of compari- 
son to other standards. This situation is critical in instances where 
neither solubility nor calorimetric analysis has yielded interpretable 
purity data. 


Typically, varying sample sizes are spotted on a single plate, the 
chromatogram is developed. and unselective visualization methods 
are used. Impurity spots in the heaviest spotting are compared in 
intensity and size to the main spot in each of the smaller sample 
applications, and the estimated impurities are summed for an overall 
estimate. The limiting assumption here is that the drug samples are 
contaminated with chemically related materials. Even with related 
materials, responses vary so that the usual practice is to use three 
unselective visualization methods. This method is a realistic a p  
proach only where a few percent of impurities are anticipated. 


High-low TLC is most useful exactly where quantitative (by 
extraction) TLC is not reliable, such as distinguishing between 0.5 
and 1.0% impurity and ranking subsequent batches of the same 
drug. TLC data, in general, have not been useful for materials 
having less than 0.2% impurities. 


Correlation of high-low results in Table I with PSA and DSC 
data shows that this method is reasonably reliable, usually within 
0.5% of the total impurity, with HA-TLC being better correlated 
than DSC-TLC. High-low TLC and qualitative TLC are val- 
uable tools in constructing purity profiles. and the use of these 
procedures in conjunction with DSC is recommended strongly far 
validation. 


Other Chromatograpby-Qualitative and quantitative TLC 
evaluation of drug purity and stability is commonplace and re 
quires no discussion. It is important to note that recovery and pre- 
cision considerations easily obscure purity information, particularly 


where an established standard is not available for direct comparison. 
In quantitative thin-layer work, the bias is usually in the direction of 
underestimating the recovered species, and assays are of little 
value when a standard of known purity is not available. 
GLC purity estimates play only a minor role in initial establish- 


ment of, as opposed to comparative assay with, a reference stan- 
dard. GLC purity alone is valid only for distillates. becaw only the 
volatile portion of the sample is eluted for measurement. Similarly, 
only the least polar phases are of value in general purity work. 
Multiple products are not unusual with derivatization, and any 
reaction or extraction can constitute a puriacation step, Thermal- 
Wxtion artifacts are all too common but are easily distinguished 
from impurities by comparison of chromatograms resulting from 
stepwise variation of injection port temperature from that of the 
column to 150” hotter (“hot-port” experiment). 


High-pressure liquid chromatography has substantial potential 
for purity-indicating data, but applications of this technique are 
too recent to allow many generalities. At present, it appears that 
this recent instrumental development, along with excellent new 
packing materials, has made available a major purity test. Separate 
evaluation of this tool is planned. 


=-As a first proposition, this method cannot be regarded as 
ever yielding absolute estimates of (imlpurity. However, where 
prudently applied, this method can be of great value in drug purity 
evaluation. Combined with strong supporting evidence such as 
TLC, the method is well suited to purity and stability evaluations. 
The method is capable of considerable precision and reproducibility. 
Discussions of the experimental details and scope are available (5, 
11-14). Reliance on this method requires at least the exact knowl- 
edge of the history of a sample and the types of likely impurities. 
hecalibration against other purity-indicating information and 
use of defined standards are preferred. Most drug substance are not 
amenable to calorimetry because of thermal decomposition during 
melting or, in certain situations, s i g n h t  vapor pressure. Ex- 
perience with more than 150 compounds, randomly received, in- 
dicates that about 3OZ of official drug substances yield calculable 
thermograms. The problem of low AH1 compounds was recognized 
earlier (13). In these cases, and for solid solutions as well, melting- 
point phase diagrams, as discussed by Marti ei d. (14), may be of 
value, but samples with proven purity are needed to construct the 
diagrams. All these remarks apply only to quantitative DSC and 
not to the major value of thermal analysis for such phenomena as 
polymorphism. 


Several distinctive problems should be discussed. Only eutectic 
impurities are revealed; solid solutions lead t o  impurity estimates 
that are too low. The thermogram does not reveal solid solutions 
(12). For example, the prrsence of 3.6% added norethindrone in 
norethynodrel was not measured by DSC, although this is measur- 
able by UV spectrophotometry; in contrast, the presence of added 
mestranol was revealed by DSC. 


Correction for the fraction of sample melted prior to instrumen- 
tal response is a feature of the usual DSC method (1 1-13). This 
empirical correction (and resulting slope and impurity value) de- 
pends on an arbitrary choice of those areas to be used in the tem- 
perature wrsus reciprocal fraction-melted plot. For example, 
varying the choice of areas in the phenacetin analysis resulted in 
premelt factors ranging from 1 to  15% and in impurity values 
ranging from 0.02 to  0.40 mole %. 


The To and AH! values are &ected somewhat by the random 
selection of areas, but minor variation in these values has negligible 
&ect on the calculated impurity. The premelt correction is varied 
until the theoretical linear relationship is visually obtained in the 
plot. However, many drugs yield S curves in the plot, which cannot 
be even approximately linearized. Remelt correction then is entirely 
arbitrary, allowing for great variability in the ‘final impurity cal- 
culation. Such was the case with diphenhydramine hydrochloride, 
ethacrynic acid, hexachlorophene, menadione, methamphetamine 
hydrochloride, norethindrone acetate, norethynodrel, phenacetin, 
and phenprocoumon. For example, impurity values between 0.2 
and 0.4 mole could have been reported for phenprocoumon be- 
cause of visual uncertainty in determining the best line for the data. 
The values reported” in the table for these drugs represent results 
obtained using the premelt correction yielding the least-squares 
beat fit with the lowest standard error. A three.-point estimate is 


~~ 


A vibrational method is used elsewhere but has not been found to 
be reliable here except in instances of large sample charges. 17 Calculated by means of a programmable desktop calculator. 
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also used (15). In cases where S character is strong, we recommend 
that impurity values be calculated using several premelt correction 
values as an indication of the confidence. Computer programs that 
calculate a single value for impurity based on a single best fit should 
be used with caution, as the degree of S character is not specifically 
determined even though the premelt correction is well controlled. 
Studies on the impact of this problem are in progress. The magni- 
tude of the premelt correction in Table I correlates roughly with the 
level of impurity, as should be expected: 0.0-0.2 mole % impurities 
averaged 3.3 premelt correction, 0.2-0.5 mole averaged 6.8 
premelt corr-on, and >0.75 mole % averaged 11% premelt 
correction. A sample that generates a premelt correction not con- 
sistent with this trend should be examined more carefully by other 
methods before such purity data are interpreted. 


SUMMARY 


Purity constants and analytical systems are reported for samples 
of 11 5 official drug substances analyzed by various combinations of 
PSA, DSC, high-low TLC. GLC, and high pressure liquid chro- 
matography. General experiences are discussed for these purity- 
indicating techniques. No one method is universally reliable or 
applicable, and purity decisions should be based on the largest 
variety of data available. 
The individual purity-indicating data on a given sample converge 


to establish a profile of purity. It is this purity profile that is mean- 
ingful and that allows decisions about the scope of usefulness of the 
sample as a reference standard. Examples of interpretations are 
given for a few of the purity profiles. 


PSA continues to be the most valuable and generally applicable 
purity technique. DSC has value in the construction of purity 
profiles, but it can never stand alone and is applicable to only a 
minority of drugs. GLC is of minor value in establishing purity 
profiles. On the other hand, high pressure liquid chromatography 
has demonstrated a potential for major value in purity work. 


Despite the inherent inaccuracies in high-low TLC, a direct cor- 
relation exists in the majority of cases between the values obtained 
by PSA and this method. It is possible, where a rapid method is 
needed, to determine approximate purity within a day using high- 
low TLC, especially where a marked correlation exists between 
purity estimates determined by the methods discussed here. 
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Mechanism of Action of Retinyl Compounds on 
Wound Healing III: Effect of Retinoic Acid 
Homologs on Granuloma Formation 


K. H. LEE’, CHERNG-CHYI FU, MICHAEL R. SPENCER, 
THEODORE G. TONG, and RICHARD POON 


Abstract 0 A series of homologs of retinoic acid was synthesized. 
The activities of these compounds on granuloma formation in- 
duced by implanted cotton pellets were studied. The compound 
(pCn acid) with two more carbons on the side chain of retinoic 
acid is the most active. The hexosamine and hydroxyproline contents 
in the granuloma affected by these compounds are also increased. 
The mechanisms of action of these compounds on wound healing are 
discussed. 


Keyphreses 0 Retinoic acid analogs-synthesis, &ect and mech- 
anism on granuloma formation 0 Wound healing-synthesis of 
retinoic acid analogs, effect and mechanism on granuloma forma- 
tion 0 Granuloma formation-synthesis, effect and mechanism of 
retinoic acid analogs 0 Structure-activity relationships-effect of 
retinoic acid analogs containing 2,6,6trimethylcyclohex-l-ene ring 
on granuloma formation 


Previous reports showed that a few retinol-related 
compounds promote skin wound healing in rats (1-4). 
The structure-activity relationships of a few naturally 


0 


occurring compounds related to retinol were studied 
(3). The fact that retinol, retinyl acetate, and retinoic 
acid are all active in promoting wound healing indicates 
that the primary alcohol group is not essential. fl- 
Carotene, the natural precursor of retinol, is active. 
Lycopene has essentially the same structure as fl- 
carotene except that it does not have a closed ring at 
either end of the molecule. Lycopene is inactive. 0- 
Ionone has essentially the same trimethylcyclohexene 
ring as retinol or fl-carotene, but it has a shorter side 
chain. fl-lonone is active, but it is less active than 
retinol. d o n o n e ,  with only the position of a double 
bond in the ring different from fl-ionone, is not active. 
It is clear that the 2,6,6-trimethylcyclohex-1 -ene ring is 
essential for activity. 


The present study concerned the structure-activity 
relationship of side-chain length of retinoic acid and 
tissue regeneration. The growth of granuloma in- 
duced by the implanted cotton pellet technique, as 
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described previously (4), was used. Jackson et al. ( 5 )  
pointed out that the repair of connective tissue is the 
most basic feature in wound healing, and they used the 
formation of granuloma induced by polyvinyl sponges 
to study healing. Sandberg and Zederfeldt (6) found that 
the rate of gain in tensile strength and hydroxyproline 
in granuloma was directly related in both rats and 
rabbits. We have found that only those compounds that 
are active in increasing tensile strength also increase the 
size and weight of granuloma induced by either cotton 
pellet or polyvinyl sponge. Granuloma formation is a 
useful quantitative method to study wound healing. 


EXPERIMENTAL1 


Materials and Special Cbemicals-Materials and chemicals used 
in this study included the following: crystalline hydroxy-L-proline'; 
retinoic acid', all-rrans, Sigma grade, Type XX; D-glucosamine 
hydrochloride', A grade; sodium hydride', 57% oil dispersion; 
lithium aluminum hydride powder', 97.5%; triethyl phosphite', 
9 7 z ;  8-ionone', n z  1.584"; trimethylphosphonoacetate'; ethyl 4- 
bromocrotonate6, 75%; tetrahydrofuran', 99.5%; 1,2-dimethoxy- 
ethaneo; pdimethylaminobenzaldehyde6, reagent grade; ether', an- 
hydrous; phosphoric acid N F ,  85%; and dental cotton roll8, size 
1. 


Implantation of Cotton Pellet--The effect of retinoic acid and its 
homologs (I-VII, Table I )  on granuloma formation in rats 
was evaluated by the cotton pellet method (7). Cotton pellets 
are disks sliced from dental rolls with a sharp razor blade. Disks 
weighing 20 f 0.5 mg. were placed in petri dishes for sterilization 
in a steam autoclave for 40 min. at 115". The sterilized cotton disks 
were handled with sterilized instruments and an aseptic technique. 


Growth of granulation tissue in cotton pellets was induced by 
subcutaneous implantation at two symmetrical dorsolateral sites 
on Sprague-Dawley male rats, weighing 120 f 2 g., under ether 
anesthesia. 


The cotton pellet implanted on the right side contained 2 mg. of 
the. test compound, and the cotton pellet implanted on the left 
side served as the control. The compound under study was dissolved 
in tetrahydrofuran, and 0.05 ml. of the solution was introduced into 
the pellet from a 0.25-ml. syringe with a size 20 needle. The tetra- 
hydrofuran was completely evaporated in a vacuum desiccator 
connected to a life vacuum line under total darkness. Two hours 
was sufficient to evaporate all of the tetrahydrofuran. On the 7th 
day after implantation, the granulomas formed were carefully 
removed and the wet weight was measured right after removal. The 
granulomas formed were dried at 65" for 3 days, and the dry weights 
of the granulomas were measured. 


Chemical Analysis-All of the dried granulomas resulting from 
a test compound of one experiment were combined in a digestion 
tube. One milliliter of 6 N HCI was added for each granuloma. The 
control dried granulomas were digested in a separate tube. 


The lower part of the digestion tube is 25 mm. in diameter and 
100 mm. in length; the upper part of the tube is 10 mm. in diameter 
and 100 mm. in length. It can be easily made from a 25 X 200-mm. 
Pyrex test tube. The digestion tube was sealed iti oacuo, and the 
contents were hydrolyzed at 115" in a constant-temperature heating 
block or in an oil bath for 4 hr. After cooling to room temperature, 
the seal of the tube was broken and the contents were carefully 
neutralized with 6 N NaOH. The contents were then filtered with 


'The  NMR spectra of the synthesized compounds were measured 
with either a Varian A-60 analytical spectrometer or Jeolco J N M- 
4H-100 spectrometer. A Cary IS double-beam UV spectrophotometer 
and Perkin-Elmer 1R spectrometer were used to measure U V  and 1R 
spectra. Elemental analysis was performed by the Chemistry Depart- 
ment's Microchemical Analysis Laboratory, University of California. 
Berkeley, Calif. 


2 Sigma Chemical Co., St. Louis, Mo. 
8 Calbiochem, Los Angeles. Calif. 
4 Alpha Inorganicq Beverly, Mass. 
6 Aldrich Chemical Co.. Milwaukee, Wis. 
4 Eastman Kodak Co.. Rochester. N. Y. 
7 Mallinckrodt Chemical Works, St. Louis, Mo. 
8 Johnson & Johnson. New Brunswick, N. J. 


._ . 


the aid of suction. The original digestion tube and the filter were 
rinsed several times with small portions of distilled water, and the 
filtrate was brought to volume in a suitable volumetric flask. Ali- 
quots were used for hydroxyproline and bexosamine analysis ac- 
cording to the methods described by Woessner (8) and Cessi and 
Piliego (9). respectively. 


Synthesis-Small quantities of analytically and spectroscopically 
pure Compounds I1 and 111 were used as received'. More of these 
compounds were synthesized by following essentially the published 
methods (10) with good success. The method for synthesizing Com- 
pound I was modified. Compounds V and VI are new. Compounds 
V, VI, and VII were synthesized from retinol acetate according to 
Scheme I. 


2,6,6-Trimethyl-1(2 'carbox y-1 '- viny 1)cyclohex-1 -ene (I) @-C1 
Acid)-Sodium hydroxide, 240 g. (6 moles), was dissolved in water 
to  make 600 ml. solution in a 2-1. conical flask with a magnetic 
stirrer. The weight of the flask and its contents was recorded. The 
sodium hydroxide was then cooled to -5" in an acetone-dry ice 
bath. Chlorine gas was bubbled into the sodium hydroxide solution 
until 126 g. had been introduced. The temperature was kept at 0'. 
This takes about 1 hr. The solution was then poured into a 4-1. 
beaker, and 100 g. (0.52 mole) of 8-ionone was added into the beaker 
in a slow stream with stirring. The stirring was continued at room 
temperature after the addition of 8-ionone for 3 hr. 


Methanol (120 ml.) was slowly added to the contents in the beaker 
with stirring. Vigorous reaction was started about 3 min. after the 
addition of methanol, and chloroform bubbled out from the solu- 
tion. The mixture was kept just below 80" by adding crushed ice. 
After the reaction subsided, the mixture was cooled to 2-3". The 
mixture was neutralized slowly with concentrated phosphoric acid 
(approximately 200 ml.). The final pH was adjusted to about 3.5. 
The BeII acid solidified and separated out of the solution and was 
filtered in a Biichner funnel. The acid was dissolved in ether. The 
ether solution was extracted with 10% sodium hydroxide solution 
four times, and the ether layer was discarded. The alkaline extract 
was acidified with 6 N HCl slowly at cold temperature to pH 4. The 
B-Ciz acid was extracted with ether, and the extract was dried over- 
night with anhydrous magnesium sulfate. The dried ether was 
filtered by gravity and washed with anhydrous ether, and the ether 
of the combined extracts was evaporated. The yield of crude CO 
acid was 92 g. (92%). The crude acid was recrystallized from 60% 
ethanol, and the yield was about 74 g. (7473, m.p. 107.5-108.0" 
(uncorrected) [lit. (10) m.p. 105.5-108'1; UV absorption spectrum 
(ethanol): A,, = 278 nm., t = 10,000; IR spectrum (KBr): C = O  
1690 cm.-I. c--C 1620 cm.-I; NMR spectrum (CDC13): gem- 
dimethyl 6 = 1.09 (singlet), C(I)-CH~ 6 = 1.80 (singlet), C(Z#)-- 
H 6 = 5.90 (doublet), and Ctit) -H 8 = 7.60 (doublet). 


And.-Calc. for CIZHi102: C, 74.19; H, 9.34. Found: C, 73.88; 
H,9.16. 


2,6,6-TrimethyI-l-(lO'carboxy-3 ',7 '-dimethyldeca-l',3 '5 ',7 ',9'- 
pentaeny1)cyclohex-l-ene (V) (8-G Acid)-Sodium hydride (3. I g. 
57 "/. in mineral oil, 0.07 mole) was washed with ether and then sus- 


9 Supplied by Professor H. 0. Huisman, University of Amsterdam, 
The Netherlands. 


896 Journal of Pharmaceurical Sciences 







Table IS t ruc tura l  Formulas of Retinoic 
Acid Homologs Studied 


pended in dry tetrahydrofuran at 0". Trimethylphosphonoacetate 
(15.7 g., 0.07 mole) was added slowly to this suspension so that the 
temperature remained below 5". The reaction mixture was kept at 
0" with stirring for 30 min. Retinal (10 g., 0.035 M) was added as a 
solution in tetrahydrofuran over 15 min. The reaction mixture was 
kept at 0" for 30 min. and then at 35" for an additional 30 min. 
Saturated sodium chloride solution was cautiously added to  the 
mixture and cooled to 0". Extraction (petroleum ether, b.p. M"), 
drying over anhydrous magnesium sulfate, and removal of solvent 
gave a dark-red oil containing the ethyl ester of 8 - G  acid. The 
ester was immediately hydrolyzed in 100 ml. of ethanol and 100 ml. 
of a 20% potassium hydroxide solution at room temperature over- 
night. The reaction mixture was diluted with water, and the non- 
acidic impurities were extracted with petroleum ether. The aqueous 
layer was extracted with ether after acidifying with hydrochloric 
acid to pH 4, and the ether extract was dried over anhydrous mag- 
nesium sulfate. After removing the solvent, @-G acid (9 g., 7973 
was isolated. Recrystallization from 80% ethanol three times gave 
pure trans-8-Ca acid, m.p. 180.5-181.0" (uncorrected); UV ab- 
sorption spectrum (ethanol): Amax = 378 nm., t = 46,400; IR 
spectrum (KBr): C=O 1680 cm.-I,C=C 1600 crn.-I; NMR spec- 
trum (CDCla) (Fig. I): gern-dimethyl 6 = 1.04 (singlet), C~)--CHI 
6 = 1.72 (singlet), C ( ~ y - C H ,  6 = 2.00 (singlet), Cnt)--CHa 6 = 
2.08 (singlet), C(loy-H 6 = 5.88 (doublet) (J = 13 Hz., C ( S ~ - H  
6 = 6.88 (quartet), and C(sy--H 6 = 7.80(quartet)(J = 13 Hz.). 


And.-Calc. for CnH&: C, 80.87; H, 9.20. Found: C, 80.77; 
H, 9.25. 


2,6,6-Trimethyl-1-(12'carboxy-3',7 '-dimethyldodeca-1 ',3'5 ',7 ',- 
9',11-hexaenyl)cyclohex-l-ene (VI) (8-c~ Acid)-@-Cu acid was 
synthesized essentially as8-G acid except that 17.5 g. (0.07 mole) of 
triethylphosphonocrotonate was used to replace trimethylphos- 
phonoacetate for 10 g. (0.035 mole) of retinal. Thep-G, ester was re- 
fluxed in alcohol (5Oz) containing 10% potassium hydroxide under 
nitrogen for 3 hr. The yield was 10 g. (81 z). After recrystahition 
from 80% ethanol three times, pure 8-G4 acid was obtained, m.p. 
188.0-188.5" (uncorrected); UV absorption spectrum (cyclohex- 
ane): X, = 410, t = 69,800; IR spectrum (KBr): C=O 1680 
cm.-l, C==C 1600 cm.-l; NMR spectrum (CDClr) (Fig. 2): gem- 


Corn- 
pound 
NUm- 
ber structure Trivial Names 


I 


I1 


I11 


IV 


V 


VI 


VII 


P"" 
WCOOH 


W"" 
W"" 


COOH 


COOH 


dimethyl 6 = 1.04 (singlet), Cn)<Ha 6 = 1.72 (singlet), C(*#)-- 
CHI 6 = 2.00 (singlet), C(v)-CHa 6 = 2.02 (singlet), C(I*e)-H 6 = 
5.87 (doublet) ( J  = 13 Hz.), and C(I1n)-H 6 = 7.49 (quartet) 
(J = 13 Hz.). 


And.--Calc. for G4H&: C, 81.77; H, 9.15. Found: C, 81.82; 
H, 9.09. 
3~,7,ll-DodecapenCaein-2-on~,l0-dimethyl-l2-(2',6',6'-trimeth- 


yl-l'-cydohexene-1'-yl) (1') (&CO Ketone)--A mixture of 28 g. 
(0.098 mole) of retinal, 75 ml. of petroleum ether (b.p. 30-60"), 300 
ml. of acetone, and 100 ml. of 0.5 N NaOH solution was refluxed 
for 2.5 hr. After cooling, the reaction mixture was poured into 500 
ml. of ice water and 35 ml. of 2 N HtSOc The organic layer was 
separated and the aqueous layer was extracted with petroleum 
ether. The combined organic phases were washed with water and 
dried over anhydrous magnesium sulfate. Evaporation of solvent 
gave 15 g. of solid residue (46.3 %). It was crystallized from hexane, 
yielding 11.3 g. (34.8%), m.p. 104-105" @it. (11) m.p. 104-105"]; UV 
absorption spectrum (cyclohexane): A,,, = 392, t = 52,700; IR 
spectrum (KBr): C=O 1650 cm.-l, C=C 1600 crn.-I; NMR 
spectrum (CDCI,): gemdimethyl 6 = 1.03 (singlet), C(Z~,-CH~ 
6 = 1.73 (singlet), C(lo)--CH, 6 = 2.00 (singlet), C(~)-CHI 6 = 
2.10 (singlet), and C(I)-CHs 6 = 2.30 (singlet). 


2,6,6Trimethyl-l -(12f -carbometboxy -3',7',11' - trimethyldodeca- 
1',3',5',7',9',11'41exaenyl)cyclohex-l-ene (11')-Trimethylphos- 
phonoacetate, 5.46 g. (0.03 mole), in 20 ml. tetrahydrofuran was 
added dropwise to a well-stirred suspension of 0.72 g. (0.03 mole) 
sodium hydride in 200 ml. tetrahydrofuran. The temperature was 
kept at - 5-0" for 1 hr. and at room temperature for 1 hr. A solution 
of @-Cr ketone, 4.86 g. (0.015 mole), in 20 ml. tetrahydrofuran was 
then added dropwise. The mixture was refluxed for 5 hr. under 
nitrogen. It was then poured into 500 ml. of water and extracted with 
petroleum ether. The organic phase was washed with water. After 
removal of the solvent, 8 g. of crystalline residue was obtained. It 
was recrystallized from 95% ethanol to give 4 g. of 8-Gs acid 
methyl ester (70.1x), m.p. 108.5-109" (uncorrected); UV ab- 
sorption spectrum (cyclohexane): Xm.= = 402, 6 = 68,200; IR 
spectrum (KBr): C=O 1700 cm.-l. C I C  1600 cmT1; NMR 
spectrum (CDClr) (Fig. 3): gem-dimethyl6 = 1.01 (singlet), 
CHI 6 = 1.70 (singlet), C(at) + C o y - C H ,  6 = 2.00, C(ii.)-€Ha 
6 = 2.35, ester-CHa 6 = 3.7 (singlet), and C(n#)-H 6 i= 5.8 
(singlet). 


2,6,6-Trimethyl-l-( 12'carboxy-3',7',1 l'-trimethyIdodeca-l',3'$ ',- 
7',9',11-hexaenyl)eyclohex-l-ene (VII) (8 -c~  Add) -A mixture of 
4 g. (0.01 1 mole) 8-Gs acid methyl ester, 5 g. potassium hydroxide, 
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Table II-Effect of Retinoic Acid Homologs on Cotton Pellet-Induced Granuloma 
~~ ~ 


Com- Com- Body Granuloma 


Num- ber of A p  Change, -Granuloma Wet Weight, me.- Ex r i m e d /  -Granuloma Dry Weight. mg.- Experimental/ 
ber Animals plied Average Experimental Control 8 n t r o l  (p) Experimental Control Control (p) 


pound Num- pound Weight -weight-- 


I 
11 


111 
IV 
V 
VI 


VII 


6 CIS +48 213.8 s t 7 . 5  215.3 f 5.1 1.0 28.3 f 3.1 26.8 st 2.9 1.0 
6 CIS +38 214.5 f 2.3 215.4 f 5.0 1.0 27.6 f 1.0 27.8 f 0.8  1.0 


12 C1.l +50 220.5 st 8.2 2 1 8 . 0 d ~ 6 . 0  1.0 30.2 f 2.7 29.9 f 3.0 1.0 
12 C,. +50 3 3 2 . 2 f 4 . 9  2 1 8 . 7 f 2 . 5  1.5(<0.001’1 59.93Z1.7 35.13Z1.9 1.51<0.001\ - .” 
12 cn j 4 7  438.ost 5.4 m . 9 s t 7 . 4  i .9i<o.ooi j  69.8 st 2.6 36.1 f 2.5 1.9(<0.00ij 
10 Cl, +46 302.0st12.7 2 1 6 . 5 f 6 . 9  1.4(<0.001) 4 7 . 4 f 2 . 1  3 1 . 3 s t 2 . 2  1.5(<0.001) 
7 Cis +61 278.4st26.4 198 .7&4.3  1.4(<0.005) 3 5 . 0 f 2 . 7  2 0 . 8 f 1 . 3  l.6(<0.001) 


25 ml. water, and 150 ml. ethanol was stirred under nitrogen in a 
50’ water bath for 4 hr. After diluting with water, the nonacidic 
impurities were extracted with ether and the water layer was acidified 
with sulfuric acid. Extraction with ether and evaporation of ether 
gave 3.5 g. of orange-red crystalline residue. It was crystallized 
from isopropyl alcohol to give 1.5 g. (90.0%) of pure 8 - G  acid, 
m.p. 197-198’; UV absorption spectrum (cyclohexane): A,., = 
405 nm., c = 70,300; IR spectrum (KBr): C=O 1700 cm.-’, C=C 
1600 an.-’. 


AnuL-Calc. for GsH,,02: C, 81.96; H, 9.29. Found: C, 81.95; 
H, 9.47. 


The acid was converted into methyl ester by treatment with di- 
azomethane and its NMR spectrum is identical with that shown in 
Fig. 3. 


RESULTS AND DISCUSSION 


The structural formulas for the compounds studied are shown in 
Table 1. The effects of these compounds on granuloma formation 
induced by implantation of cotton pellets are shown in Table 11. 
Compounds with a side chain shorter than retinoic acid did not 
stimulate granuloma formation at the amount of 2 mg./pellet, 
while compounds with a side chain longer than that of retinoic acid 
stimulated granuloma formation. These findings are in agreement 
with the previous finding (4) that, besides the 2,6,6-trimethylcyclo- 


Table Ill-Effect of 8-Cm Acid on Hydroxyproline and 
Hexosamine Contents of Granuloma Induced by Cotton Pellets 


Experi- 
Control mental 


Number of animals 6 
Granuloma dry weight, mg. 36 61.2 


Hydroxyproline weight, mcg. 395.6 662.5 


Hydroxyproline, mcg./granuloma, mg. I1 10.8 
Hexosamine weight, mcg. 330 493 


Hexosamine, mcg./granuloma, mg. 9.17 8.1 


Experimental/control 1.7 


Experimental/control 1.67 


Experimental/control 1.50 


hex-lene ring, the length of the side chain is also important for 
activity. Compound V is the most active. 


Meier et a/. (7) introduced a simple quantitative method for 
measuring the degree of inflammation. They used a cotton pellet as 
a foreign body to induce granuloma formation. Application of 
cortisone caused a diminution of granuloma size, which can be 
expressed quantitatively by determining the weight of the granuloma 
formed. Since then, this method has been extensively used for assay- 
ing steroid and nonsteroid anti-inflammatory agents. Retinoic acid 
and its active homologs, like retinol (4), cause an increased gran- 
uloma mass induced by cotton pellets. These active compounds are 
“inflammatory agents.” 


Grindlay and Waugh (12), a t  about the same time, applied essen- 
tially the same implantation technique to study tissue regeneration. 
Jackson et a/. ( 5 )  pointed out that the repair of connective tissue is 
the most basic feature in wound healing, and they used the forma- 
tion of granuloma induced by implanted polyvinyl sponges to study 
wound healing. Sandberg and Zederfeldt (6) found that the rate of 
gain in tensile strength and the rate of hydroxyproline synthesis in 
granuloma were directly related in both rats and rabbits. This was 
confirmed previously in this laboratory (4). Granuloma formation 
is a technique used for measuring inflammation as well as wound 
healing. 


Inflammation and mucopslysaccharide synthesis are the two 
known important features in wound healing. Anti-inflammatory 


Table V-mect of 8-c~ Acid on Hydroxyproline and Hexosamine 
Contents of Granuloma Induced by Cotton Pellets 


Experi- 
Control mental 


Granuloma dry weight, me. 30.2 47.9 


Hydroxyproline weight, mcg. 350 600 


Hexosamine weight, mcg. 284 460 


Number of animals 6 


Experimental/control 1.6 


Experimental/control 1.7 


Experimental/control 1.62 


Hydroxyproline, mcg./granuloma, mg. 11.6 12.5 


Hexosamine, mcg./granuloma. mg. 9.4 9.6 


Table IV-Effect of ,9-Cn Acid on Hydroxyproline and 
Hexosamine Contents of Granuloma Induced by Cotton Pellets 


Table VI-Effect of @-CU Acid on Hydroxyproline and 
Hexosamine Contents of Granuloma Induced by Cotton Pellets 


~~ ~~ ~ 


Experi- 
Control mental 


Number of animals a 
Granuloma dry weight, mg. 


Experimental/control 
Hydroxyproline weight, mcg. 


Experimental/control 
Hydroxyproline, mcg./granuloma, mg. 
Hexosamine weight, mcg. 


ExperimentaI/control 
Hexosamine, mcg./granuloma, mg. 


31.8 


343.7 


10.8 
306 


9.6 


2.2 


1.85 


2.1 


70.4 


637.5 


9.1 


9.1 


640 


Experi- 
Control mental 


Number of animals ,7 
Granuloma dry weight, me. 20.8 35 


Hydroxyproline weight, mcg. 287.5 412.5 


Hydroxyproline, mcg./granuloma, mg. 13.8 11.8 


Experimental/control 1.6 


Experimental/control 1.44 


Experimental/con trol 1.5 
Hexosamine weight, mcg. 223 333 


Hexosamine, mcg./granuloma, mg. 10.7 9.5 
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agents retard healing by their anti-inflammatory and inhibitory 
actions on mucopolysaccharide synthesis (2). Retinoic acid reverses 
the healing retardation action of anti-inflammatory agents (13). 
Active retinoic acid homologs studied in the present paper promote 
wound healing by increasing granuloma mass. 
The healing-promoting action of these active retinoic acid homo- 


logs is further evidenced by the increase of hydroxyproline and 
hexosamine contents of the granuloma (Tables 111-VI), Hydroxy- 
proline is an important constituent of collagen, which is an es- 
sential component of connective tissue. Hexosamine is a component 
of mucopolysaccharide, and the role of mucopolysaccharide in 
healing was extensively discussed previously (2). As shown in 
Tables 111-VI, both the hydroxyproline and hexosamine contents 
were increased in the granuloma with either one of the active com- 
pounds. This fact indicated that these compounds increased con- 
nective tissue regeneration. However, the amount of hydroxyproline 
or hexosamine per unit of weight of granuloma of the experimental 
was lower than that of the control. This fact indicated that these 
active compounds also stimulated inflammation. 


It is suggested that active retinoic acid homologs, like retinol, 
promote healing by inducing inflammation and increase muco- 
polysaccharide and collagen synthesis mechanisms of action. 
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Extraction and Separation of 
Anthraquinone Glycosides 


STEPHEN CHAO YUNG SU and N. M. FERGUSON' 


Abstract 0 A method was developed for extracting anthraquinone 
aglycones and their corresponding glycosides from plant materials 
and for separating them in pure form. The method consists of 
rendering the glycosides and aglycones insoluble in chloroform and 
then removing, stepwise, the interfering extractable substances. 
The method makes use of the fact that the aglycones are chloroform 
soluble whereas the glycosides are not. The method was applied 
with good results to the isolation of the aglycones and glycosides 
of cascara and senna. 


Keyphrases 0 Anthraquinone aglycones and corresponding glyco- 
sides-extraction, separation from plant material Cascara bark 
-extraction, separation of anthraquinone aglycones and glycosides 
0 Senna leaves-xtraction, separation of anthrayuinone aglycones 
and glycosides 


The methods that have been used to date for the iso- 
lation and purification of the anthraquinone derivative 
glycosides from cascara bark and senna leaflets fall 
into three categories. The first involves an aqueous or 
hydroalcoholic menstruum (I), and the second uses 
a pure solvent such as methanol (2, 3), ethanol (4), 
propyl alcohol, or isopropyl alcohol ( I ) .  The final 
method uses a solvent such as chloroform or ether ( 5 )  
to remove certain interfering substances, and then 
extraction proceeds using an alcoholic menstruum. Puri- 
fication of the various fractions is then accomplished by 


recrystallization from one of these solvents. In some 
procedures, the fractions are acetylated in benzene (1, 3, 
6) prior to being further purified by fractional crystalli- 
zation. 


In view of the fact that interfering plant constituents 
in cascara bark and senna leaflets made a clearcut 
separation of their constituents impossible by these 
methods, it was decided to try to develop a new proce- 
dure which would produce purer fractions of the an- 
thracene derivatives, particularly derivatives of hy- 
droxyanthraquinones, both free and in the form of 
gl ycosides. 


EXPERIMENTAL 


Extraction Procedure-The extraction procedure chosen (Scheme 
I) is based on the fact that the hydroxyanthraquinone derivatives 
and their corresponding glycosides are present both free and as 
magnesium, potassium, and sodium salts combined either through 
a hydroxy or a carboxylic acid group. In addition, the separation 
method capitalizes on the differential solubility in chloroform of 
the glycosides and their aglycones as well as other anthracene de- 
rivatives. The glycosides are insoluble in chloroform whereas the 
free aglycones, as well as the other anthracene derivatives, are 
chloroform soluble. 


The extraction procedure consisted of macerating the ground drug 
for 24 hr. with 5 %  acetic acid. The purpose of this step was to l i b  
erate the free anthraquinones and their corresponding glycosides 
from their magnesium, potassium, or sodium salts, in which form 
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Identification of Trirnethoprirn 3-Oxide as a 
New Urinary Metabolite of 
Trimethoprim in Man 


Keyphrases 0 Trimethoprim 3-oxide-isolation, identification as 
urinary metabolite of trimethoprim, man Urinary metabolite of 
trimethoprim-isolation, identification of trimethoprim 3-oxide, 
man TLC-isolation, identification of trimethoprim 3-oxide as 
new urinary metabolite, man 


Sir: 


Trimethoprim, 2,4-diamino-5-(3,4,5-trimethoxyben- 
zy1)pyrimidine (I), is a broad spectrum antibacterial 
(1) and is used in combination' with sulfonamides (2). 
The metabolism of trimethoprim in the rat, dog, and 
man was investigated by Schwartz et al. (3) using the 
''CC-labeled drug. The 14C-metabolites were separated 
on silica gel plates, located by fluorescence quench 
spectrofluorometry or by autoradiography, scraped 
from the plate, and eluted, and the radioactivity was 
measured. The isolation, identification, and quantita- 
tion of the same four metabolites were described in all 
three species. In our recent work on the development of 
a fluorescence thin-layer assay for trimethoprim and 
metabolites (4), we reinvestigated the thin-layer sys- 
tem of Schwartz et al. (3) and found that one of the 
TLC spots assigned to Metabolite 11 is a mixture of two 
compounds. A new metabolite, which is cochromato- 
graphed with 11, has been isolated and identified as 
trimethoprim 3-oxide ( III )2 .  


For preparative work, cumulative 24-hr. urines from 
four adult male volunteers who had received 160 mg. 
of trimethoprim3 were combined and adjusted to pH 
1 . 5  with 1 N H2S04. The acidified urine was washed 
with chloroform, and sodium hydrogen phosphate 
(170 g./l.) was added. The solution was adjusted to pH 
8 with 1 N NaOH and extracted with isopropanol- 
dichloromethane ( 1  : 9). The extract was evaporated 
under vacuum to dryness. The residue was triturated 
with methanol, and the methanol-soluble portion was 
chromatographed successively on two columns (SilicAR 
CC-7) by elution with methanol-chloroform and 
ethanol-benzene mixtures, respectively. Final purifica- 
tion was achieved by preparative TLC on silica gel'. 
Upon further TLC in  additional solvent systems, the 
isolated material appeared as a single spot with the 
same R ,  as synthetic 111. A few hours after development 
and exposure to light, a characteristic yellow-green 
fluorescence under long wavelength (360 nm.) UV 
light developed for both the isolated and synthetic 111. 


1 Trimethoprim-sulfamethoxazole ( I  :5  combination); Septra, Bur- 
roughs Wellcoinc Co. and Bactrim, Hoffmann-La Roche. 


We thank Dr. L.  A. Nielscn of Burroughs Wellcome Co.  for a 
refercncc sample of trimethoprim 3-oxide. The sample was prepared 
according to the procedure of Rey-Bellet and Reiner ( 5 )  and h3d m.p. 
216-218" [ l i t .  ( 5 )  n1.p. 125-227"l with identical spectral properties (UV. 
NMR, and mass s ectra) to those reported (5). 


3 Two tablets o?Septra (see Foornofe I ) .  ' Plates were developed in ethanol-benzene (3 :7) twice to 15 cm. fol- 
lowed by one dcvclopment in chloroforin-n-propanol-25 ammo- 
nium hydroxide (80:ZO:l). In this system, 111 has Rf 0.26 and is well 
separated from the other metabolites. 


CH, H&H 
I I 


0 
CH, 
I 11 


111 


Isolated 111 crystallized from water to afford colorless 
needles, m.p. 217-2l9Oa. The IR, UV, and mass spectra 
of isolated and synthetic 111 were identical. The ac- 
curate mass of the molecular ion of isolated I11  was 
determined by peak matching at  10,OOO resolution, 10% 
valley definition, and found to be 306.1326 (calc. for 


The amount of 111 excreted i n  human urine during 24 
hr. was measured by assaying samples of urine in- 
dividually from seven healthy male volunteers who had 
received 160 mg. of 13.  An average of 2.1 of the ad- 
ministered dose was present as 111. Urine levels were 
determined by a direct measurement of the fluorescence 
which developed on silica gel plates4 for the 3-oxide spot 
by scanning with a spectrodensitometer5. Other perti- 
nent details of the method were reported recently (4) 
for trimethoprim and four other metabolites and also 
apply directly to the assay of the 3-oxide (111). 


Some revision in the reported metabolic pattern of 
trimethoprim in man is required. Schwartz et al. (3) 
found that I1 accounted for about 2.5% of the dose6. 
The present study indicates that the reported levels of 
Metabolite 11 included a substantial amount of the 3- 
oxide. When separated from the 3-oxide, 11 is barely 
detectable by our  TLC method and is present in human 
urine in lower concentrations than previously deter- 
mined. A more detailed report on the metabolic dis- 
tribution of trimethoprim in man was presented re- 
cently (7). 


( 1 )  B. Roth, E. A. Falco. G .  H. Hitchings, and S. R.  M. Bushby, 
J .  Med. Pliomi. Chem.. 5 ,  1103(1962). 


(2) S. R .  M. Bushby, Posrgrud. Med. J . ,  Siippl., 45, lO(1969). 


C14H18N404: 306.1328). 


Schoeffel. 
The data of Schwartz er ol. (3) expressed in "percent urinary con- 


centrations" were converted to a "percent of dose" figure by using their 
observation that 59% of the dose is present in the urine in 24 hr. as 
unchanged drug and metabolites (6). 
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(3) D. E. Schwartz, W. Vetter, and G. E d e r t ,  Anneim.-Forsch., 


(4) C. W. Sigel and M. E. Grace, J .  Chromafogr., in press. 
(5) G. Rey-Bellet and R. Reiner, Helo. Chim. Acta, 1970,945. 
(6) D .  E. Schwartz and J. Rieder, Chemotherapy, 15, 337(1970). 
(7) C. W. Sigel, M. E. Grace, and C. A. Nichol, presented at the 


Trirnethoprim-Sulfonamide Conference, Boston, Mass., Dec. 8, 
1972. 


20, 1867(1970). 
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Participation of Micelle at Crystal-Solution 
Interface in Rate-Determining Step for 
Cholesterol Gallstone Dissolution in 
Unsaturated Bile Media 


Keyphrases 0 Cholesterol gallstone dissolution rate in unsaturated 
bile media-ffect of micelle at crystal-solution interface !J Gall- 
stone dissolution rate in unsaturated bile media-ffect of micelle 
at crystal-solution interface Micellar effect-holesterol gall- 
stone dissolution rate in unsaturated bile media 0 Bile salt- 
lecithin micelle-effect on transport of cholesterol in interface, 
effect on gallstone dissolution rate 


Sir : 


Recent investigations (1-3) in this laboratory have 
established that the in oitro dissolution of human choles- 
terol gallstones in bile salt-lecithin media is largely 
controlled by crystal-solution interfacial kinetics rather 
than by bulk solution diffusion. Apparent interfacial 
barriers for dissolution were determined (2, 3) for a 
variety of cholesterol stones; these were typically 15-20 
times greater than bulk diffusion barriers in the in oitro 
experiments (2, 3). Similar dissolution rate experiments 
with compressed pellets of cholesterol monohydrate 
crystals have yielded comparable results--Piz., inter- 
facial barriers 20 times greater than bulk diffusion in 
sodium taurocholate-lecithin and sodium cholate- 
lecithin solutions (2, 3). These results have encouraged 
the mechanistic exploration of the rate-determining 
step(s) at  the cholesterol monohydrate crystal-solution 
interface. 


This communication reports data showing that the 
bile salt-lecithin micelle is critically involved in the 
“activated complex” for the transport of cholesterol 
in the interfacial region. Table I gives the results of a 
dissolution rate study showing the relative constancy of 
the effective interfacial transport coefficient, P, when 
the bile salt-lecithin concentration is changed while the 
bile salt-lecithin ratio is kept constant. As can be seen, 


Table I-Dissolution R a t e  of Cholesterol Monohydrate Pellets 
Showing the Direct Dependence of the Rate, J/A, upon the 
Solubility, C,, and the Relative Independence of the Rate upon 
the Interface Transport Coefficient, P 


Sodium Cholate + 
0.1 M Phos hate, mg./cm.’/ CC, D d  X lo&, P f  X lOL, 


Lecithin, (in (J/AYlO‘, 


pH 7.4f sec. mg./cm.a cm.l/sec. crn./sec. 


1 + 0 . 5  0.057 0.30 1.46 1.90 
2 + 1.0  0.16 1.05 1.49 1.52 
2 + 1.0 0.14 1 .oo 1.49 1.40 


5 + 2 . 5  0.56 3.00 1.30 1.87 


,I Experimental methods for determining J / A ,  C,. and D are given in 
Reference 3. * J / A  = PC, = dissolution rate (mg./cm.2/sec.). C, = 
total solubility of cholesterol monohydrate. d D = effective diffuslvlty of 
cholesterol in micellar solution. Diffusion coefficient data are pre  
sented mainly to show that the size of the micelle is not changing 
greatly over the concentration range studied. J P  = interface transport 
coefficient (crn./sec.). 


+ 0.07 MNaCl 
ionic strength (correct to 5 cholate) 


P remained essentially constant when the solubility, 
C,, varied by about a factor of 10. Since it was already 
demonstrated (2, 3) that the process is interface-kinetics 
controlled, these data can only be interpreted by some 
mechanism in which the bile salt-lecithin-cholesterol 
micelle is involved in the rate-determining step. 


This finding is exciting for a number of reasons. The 
recent studies of Surpuriya and Higuchi (4, 5 )  showed 
that the oil-water transfer of a variety of sterols in 
several bile salt-lecithin systems is also interfacial- 
barrier controlled and that the bile salt-lecithin-choles- 
terol micelle is involved in the rate-determining step. 
Thus the basic mechanisms may be very similar for the 
two situations, and other parallel characteristics are 
anticipated. For example, Surpuriya’ showed that the 
presence of 0.01 M calcium chloride increases P by a 
factor of 5 in his oil-water system. It would indeed be 
interesting to see similar effects in the gallstone and/or 
cholesterol monohydrate dissolution. 


There is a significant clinical aspect with regard to the 
present findings. Recently, Danzinger et al. ( 6 )  showed 
that oral administration of chenodeoxycholic acid to 
patients suffering from gallstone disease can lead to 
in oioo dissolution of gallstones. In four of the seven 
patients studied, these investigators found that gall- 
stones either disappeared completely or diminished 
significantly in size during the 14-22 months of cheno- 
deoxycholic acid treatment. In the remaining three 
patients, no changes in gallstone size could be deter- 
mined. These clinical studies support the idea that 
increasing the in oioo dissolution rate by a factor of 10 
or more should yield material patient benefits in that 
practical medical treatment times may be approached. 


The present findings and the parallel work on the oil- 
water transport of sterols could be of value in seeking 
out agents, additives, and other biopharmaceutical 
factors important to the safe and efficacious treatment 
of gallstone sufferers. 


( I )  W. I .  Higuchi, F. Sjuib, D. Mufson. A. P. Sirnonelli, and 
A. F. Hofmann, J.  Pharm. Sci., in press. 


(2) W. I .  Higuchi, S. Prakongpan, V. Surpuriya. and F. Young, 
Science, 178, 63x1972). 


1 Data to be published. 
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Calculation of Absorption Rate Constants for 
Drugs with Incomplete Availability 


DONALD PERRIER‘ and MILO GIBALDI 


Abstract 0 The absorption rate constant of a drug as determined 
by the Wagner-Nelson or Loo-Riegelman method, by nonlinear 
least-squares regression analysis, or by the method of residuals is 
in error when drug. removal from the absorption site is due not 
only to absorption but also to other competing processes resulting 
in reduced availability, regardless of the kinetics of such processes. 
These methods overestimate the true absorption rate constant, the 
degree of overestimation increasing with decreasing bioavailability. 
Accordingly, calculation of absorption rate constants from plasma 
drug concentration-time data by commonly employed methods 
cannot be performed with any ‘degree of confidence unless the drug 
is known to be completely absorbed as such. 


Keyphrasea 0 Absorption rate constants, true, apparentdrugs 
with incomplete availability, calculation 0 Drug absorption rate 
constants, true, apparent-calculation. incomplete drug availability 
0 Bioavailability-absorption rate constants for drugs with re- 
duced availability, unreliability of plasma drug concentration-time 
data Plasma drug concentration-time profiles-unreliability for 
use in calculating absorption rate constants of drugs with reduced 
availability 


Several methods have been commonly employed in 
pharmacokinetics for the calculation of drug absorption 
rate constants from plasma drug concentration-time 
data. Probably the most commonly used method for 
the determination of absorption rate constants is that 
of Wagner and Nelson (1,2). The following relationship 
was developed to calculate the percent of an oral dose 
absorbed at various times after administration (2):  


where AT is the cumulative amount of drug absorbed 
at any time T, A, is the total amount of drug eventually 
absorbed, CT is the drug concentration in the plasma 
at time T, Kg is the apparent first-order elimination rate 
constant for the drug, and C dt and C df 
are the respective areas under the plasma concentration 
uersus time curves from time t = 0 to t = T and i = 0 to 
f =  0 3 .  The utilization of this relationship is dependent 
upon the drug in question being distributed in the body 
according to a one-compartment model. 


A similar approach was employed by Loo and Riegel- 
man (3) for calculation of absorption rate constants 
for drugs distributed according to a twocompartment 
model. An equation analogous to Eq. 1 for a drug obey- 
ing two-compartment kinetics is: 


CT + f l [ - T  Cd t  + PT 
A 1-0 
A m  


percent absorbed = 2 * 100 = 


flJ:om Cdt  


0%. 2) 


where AT,  A,, CT, $1: C dt, and $:I; C dt are as de- 
fined previously; (I is the apparent first-order rate con- 
stant associated with the terminal exponential phase of 
drug elimination; and PT represents the drug concentra- 
tion in the tissue as defined in the original report (3). 
From Eqs. 1 and 2, percent drug absorbed-time data 
can be generated. These methods place no limitation 
on the order of the absorption rate process. However, 
semilogarithmic plots of percent drug remaining unab- 
sorbed versus time are frequently linear and yield an 
apparent first-order absorption rate constant. 


Nonlinear least-squares regression analysis has also 
been used to determine absorption rate constants from 
plasma drug concentration-time curves (4). Such curves 
are generally described by a one- or two-compartment 
model with first-order elimination and an .apparent 
first-order absorption process. This method involves 
fitting a theoretical equation to the plasma drug con- 
centration-time curves with the aid of a digital com- 
puter. 


Employment of the method of residuals to calculate 
absorption rate constants from plasma drug concentra- 
tion-time data was illustrated by Wagner (5). The resid- 
uals are generally plotted on semilogarithmic coordi- 
nates, with the slope of this plot yielding the apparent 
first-order rate constant. 


A recent report by Notari et al. (6) considered the 
application of the Wagner-Nelson and Loo-Riegelman 
methods to a situation where there is parallel first-order 
absorption and loss of a drug from the absorption depot. 
It was shown that the apparent first-order absorption 
rate constant obtained is the sum of the true absorption 
rate constant and the rate constant for the parallel first- 
order loss of drug from the absorption site. These au- 
thors pointed out that simultaneous first-order “non- 
absorption” processes, such as chemical degradation, 
biotransformation by enzymes or intestinal bacteria, 
or the transfer of a drug to a compartment other than 
the blood, which compete for a drug at the absorption 
site may influence the calculated value of the absorption 
rate constant. These findings are contrary to the pre- 
vailing view that employment of the Wagner-Nelson 
method to calculate absorption rate constants requires 
no knowledge of the fraction of a dose absorbed (1,2). 
Therefore, it was of interest to consider from a general 
point of view the influence of incomplete availability, 
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Figure 1-Semilogarithmic plots of percent drug remaining un- 
absorbed versus time. Data were simulated according to Scheme I 
for a competingfirst-order process (K = 0.5 hr.-l) with various lag 
times. Slope = -KA/.?.~. Key: -, control. KA = 0.693 hr.-l; 
8, lag time = 0.5 hr., 70% awilable, KA = 1.195 hr.-I; 0, lag time 
= 1.0 hr., 79% available, KA 1.136 hr.-'; 0, lag time = 2.0 hr., 
90% available, KA = 0.936 hr.-I; and 0, lag time = 3.0 hr., 95% 
available, KA = 0.806 hr.-I. 


irrespective of whether this is due to competing pro- 
cesses or to limited duration of drug at the absorption 
site, on the estimation of apparent first-order absorption 
rate constants. 


EXPERIMENTAL 


A drug that is being removed from the site of absorption in the 
GI tract by an apparent first-order absorption process and by a 
second process that renders it unavailable for absorption may be de- 
scribed by Scheme I, where X, and XQ are the respective amounts of 
drug unabsorbed and at the absorption site; XA, the total amount of 
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Piure 2-Semilogarithmic plots of percent. drug remaining un- 
absorbed versus time. Data were simulated according to Scheme I 
for competing simultaneous parallel zero-order processes (KO). 
Slope = -K~/2.3. Key: -, control, KA = 0.693 hr.-I; 0, KO = 
25.0 weight un/ts/hr., 52% available. KA = 2.038 hr.-l; 0, KO = 
10.0 weight unitslhr., 70% available. KA = 1.359 hr.-l; and 0, 
KO = 1.0 weight uniilhr., 94% available, KA = 0.806 hr.-I. 
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Figure 3-Semilogarithmic plots of percent drug remaining un- 
absorbed versus time. Data were simulated according to Scheme I 
for a competing zero-order process (KO = 25.0 weight unitslhr.) with 
various lag times. Slope = - K~12.3. Key: -, conlrol, KA = 0.693 
hr.-l; 8, lag time = 0.5 hr., 61% a d a b l e ,  KA = 1.824 hr.-l; 0, 
lag time = 1.0 hr., 49% available. KA = 1.540 hr.-l; 0, lag rime = 
2.0 hr.. 81% available, KA = 1.155 hr.-l; and 0. lag time = 3.0 hr.. 
89% available, KA = 0.949 hr.-l. 


drug absorbed, is the sum of the amounts of drug in all "body" 
compartments plus drug that has been eliminated from the body; 
and KA is the apparent first-order rate constant associated with the 
absorption process. 


A drug is usually incompletely absorbed due to poor permeability 
characteristics of the drug itself and/or incomplete release of drug 
from the formulation. When either of these conditions is operative, 
a portion of the administered dose is removed from the absorption 
site by some process, resulting in the appearance of drug in the feces. 
Although the exact kinetic process by which a drug leaves an ab- 
sorption site and is thereby rendered unavailable does not appear to 
be known, several possibilities exist. Grevsten eta/. (7)  administered 
a test solution of radioactive material by gavage and suggested that 
the movement of radioactivity down the GI tract could be described 
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pisure GSemilogarithmic plots of percenr drug remaining un- 
absorbed versus time. Data were simulated according to Scheme I 
for an all or none process (see texr) with aorious lag rimes. Slope = 
-KA/.?.~. Key: -, control, KA = 0.693 hr.-l; 0, lag time = 1.0 
hr., 50% available, KA = 2.888 hr.-I; 0, lag time = 2.0 hr.. 75% 
available, KA := 1.386 hr.-l; and 0, lag time = 3.0 hr.. 88% avail- 
able, KA = 0.990 hr.-l. 
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Table I-Nonlinear Least-Squares Regression Analysis of Plasma Concentration-Time Data According to Scheme 111 
(Data for Regression Analysis obtained from Simulations According to Scheme 11) 


Condition Imposed on 
Drug Being Absorbedm KA 


Coefficient of 
Ks Deter nunation* 


Corn lete absorption 0.693 (0.OOO). 


Absorption terminated at  1.075 (0.090) 


Pardel first-order loss 0.980 (0.066) 
(K = 0.5 hr.-I) after 1-hr. lag 
* L- 
L 111. 


Parallel zerwrder loss 
(KO = 25 units/hr.) 


Parallel zerosrder loss 
(KO = 25 units/hr.) after 
1-hr. lag 


1.576 (0.087) 


i . m  (0.216) 


0.0693 (0.OOO). 
0.0716 (0.0016) 


0.0755 (0.0048) 


0.073 1 (0.027) 


0.0750 (0.0105) 


~~ 


1 .m 
0.9997 


0.9979 


0.9992 


0.9985 


o I LOO units. b (Zobs’ - Zdevl)/Zobsl. 5 Parenthetic values denote the standard error of the estimate. 


by an exponential function. If this were the case, removal of the 
drug from the absorption site (which can be considered as a finite 
length of the GI tract) could probably be approximated by an a p  
parent first-order process. Since a certain period of time would be 
expected to elapse before this finite length of GI tract is traversed 
by the drug, a number of simulations were performed by initiating 
a competing first-order process at various time intervals after ad- 
ministration. These time intervals are referred to as lag times. 


Another possibility for the removal of drug is by a zero-order pro- 
cess. Sikov et al. (8) suggested that the velocity at which a material 
passes through any one segment of the intestine is constant through- 
out that segment. Therefore, several simulations were undertaken 
employing simultaneous, competing, parallel, zero-order processes 
as well as a competing zerwrder process with various lag times. 


There may also be instances where a drug passes down the GI 
tract as a nondisintegrating unit. An example of this may be a timed- 
release dosage form where the drug is dispersed in an insoluble 
matrix. In such a case the drug is continually released until it passes 
out of the absorption site, at which time the drug is no longer ab- 
sorbed even though it is still being released from the dosage form. 
This type of process is referred to as an “all or none” phenomenon. 
To simulate this pattern, the absorption process was halted at vari- 
ous times after administration. 


Initially, the effect of incomplete availability (due to the various 
competing processes mentioned above) on the apparent first-order 
absorption rate constant of a drug was determined using the Wag- 
ner-Nelson and Loo-Riegelman methods. Simulations of the pro- 
cesses were obtained by generating amounts of drug absorbed as a 
function of time after oral administration using the appropriate 
differential equations and rate constants, according to Scheme I, as 
input data for the “MIMED’ digital computer analog simulation 
program (9). Semilogarithmic plots of percent drug remaining un- 
absorbed uersus time were prepared. 


Apparent first-order absorption rate constants were also d c u -  
lated for representative examples of each type of competing process 
simulated according to Scheme 11. where XU, X., and KA are as 
defined previously; Y is the apparent volume of distribution; C is 
the plasma drug concentration, the product of V and C gives the 


i 
Scheme I 


t 
Scheme II  


Sclieme I11 


amount of drug in the body; and XB and KB are the amount of 
drug eliminated and the apparent first-order rate constant for elimi- 
nation, respectively. The plasma drug concentration data simulated 
according to  Scheme I1 were given equal weight and used as input 
for the digital computer program of Marquardt (10) to obtain a 
nonlinear least-sqhres regression fit of these data to Scheme 111, 
where all terms are as defined previously. This treatment yielded 
estimates of the apparent first-order absorption rate constants for 
the models studied. 


Datel generated according to  Scheme I1 were also plotted on semi- 
logarithmic coordinates, and the apparent first-order absorption 
rate constants were determined by the method of residuals. This 
method involves extrapolating the linear elimination phase of the 
semilogarithmic plasma concentration-time plot to t -0  and sub- 
tracting the plasma drug concentrations in the absorption phase 
from the corresponding time-concentration values on the extrap 
olated line. The apparent first-order absorption rate constadt was 
determined from the slope of a semilogarithmic plot of the values 
obtained by subtraction wrsus time. 


RESULTS AND DISCUSSION 


An overestimate in the apparent first-order absorption rate con- 
stant, as illustrated by the increase in the slopes of the percent drug 
remaining unabsorbed uersus time plots in Figs. 1-4, occurred in all 
instances where there was a lack of availability due to a competing 
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Flgure 5-Semilogarithmic plot of plasma drug concentration veisus 
time aJter oral administration of 100 weight units of a drug. Key: 0, 
data simdated according to Scheme I I  for a first-order absorption 
process (KA .= 0.693 hr.-I) and a competingfirst-onlerprocess (K = 
0.5 hr.-1) with a lag time of I hr.; - , biexponential least- 
spares fit of the simulated plasma drug concentration-time data to 
Scheme I l l ,  KA = 0.980 hr.-I. 
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Figure +Semilogarithmic plor of plasma drug concentration versus 
time afrer oral administration of 100 weight units of a drug. Key: 0, 
data simulated according to Scheme 11 for a first-order absorption 
process (KA = 0.693 hr.-l) and a competing zero-order process 
(KO = 25.0 weight unitslhr.) with a lag time of 1 hr.; --, 
biexponential least-squares fit of the simulated plasma drug con- 
centration-time data to Scheme 111, KA = 1.221 hr.-l. 


process at the absorption site. Employment of the Wagner-Nelson 
or Loo-Riegelman method results in an incorrect estimate of the 
true absorption rate constant whenever a drug is less than 100% 
available. While the percent remaining unabsorbed-time. plots are 
actually slightly curvilinear rather than linear (Figs. 1-41, it is quite 
likely in our view that such data would normally be fit t o  a straight 
line with a lag time, considering the normal scatter and limited 
number of data points generally available in the absorption phase of 
a plasma concentration-time curve, the lag time being associated 
perhaps with gastric emptying. 


When data simulated according to Scheme 11 were fit to Scheme 
111 by a nonlinear least-squares method, a substantial overestimate 
of the apparent first-order absorption rate constant was again ob- 
served whenever a decrease in the availability occurred (Table I). 
Reasonable fits to the simulated plasma concentration-time data 
were obtained in all cases, as shown by the high coefficient of deter- 
mination and low standard error of the estimate and as illustrated 
by Figs. 5 and 6. Similar results were arrived at when the absorption 
rate constants were calculated by the method of residuals (Fig. 7). 
It is quite clear that the commonly employed methods for the 
estimation of first-order absorption rate constants from plasma 
concentration cersus time data all overestimate the true first-order 
absorption rate constant when there is a decrease in drug availability. 


In two instances, corrections may be made for the lack of avail- 
ability when determining absorption rate constants. As discussed 
by Notari et al. (6), if a drug is removed from the site of absorption 
by a mechanism that is first-order and occurs parallel to the absorp- 
tion process, the true first-order absorption rate constant may be 
obtained by multiplying the apparent first-order absorption rate 
constant, as arrived a t  by the Wagner-Nelson or Loo-Riegelman 
method, by the fraction of the orally administered dose absorbed. 
Also, if the drug is less than fully available solely due to an all or 
none phenomenon, the percent of drug absorbed can be calculated 
relative to the total dose administered rather than relative to the 
total amount of drug eventually absorbed, A,. Theoretically, such 
corrections are feasible but practically it would be virtually im- 
possible to determine the kinetic characteristics of the process 
responsible for the competitive removal of a drug from the site of 
absorption. 
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Figure 7-Semilogarithmic plot of plasma drug concentration versus 
time after oral administration of 100 weight units of a drug. Key: 0. 
data simulated according to Scheme I1 for a first-order absorption 
process (KA = 0.693 hr.-’) and a competingfirst-order process (K = 
0.5 hr.-’) with a lag time of I hr.; and m, semilogarithmic plot of 
residuals, the dope of which yields the apparent first-order absorption 
rate constant (KA = 1.260 hr.-l). 


Therefore, it appears that in all cases where a drug is less than 
completely absorbed as such, true absorption rate constants cannot 
be calculated. Apparent absorption rate constants that are cal- 
culated where there is less than complete availability may be used 
to describe the time course of drug in the plasma after single or 
multiple doses, but they cannot be used for quantitating the absorp- 
tion characteristics of a drug. 
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P H A R M A C E U T I C A L  TECHNOLOGY 


Freezing Unit Dose Injections prior to Freeze Drying 


ARTURO RIGOLI 


Abstract IJ A new method, used on an industrial scale, for freezing 
vials to  be lyophilized was studied, by which a dried mass in the 
shape of an internal hollow paraboloid with very thin layers is 
obtained. The apparatus is also described. 


Keyplnases IJ Freezing of solutions, emulsions, and suspensions- 
improvde rotating freem for liquids in ampuls or small containers 
0 Injections, unit dose-improved rotating freezer for use prior to  
freeze drying IJ Lyophilization, injectable+-improved method for 
freezing vial contents 


Up to the present day, the most used industrial tech- 
niques for freezing vials containing pharmaceuticals to 
be lyophilized have been the: (A) single-cylindric tablet 
(bottom freezing) (Fig. la), (B) cylindric tablet com- 
posed of two or more separated strata (1, 2) (Fig. lb), 
(C) shell form (agar slant) tablet (Fig. lc), and (D) 
double shell (3) (double agar slant) tablet (Fig. Id). 


Technique A, being the cheapest and simplest, is the 
one most used. In this method the vials are placed 
vertically on suitable trays, which are then transferred 
to refrigerated shelves or, sometimes, immersed in 
freezing baths. The freezing is monoduectional and 
bidirectional in the two cases, respectively, and proceeds 
from the outer to  the inner part of the liquid cylinder. 
An external layer of fFozen liquid is set up which renders 
rather difficult the heat exchange; as a consequence, a 
long treatment at low temperature is required to freeze 
the liquid completely. 


Technique C needs specific equipment. The liquid is 
distributed on part of the vial wall to obtain a larger 
evaporation surface. By consequence, the mass freezes 
in thinner layers than in both the A and B techniques 
while the time required for both freezing the solution and 
evaporating the solvent is minimized, with an obvious 
reduction of production costs. 


Techniques B and D, much more laborious and ex- 
pensive than the others, are carried out to avoid the 
mixing of interreacting substances (4). It is known that 
the best lyophilization conditions are assured by the 
quick cooling of large surfaces of material in thin layers 
(5-7). 


During the last 10 years, different kinds of rotating 
freezers have been patented (8) to reach these conditions. 
Such equipment allows only the freezing of bottles 
similar to those containing plasma (9, 10). The liquid 
mass is spread over most of the internal surface of the 
bottle, producing a shell form either by a slow or fast 
rotation of the flasks. The cooling of the bottles is 
provided either by immersion in a freezing liquid or by 


spraying the flasks with a cold fluid. This kind of ap- 
paratus works with few units at a time, and an external 
contamination could occur due to the use of the re- 
frigerant fluid. Another type of rotating freezer (ll), 
suggested for flasks, works as a normal centrifugal 
under vacuum machine, having an inclined rotation 
axis. The prefreezer does not require a freezing liquid 
because the cooling is obtained by rapidly rotating the 
product under vacuum (adiabatic cooling). With this 
type of freezer, the evaporation may cause the precipita- 
tion of the solids even before freezing, with obvious 
disadvantages in the drying phase and the h a 1  product. 
In fact, with this freezing procedure, fractioned crystal- 
lization of some components might occur in relation 
to their physical properties, and the developing crystals 
accumulate at the boundary layers of the mass to be 
frozen due to the centrifugal force. 


Up to now, no similar industrial procedure has been 
applied to liquids to be frozen in ampuls or small con- 
tainers. We improved and patented (12) a rotating 
freezer by which frozen solutions, emulsions, and suspen- 
sions are obtained in the shape of an internal hollow 
rotation paraboloid (Fig. le). With such a system, larger 
surfaces and thinner layers than those accomplished 
by the static freezers are obtained and the freezing time 
is reduced. 


EQUIPMENT 


The new rotating freezer consists of (Fig. 2): 
1. A turning frame (No. 25). with trays containing the ampuls 


to be frozen. placed in a covered (No. 18) box (No. 17). The box 
bottom and walls are cooled by a refrigerant group (Nos. 29 and 30), 
which is able to lower the air temperature of the box to -50" within 
25 min. 


2. A ventilation system (No. 32) generating a blast of cold air at 
-45" which passes over the arnpuls from the higher to the lower 
part of the vial a t  90 m./sec. and 15 mm. water pressure. 


3. A box (No. 17) that can be inclined at a suitable angle, de- 
pendent both on the diameter of the ampul and the volume of the 
liquid to be frozen. In this way, the liquid surface sets itself like 
an agar slant. By rotating the turning frame at  a slow speed (2@- 
30 r.p.m.), the liquid freezes in very thin layers on the inner sur- 
face of the ampul, forming a rotating hollow paraboloid (Figs. 3 
and 4). 


EXPERIMENTAL 


The described equipment can be used for freezing mixtures of 
biological products having different eutectic points. This report 
concerns the freezing of an aqueous solution containing 15 solids, 
showing an eutectic point at - 12". 


The freezing of 1.2 ml. of solution in vials of 13-13.5-mm. 
diameter resulted in a frozen mass in which thickness was about 
0.2-2 mm. on the walls and 3-3.5 mm. at  the bottom (Table I, 
Column b). Under the same conditions using a static freezer, the 
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Figure 1-Freeze-dried oids. Key: a ,  single-cylindric tablet (bottom 
freezing); b, cylindric tablet composed of two or more sepamted 
stmtums; c, shell form (agar slant) tablet; d, double shell (double agar 
slant) tablet; and e, rotating paraboloid tablet. 


frozen mass thickness was 10-11 mm. (Table I, Column B). More- 
over, the freezing time of 4-6 hr. (13) (Fig. 5 )  with static freezers 
was reduced to 20-25 min. with the study apparatus (Fig. 6) due both 
to the increased exchange surface (Table I, Column SI) and the 
forced circulation of cold air which increases the total heat transfer 
coefficient. The drying time (Fig. 7) of the frozen vials was also 
reduced in comparison with that of statically frozen vials (Fig. 8). 
In fact, the temperature of the heating liquid being No, the frozen 
samples reached O o  within 5 hr., while 13 hr. was required for 
frozen samples with a cylindric shape. 


As shown in Fig. 7, the maximum drying was reached within 
1-3.5 hr. while for statically frozen vials the same drying was ob- 
tained within 1-10 hr. (Fig. 8). For paraboloid tablets, the maxi- 
mum difference between the vapor pressure in the drying room and 
that in the condenser occurs within 3-4 hr. and the pressure in the 
drying room reaches a minimum value of 10 p after 9 hr. For the 


-I 


- -  
Figure 2-Cross section of the rotating freezer. (See text for explana- 
tion of numbers.) 


DIMENSIONS, mm. 


Figure %Frozen cia1 in the shape of an internal hollow rotation 
paraboloid. Bottom and sides are 3 and 2 mm. thick, respectioely. 
On the sides the frozen llquid is 20 mm. high. 


cylindric tablets, the maximum pressure difference is reached 
within 3-7 hr., and the pressure in the drying room reaches the 
minimum value of 10 p after 19 hr. These differences are due to the 
major development of the evaporation surface (Table I, Column S), 
which in the first case is four times (Table I, Column Rs) as much as 
in the second case, and to the reduced resistance offered by the thin 
layer to the evaporation. In conclusion, the freeze drying of the 
above-mentioned solution, which would require 22 hr. if performed 
on the product frozen in a static freezer (Fig. 8), requires only 10- 
11 hr. in the case of the product frozen in the dynamic freezer 
(Fig. 7). Therefore, a saving of the required energy and an improved 
productivity can be obtained. 


METHODS 


The vials, filled by the usual filling machines, are placed in 
suitably drilled trays. These trays are placed on the rotating frame 
of the freezer, previously chilled, and the box is inclined at  the 
suitable angle to distribute the liquid in a shell form, like an agar 
slant, on the inner side of the vial wall. Both the rotation of the 
frame and a cold air blast, flowing from the higher to the lower 
part of the outer surface of the vials, are started up. After 20-25 
min., the liquid is completely frozen in contact with the internal 
wall of the vial. The stratum. having an average thickness of a few 
millimeters, is formed by several superimposed thin layers showing 
a spiral form; at the bottom of the vial, the frozen layer is about 
3-3.5 mm. thick (Table I, Column b), depending on the diameter 
of the vial and the liquid volume (Table I. Column VL). The trays 
containing the. frozen vials are placed into a conventional static 
freezer until the loading of the drying equipment is completed and 
are then lyophilized as usual. 
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Table Ia-Cubic Paraboloid Measured and Calculated Vdu& 


~~ 


12 1 .o 1.090 20 D.% 0.28 3.104 4.52 4.77 8.69 
13 1.2 1.308 20 0.98 0.32 5.405 4.07 5.33 9.50 
14 1.5 1.653 20 1.06 0.42. 5.542 3 . 5 0  6.20 10.34 . 


4 Fbr the calculations and solutions, see text. * 6 = vial diameter, VL - vblumt of 15 % aqueous solution atill at liquid stat V = V L  volume 
at frozen state, H = height of fluid on wall of frozen araboloid-shaped vial, B = height and thickness of statically frozen. soluaoon, b - thickness 
of bottom side of solution when frozen in araboloitshape, S = evaporatmg surface of frozen paraboloid-shaped solution, Rs = ratio between 
eva orating paraboloid surface S and one ofthe same solution statically frozen. S1 = surface of thermal transfer of statically frozen vial, and SS - 
sdke of thermal transfer of same frozen cubic paraboloid-shaped vial as in &. 


RESULTS 


Compared with the usual static procedures, the rotational freez- 
ing procedure deshibed hereshows the following advantages: 
In the hezing -1. Thinner layers: 0.2-2 mm. on the w d s  


and about 3 mm. at the bottom (Table I, Column b)  instead of 10-1 1 
mm. 


2. Minimized freezing periods (Fig. 6): about 25 d n .  instead 
of 4-6 hr. (Fig. 5) (13). This occurs because the heat exchange sur- 
face is almost doubled (Table I, Column St) and the heat transfer 
from a paraboloid-shaped mass is much faster than for cylindric 
tablets; the heat exchange decreases with the increasing frozen 
layer thickness. 


3. Reduced chemical and physical changes: e.g., oxidation reac- 
tions on the surface of the tablet, concentration of salts and possible 
protein (enzymes) denaturation, particle accumulation from sus- 
pensions, and emulsion ciacking due to the reduced freezing time. 


4. Absence of undercooled areas which might be formed in the 
cylindric tablets due to the rotation of the solution during the 
freezing time. 


5. Absence of fractional crystallization of products contained 
in the solution t6 be frozen. 


6. Constant thickness of the layers due to the rotation during the 
freezing. As a consequence, a shorter time and a regular progression 
in the drying process can be obtained (14). 


7. Formation of tiny and compact crystals from which a com- 
pact and amorpbous freeze-dried product is obtained. 


8. Possibility to reduce the amount of support to be added to the 
solution. 


9. Reduced refrigeration energy consumption to overcome the 
eutectic zone and to get complete freezing. 
h the Dry@ -1. High development of the evaporation 


surface (Table I, Column S). which is about four times as large 
(Table I, Column Ri) as the surface of the solution frozen in single- 
cylindric tablets in similar vials. 


2. Rapid and deep heat penetration into the hyer.. 
3. Hi& drying rate (Fig. 7) due to t& minimal resishce of the 


dried layer to the evaporation of the solvent. 
4. Increased drying efficiency as a result of Points 2 and 3. 
5. Absence of both visibk and invisible fusion areas. 
6. Compact and homogeneous aspect of the final product. 
7. Higher reconstitution rate of the solution. 
8. Reduced thermal energy required for ice elimination. 
A comparison of the working conditions of the rotating freezer 


(Column A) and those of the conventional system (Column B) is 
shown in Table 11. In Case A, a conventional freeze-drying a p  
paratus was used, equipped with a static freezer with 24 trays, a 
freezedrier with 24 trays, and a rotating freezer with two trays. 
In Case b, the same apparatus as in A was used except for the ab- 


H 


I 


L R - I  


Fiiure 4-Geometry of the rotating paraboloid tablet. Key: H = 
totul height, aRa = paraboloid height, b = bottom thickness, R = 
paraboloid radius, and y = paraboloid axis. 
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Figbe &-Comparison of the freezing curves between the rotating 
pamboloid-shaped vial (-) and the cylindric (or bottom freezing) 
Dial (- - -). 
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Ffiglpe 6--Gmph of lhe frozen curve of the rotating pambdoid- 
shaped vial (C). The temperature contrd was set at -45". Key: A, 
temperature of open devia during loading process; B, temperature of 
closed devia during freezing process; and C, product temperature 
during freezing. 


sene of the rotating freezer. The minimal times shown in the table 
are relative to compact cycles without "dead time," while the maxi- 
mum times represent the real operative time. From the data re- 
ported in Table 11, it is evident that with A it is possible to reduce 
the time of operation to 30-50x. 


CALCULATIONS 


The values of +, VL, and H were measured and the therms were 
calculated from the cubic paraboloid using the following formulas: 


Cnlculptioo of V-The volume of the solution when it is a t  the 
frozen state is given by: 


where: 


VL = 
V -  


d =  
0.9 = 


c =  


V = -  >v, + dVL 


volume of solution at  liquid state 
volume of VL at frozen state 
real percent of water in solution 
percent of substance dissolved in solution 
ice density 


(Eq. 1) 


CdcuUoo of a-This constant of the cubic paraboloid has the 
following equation: 


y = ora 0%. 2) 


Table I I 4 r n p a r i s o n  of Working Hours between Paraboloid (A) 
and Bottom Freezing (B) Methods 


A B Remarks 


0.5 ht. 6 hr. 6 hr. 15 hr. Freezing time, 24 trays' 
10 hr. 12hr. 20hr. 24hr. Drying tin%, 24 trays 
10.5 hr. 18hr. 26hr. 39hr. Total hours 


~~ 


a This time course is calculated from the moment when the last tray 
full of dosed vials is placed into the statical freezer to the moment when 
the first tray with frozen vials is carried from the freezer to the drying 
room. 
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Figure 7-Temperature-time and pressure-time curves chamcter- 
istic of the drying cycle for the rotating parahdoid-shaped vials. 


after a series of control measurements. This equation reproduces 
satisfactorily the shape of the surface of the product frozen in an 
inclined vial and on a turning support. 


(Eq. 3) 


where : 


r R * H  = total volume at  total height H (Fig. 4) 
3 
5 


Equation 3 is used to find out P required to calculate b and S. 


= volume of cubic paraboloid (empty part of Fig. 4) 


Thus it bebrnes: 


(Eq. kr) rR'H - V 5 rR' 
a -  


Calculation of &The bottom thickness (Fig. 4) is given by: 


b =  H - a R '  (Es. 4) 


where : 


H = total height 
aRa = paraboloid height 


Calculatloa of S-The inside paraboloid surface is given by: 
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s = I$.(& + R4)'" + S' - Sf + SCP m.8) 


where: 


Sf = basesurface 
Scp = cylindric lateral surface comsponding to height of 


paraboloidally frozen solution cpleulatioa of Rs-The ratio between paraboloid (S) and the up 
per surface of a cylindric tablet is given by: 


S RP-- iR' 0%. a) 


Calahtiaa of !+The surface of thermal exchange for a sta- 
tically frozen vial is given by: 


s, - Sf + scs (Eq. 7) 


where : 


Sf = base surface 
Scs = cylindric lateral surface c6rresponding to height of sta- 


Caldtioa of SS-The surface of the thermal exchange of the 


tically frozen solution 


frozen paraboloid-shaped vial is given by: 


500 -1 .. 


w 
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CONCLUSIONS 


With the abovk-dcscribed apparatus and technique, solutions, 
suspensions, ahd emulsions can be frozen in vials or small containers. 
An improvement of the freezbdried product and a reduced cast are 
obtained due to the large surface and the thickness of the layer. 


The increased freeiing and drying rates make it possible to carry 
out two working cycles a day with the same lyostat. The described 
method is carried out with a rotating freeze.r, which represents only 
a further addition to the normally used apparatus of a freeze-drying 
department. Therefore, it is not necessary to make any substitution 
or to change the existidg plants, except fot the collecting vial trays 
with a drilled bottom. The reported calculations (Table I) are use 
ful to obtain the necesmy thicknq at the vial bottom with a given 
height of the from paraboloid-shaped liquid. This height depends 


60" 
I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ' ~  I 1  I 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 


HOURS 


Condonror prormuro 
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I I I I  I . 1 1  I I  
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HOURS 


Flgw &Temperaturelime and pressure-time curves characteristic of the drying cycle for fmzen cylindric (or bortom freezing) tablets. 
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on the freezer inclination and the volume of the liquid. With a 
different inclination of the freezer corresponds a different heat 
exchange surface which, therefore, can be changed according to the 
working conditions. 
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Evaluation of Magnetic Basket Dissolution 
Apparatus I: Differences in Tablet Formulations 


T. E. NEEDHAM’, R. E. SHEPHERD, and L. A. LUZZI 


Abstract IJ The use of the magnetic basket dissolution apparatus 
as a means of following the dissolution of tablets was studied. 
Several different formulations of pentobarbituric acid tablets were 
manufactured and used to illustrate the ability of the magnetic 
basket dissolution apparatus to differentiate between the dissolu- 
tion of tablets with differences in particle size of active ingredients, 
in formulation, and in hardness. The magnetic basket dissolution 
apparatus was compared with the USP XVIIl and Levy beaker 
methods for following dissolution. Log probability plots were used 
as a means of providing a quick and accurate dimension for ana- 
lyzing dissolution data. 


Keyphrases 0 Dissolution equipment-omparison of magnetic 
basket apparatus with compendial and Levy beaker methods for 
studying differences in tablet formulations IJ Magnetic basket 
dissolution apparatus-differentiation between tablet formulations, 
cornpared with compendial and Levy beaker methods IJ Tablet 
dissolution-magnetic basket apparatus used to study formulation 
differences, compared with compendial and Levy beaker methods 0 
Log probability plots-used to analyze dissolution data, magnetic 
basket apparatus compared with cornpendial and Levy beaker 
methods 


In oifro dissolution profiles are of importance when 
they can be correlated to in oioo studies or when the 
results can be used to evaluate and examine relative 
differences in drug dissolution and, hence, availability 
for absorption between dosage forms or differences 
from batch to batch of the same formulation. Implied 
by these qualities is reproducibility of dissolution pro- 
files for the dosage form and drug in question. An in 
uitro technique incorporating these capabilities is, of 
course, the ideal for which one strives. 


In this quest, Levy and Hayes (1, 2) showed that the 
round-bottom beaker method in combination with slow 


agitation rates simulates, in physical appearance, the 
deposition of the dosage form in the stomach and 
mimics in oivo disintegration. In an earlier report (3), 
it was shown that the magnetic.basket yielded repro- 
ducible dissolution results for both capsules and table.&. 
During the initial investigation of the magnetic basket, 
the concern was to ascertain the degree of reproduci- 
bility possible; in addition, it was found that certain 
characteristics of capsule disintegration and dissolution 
could be determined from the results. One type of tablet 
was examined, and it was determined that dissolution 
from this tablet could be reproducibly followed using 
the magnetic basket. No attempt at comparisons with 
other methods was made at that time. 


This report delineates the reproducibility for dissolu- 
tibn of tablets, and it shows that the magnetic basket 
can be used to detect formulation differences in tablets. 
In this study, comparisons of the dissolution rate using 
the magnetic basket, the USP XVIII basket, and the 
Levy round-bottom beaker are discussed. 


EXP-NTAL 


Material-Pentobarbituric acid powder and pentobarbituric 
acid micronized were supplied by a commercial sourcel. The dis- 
solution medium consisted of a b u m  mixture (4) of hydrochloric 
acid and potassium chloride at  pH 2. Fast flow lactose’, micro- 
crystalline cellulose’, starch‘, and stearic acid5 were purchased. 


* Abbott LaboratorieJ. * Foremost Dairy, San Francisco. &if. * Avesil FMS Cor 


* F d e r  Chemicals, Fair Lawn, N. J. 
Newark, Del. 


Ru er‘Chemical &., Inc., Irving, N. I. 
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agents retard healing by their anti-inflammatory and inhibitory 
actions on mucopolysaccharide synthesis (2). Retinoic acid reverses 
the healing retardation action of anti-inflammatory agents (13). 
Active retinoic acid homologs studied in the present paper promote 
wound healing by increasing granuloma mass. 
The healing-promoting action of these active retinoic acid homo- 


logs is further evidenced by the increase of hydroxyproline and 
hexosamine contents of the granuloma (Tables 111-VI), Hydroxy- 
proline is an important constituent of collagen, which is an es- 
sential component of connective tissue. Hexosamine is a component 
of mucopolysaccharide, and the role of mucopolysaccharide in 
healing was extensively discussed previously (2). As shown in 
Tables 111-VI, both the hydroxyproline and hexosamine contents 
were increased in the granuloma with either one of the active com- 
pounds. This fact indicated that these compounds increased con- 
nective tissue regeneration. However, the amount of hydroxyproline 
or hexosamine per unit of weight of granuloma of the experimental 
was lower than that of the control. This fact indicated that these 
active compounds also stimulated inflammation. 


It is suggested that active retinoic acid homologs, like retinol, 
promote healing by inducing inflammation and increase muco- 
polysaccharide and collagen synthesis mechanisms of action. 
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Extraction and Separation of 
Anthraquinone Glycosides 


STEPHEN CHAO YUNG SU and N. M. FERGUSON' 


Abstract 0 A method was developed for extracting anthraquinone 
aglycones and their corresponding glycosides from plant materials 
and for separating them in pure form. The method consists of 
rendering the glycosides and aglycones insoluble in chloroform and 
then removing, stepwise, the interfering extractable substances. 
The method makes use of the fact that the aglycones are chloroform 
soluble whereas the glycosides are not. The method was applied 
with good results to the isolation of the aglycones and glycosides 
of cascara and senna. 


Keyphrases 0 Anthraquinone aglycones and corresponding glyco- 
sides-extraction, separation from plant material Cascara bark 
-extraction, separation of anthraquinone aglycones and glycosides 
0 Senna leaves-xtraction, separation of anthrayuinone aglycones 
and glycosides 


The methods that have been used to date for the iso- 
lation and purification of the anthraquinone derivative 
glycosides from cascara bark and senna leaflets fall 
into three categories. The first involves an aqueous or 
hydroalcoholic menstruum (I), and the second uses 
a pure solvent such as methanol (2, 3), ethanol (4), 
propyl alcohol, or isopropyl alcohol ( I ) .  The final 
method uses a solvent such as chloroform or ether ( 5 )  
to remove certain interfering substances, and then 
extraction proceeds using an alcoholic menstruum. Puri- 
fication of the various fractions is then accomplished by 


recrystallization from one of these solvents. In some 
procedures, the fractions are acetylated in benzene (1, 3, 
6) prior to being further purified by fractional crystalli- 
zation. 


In view of the fact that interfering plant constituents 
in cascara bark and senna leaflets made a clearcut 
separation of their constituents impossible by these 
methods, it was decided to try to develop a new proce- 
dure which would produce purer fractions of the an- 
thracene derivatives, particularly derivatives of hy- 
droxyanthraquinones, both free and in the form of 
gl ycosides. 


EXPERIMENTAL 


Extraction Procedure-The extraction procedure chosen (Scheme 
I) is based on the fact that the hydroxyanthraquinone derivatives 
and their corresponding glycosides are present both free and as 
magnesium, potassium, and sodium salts combined either through 
a hydroxy or a carboxylic acid group. In addition, the separation 
method capitalizes on the differential solubility in chloroform of 
the glycosides and their aglycones as well as other anthracene de- 
rivatives. The glycosides are insoluble in chloroform whereas the 
free aglycones, as well as the other anthracene derivatives, are 
chloroform soluble. 


The extraction procedure consisted of macerating the ground drug 
for 24 hr. with 5 %  acetic acid. The purpose of this step was to l i b  
erate the free anthraquinones and their corresponding glycosides 
from their magnesium, potassium, or sodium salts, in which form 
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ground drug 
(macerate with acetic acid and air dry) 


extract with chloroform 
I 
1 


1 
marc 


(air dry) 


extract with ethanol 
I 
1 


1 
chloroform layer 


(free aglycones, erc.) 


t 
filtrate 


(alkalinize with 
potassium hydroxide and filter) 


I - t 
marc 


filtrate residue 
(glycoside. salts) 


suspend in alcohol and neutralize 
with glacial acetic acid 


heat to boiling and filter 
1 ' 


residue filtrate 
(free glycosides) 


evaporate to dryness 
in uacuo, and 


recrystallize from 
isopropyl alcohol 


Scheme I-General Exrraction Procedure 


some of them are present in the plant. The maceration mixture was 
then dried and extracted with chloroform until free of anthracene 
derivatives. The drug was again air dried and then extracted with 
warm 95% ethanol. The alcoholic extract was then treated with 5 %  
alcoholic potassium hydroxide solution until precipitation of the 
anthraquinone glycosides was complete. Following this step, the 
residue was filtered and washed with 95% ethanol to remove the 
last traces of potassium hydroxide and was then sucked dry on a 
Buchner funnel. The anthraquinone glycoside salt residue was sus- 
pended in warm ethanol, and the free glycosides were liberated 
by adding glacial acetic acid dropwise with stirring until the color 
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Figure 1-Chromatogram of glucosides. 
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Table I-Rj Values of Cascara Glucosides Calculated from Fig. 1 


Spot 
Number Rf Value 


1 
2 
3 


0.80 
0.57 
0.26 


Table II-RI Values of Senna Glucosides Calculated from Fig. 1 


spot 
RI Value Number 


4 0.75 
5 0.71 
6 0.65 
7 0.48 
8 0.05 


change was complete. The solution was then filtered hot, and the 
residue was further extracted with warm ethanol. The combined 
filtrates were then evaporated to dryness under reduced pressure, 
and the residue was recrystallized from isopropyl alcohol. 


Cascara Sagradu-Powdered cascara sagrada bark (Rhamnus 
pirrshiana, D. C.)1, 300 g., was macerated with 850 ml. of 5 %  acetic 
acid for 24 hr. in a 2000.ml. stoppered conical flask. The mixture 
was air dried, after which it was exhaustively extracted with chloro- 
form to remove free anthraquinones as well as many impurities. 
This required 11 600-ml. portions of chloroform. The absence of a 
red color imparted to a small portion of the chloroform filtrate on 
the addition of a few drops of 5 %  alcoholic potassium hydroxide 
indicated complete extraction of the hydroxyanthraquinones. The 
chloroform extracts were then combined and evaporated in air to 
give 21.6 g. of residue. 


The marc obtained was air dried and extracted exhaustively with 
W m l .  portions of warm ethanol until successive extracts showed 
no red or pink coloration when treated with a few drops of a 5 %  
alcoholic potassium hydroxide solution. For complete extraction. 
8100 ml. of ethanol was required. The combined filtrates were then 
evaporated to 3OOO ml. in uacuo at 40". To this solution, 5 %  alco- 
holic potassium hydroxide was added until no further precipita- 
tion occurred. The solution was then filtered, and the residue was 
washed with cold ethanol to remove the last traces of potassium 
hydroxide and then dried by suction on the Buchner funnel. The 
residue thus obtained, consisting of the potassium salts of the gly- 
cosides, was suspended in warm ethanol; the free glycosides were 
liberated by adding glacial acetic acid slowly with stirring. The 
solution was then filtered hot, and the residue was further extracted 
with warm ethanol. The combined filtrates were evaporated to 
dryness in uacuo at  a", and the residue thus obtained was recrys- 
tallized from isopropyl alcohol. The yield of glycosides from 300 g. 
of cascara bark was 5.5 g. or 1.83 %. 


Senna-Powdered senna' (Cassia angusti/olia, Delile), 300 g., 
was extracted by the same method as was used for cascara bark. 
The chloroform extracts, when combined and evaporated in air, 
gave 22.4 g. of residue. The yield of glycosides from the marc was 
5.2g. or 1.73Z. 


Chrornatographlc Separation-Glucosides of Cascara and Senna- 
Because of the difference in the solubility of the hydrophilic an- 
thraquinone glycosides compared to that of the lipophilic agly- 
cones, it is impossible to carry out the separation of both these 
compounds simultaneously in one system. It became necessary, 
therefore, to use two different sets of conditions for their separa- 
tion. 


In the chromatographic separation of the glucosides, the method 
of Betts et al. (7) was used. This consisted of using a mixture of 
water, acetone, and benzene (2: 1 :4); the mixture was shaken vigor- 
ously and then allowed to separate. The lower aqueous phase (i.e.. 


'Cascara saprada bark USP XVI. I 0 0  mesh. Control No. BKP 
1853. S. B. Penick and Co., New York, N. Y. 


* Senna leaves. Cassiu ungustifolia. Delile, Tinnevelley No. I ,  NF X, 
40mesh. Lot No. WEB-414, E-10317, S. B. Penick and Co., New York. 
N. Y. 







Table III-Rf Values of Aglycones Calculated from Fig. 2 


pure cascara^ 
Aglycone Observed Obsaved 


Aglycone Spot Rf Value RfValue &Value 


Chrysophanic A 0.98 0.98 0.98 


0.83 0.83 0.83 - 0.53 
Aloe enlodin B 
Frangula C 0.53  


acid 


em-odin 
Rhein D - 0.035 - 


the running solvent) and a beaker containing the upper phase of the 
mixture were placed on the bottom of a chromatographic jar. After 
equilibrium was established, the glucoside mixture, dissolved in 
alcohol, was spotted on Whatman No. 1 paper and placed in the jar. 
When the solvent front reached a suitable height, the paper was 
removed, dried, sprayed with 0.5x magnesium acetate in methanol, 
and heated to about 100“ for 3-5 min. The glucosides appeared as 
yellow to orange spots. The chromatograms are shown in Fig. 1, 
and the Rf values are listed in Tables I and 11. 


In the chromatogram for the mixture of the glucosides of cascara, 
three distinct spots developed on the paper, showing three separate 
cascara glucosides. The spot marked “1” and having an R, value 
of 0.80 corresponds to Frangula emodin glucoside, the spot marked 
“2” and having an Rf value of 0.57 corresponds to Aloe emodin 
glucoside, and the spot marked “3” and having an Rf value of 0.26 
corresponds to chrysophanic glucoside. 


In the chromatogram for the mixture of the glucosides of senna, 
it is Seen that five spots appear for senna corresponding to five 
separate glucosides. 


Aglycones of Cascara and Senna Glycosides-To determine the 
exact composition of the glycosides of cascara and senna as ex- 
tracted by the developed procedure, it was thought advisable to 
hydrolyze each of the glycosidal fractions thus obtained and to 
identify the aglycones. 


Hydrolysis of G l y d d e s  of Cascara and Sema-A solution 
consisting of 20 mg. of the appropriate isolated glycosidal fraction 
was dissolved in 25 ml. of a 1 : 1 methanol-water mixture and re- 
fluxed in a boiling water bath for 30 min., using a mixture of hy- 
drochloric acid and ferric chloride as the hydrolytic agent (7, 8). 
The mixture was then cooled and extracted with ether, using three 
25-ml. portions. The combined ether fractions were then washed 
with three 15-ml. portions of water to remove the hydrochloric 
acid and ferric chloride. The ether solution was diluted to 50 ml. 
with ether and dried over anhydrous sodium sulfate. 


chromptographic separation of AgIyc01m-A small amount of 
the filtered ether solution of the aglycones was spotted on What- 
man No. 1 paper and chromatographed by the ascending method 
according to Betts er af. (7), using toluene as the running solvent. 


The aglycone chromatograms are shown in Fig. 2. The aglycones 
hydrolyzed from the glycosides extracted and the Rf values for these 
aglycones are listed in Table 111, where they are compared with 
published values for the pure aglycones. It is Seen that the Rf values 
of the pure aglycones are just reversed in value when converted to 
their corresponding glucosides. This is due to the fact that, in the 
polar solvent system used, the addition of the sugar to the aglycone as 
a glucoside increases the polarity of the molecule. Thus, chrysophanic 
acid has an Rf value of 0.98, whereas chrysophanic acid glucoside 
has an Rf value of 0.26. Similarly, Aloe emodin has an RI value of 
0.83 and Aloe emodin glucoside has an R, value of 0.57. Frangula 
emodin shows an RI value of 0.53, whereas the corresponding Fran- 
gula emodin glucoside Rf value is 0.80. This general principle is 
borne out in the literature (8). The literature (8) value given as the 
Rf for rhein is 0.00-0.03, since there is considerable tailing in this 
constituent. The results obtained here of 0.035 are certainly within 
experimental error for this determination. 


The paper chromatograms, after being developed through 
spraying, were dipped in melted parafin to preserve them. The 
chromatograms then could be stored for long periods without loss 


1.00 
O A  0, O A  


1.00 


0 .251 


- 0.50 


t 0.25 


COMBINED PURE CASCARA 


Figure 2-Chtiimatogram of aglycones. 


of color and could serve as references for comparison with later 
work. 


SUMMARY AND CONCLUSIONS 


A method was developed for extracting anthraquinone aglycones 
and their corresponding glycosides from plant materials and for 
separating them in pure form. This method eliminates the difficulties 
of filtration and extraction encountered in previous methods by 
rendering the glycosides insoluble from the start. In this way, many 
interfering substances are eliminated. Paper chromatograms and cor- 
responding Rf values were tabulated for the aglycones and gly- 
cosides of cascara and senna. 


A method was also developed for the preparation and preserva- 
tion of paper chromatograms. 
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on the freezer inclination and the volume of the liquid. With a 
different inclination of the freezer corresponds a different heat 
exchange surface which, therefore, can be changed according to the 
working conditions. 
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Evaluation of Magnetic Basket Dissolution 
Apparatus I: Differences in Tablet Formulations 


T. E. NEEDHAM’, R. E. SHEPHERD, and L. A. LUZZI 


Abstract IJ The use of the magnetic basket dissolution apparatus 
as a means of following the dissolution of tablets was studied. 
Several different formulations of pentobarbituric acid tablets were 
manufactured and used to illustrate the ability of the magnetic 
basket dissolution apparatus to differentiate between the dissolu- 
tion of tablets with differences in particle size of active ingredients, 
in formulation, and in hardness. The magnetic basket dissolution 
apparatus was compared with the USP XVIIl and Levy beaker 
methods for following dissolution. Log probability plots were used 
as a means of providing a quick and accurate dimension for ana- 
lyzing dissolution data. 


Keyphrases 0 Dissolution equipment-omparison of magnetic 
basket apparatus with compendial and Levy beaker methods for 
studying differences in tablet formulations IJ Magnetic basket 
dissolution apparatus-differentiation between tablet formulations, 
cornpared with compendial and Levy beaker methods IJ Tablet 
dissolution-magnetic basket apparatus used to study formulation 
differences, compared with compendial and Levy beaker methods 0 
Log probability plots-used to analyze dissolution data, magnetic 
basket apparatus compared with cornpendial and Levy beaker 
methods 


In oifro dissolution profiles are of importance when 
they can be correlated to in oioo studies or when the 
results can be used to evaluate and examine relative 
differences in drug dissolution and, hence, availability 
for absorption between dosage forms or differences 
from batch to batch of the same formulation. Implied 
by these qualities is reproducibility of dissolution pro- 
files for the dosage form and drug in question. An in 
uitro technique incorporating these capabilities is, of 
course, the ideal for which one strives. 


In this quest, Levy and Hayes (1, 2) showed that the 
round-bottom beaker method in combination with slow 


agitation rates simulates, in physical appearance, the 
deposition of the dosage form in the stomach and 
mimics in oivo disintegration. In an earlier report (3), 
it was shown that the magnetic.basket yielded repro- 
ducible dissolution results for both capsules and table.&. 
During the initial investigation of the magnetic basket, 
the concern was to ascertain the degree of reproduci- 
bility possible; in addition, it was found that certain 
characteristics of capsule disintegration and dissolution 
could be determined from the results. One type of tablet 
was examined, and it was determined that dissolution 
from this tablet could be reproducibly followed using 
the magnetic basket. No attempt at comparisons with 
other methods was made at that time. 


This report delineates the reproducibility for dissolu- 
tibn of tablets, and it shows that the magnetic basket 
can be used to detect formulation differences in tablets. 
In this study, comparisons of the dissolution rate using 
the magnetic basket, the USP XVIII basket, and the 
Levy round-bottom beaker are discussed. 


EXP-NTAL 


Material-Pentobarbituric acid powder and pentobarbituric 
acid micronized were supplied by a commercial sourcel. The dis- 
solution medium consisted of a b u m  mixture (4) of hydrochloric 
acid and potassium chloride at  pH 2. Fast flow lactose’, micro- 
crystalline cellulose’, starch‘, and stearic acid5 were purchased. 


* Abbott LaboratorieJ. * Foremost Dairy, San Francisco. &if. * Avesil FMS Cor 


* F d e r  Chemicals, Fair Lawn, N. J. 
Newark, Del. 


Ru er‘Chemical &., Inc., Irving, N. I. 
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Table I-Tablet Formulations 


Formula Formula Formula Formula 
I II III Iv 


Peatobarbituric - - 25.0 25.0 


- +d 


barbituric acid 
M~ctonizedpente 25.0 25.0 - 
Lactose 236.0 243.0 236.0 243.0 
Microcrvstalliae 43.5 43.5 43.5 43.5 


cellulose 
Starch 35.0 35.0 35.0 35.0 
Stearic acid 10.5 3 . 5  10.5 3 . 5  


Equipment-The three dissolution systems used included the 
USP XVIII dissolution apparatus (3, the round-bottom beaker 
(1,2,6), and the magnetic basket (3). 


Tablets were compressed using a 16.station rotary tablet press' 
equipped with an induced die feeder. Standard concave punches, 
0.95 cm. (0.37 in.), were used. A hardness tester' was employed. 


TpMet Formulation-Tablets were compressed from the four 
formulations listed in Table I. All tablets were weighed and meas- 
ured for thickness. Fifty percent of those tablets meeting specifi- 
cations were examined for hardness; at least 75 tablets were ex- 
amined for each hardness variation of all formulations. 


Each of the four formulations was compressed at a t  least two 
hardnesses as determined by the hardness tester. For example, the 
range of hardness used for certain tablets was 8.6-9.0 with an aver- 
age of 8.8; for softer tablets, a range was 3.1-4.0 with an average of 
3.7. 


Annlysis of TPMetkThe weight of each tablet was determined 
prior to dissolution, and the amount dissolved at  any time t ,  
reported as a percent of total acid, was determined a t  240 nm. using 
appropriate blanks. Samples were taken at 2-min. intervals for the 
first 20 min. and then at  Qmin. intervals until dissolution was 
complete. Reproducibility of results was determined by comparison 
of the variation produced at time intervals for similar tablets. 
For example, the Formula 111 tablets illustrated in Fig. 2 showed a 
standard error of the mean of 3.44, 5.07, 7.33, and 6.36 for the first 
four time intervals, respectively, with a reduction to  3.91 or less for 
the remaining samples. Each dissolution profile is the average of at 
least five tablets. 


RESULTS AND DISCUSSION 


Previous work (3) indicated that the magnetic basket could re- 
producibly follow the dissolution of both capsules and tablets. The 
additional versatility of this method can be seen if Merent formu- 
lations of the same drug are considered. In Fig. 1 the dissolution of 
tablets composed of Formulas 111 and IV are compared. By use of 
the magnetic basket method, differences between formulations that 


5 10 15 20 25 
MINUTES 


Hgwe I-Comparison of dissolution mtes of actim ingredients from 
tablets with different formulations and the same hardness, using the 
magnetic basket dissolution apparatus. 


* Model 216-RP Cherry-Burrell. 
7 Erweka Electromc. 


5 10 15 20 25 30 35 
MINUTES 


Figure 2-Comparison of d&olution mte of actiw ingredients from 
tablets of the same formulation ond different hardness, using the 
magnetic basket dissolution appamtus. 


are of the same average hardness and weight but differ in stearic 
acid content may be detected. 


Figure 2 illustrates the difference found in dissolution between 
tablets using Formula 111 with different average hardnesses of 8.8 
and 3.7. A distinct difference in the dissolution profiles of the two 
different hardnesses is seen, with the softer tablet as expected show- 
ing a much faster dissolution rate. The parallel dissolution behavior 
between the two tablets can be clearly seen using a log probability 
plot of time oersus percent dissolved (7). Although the log prob- 
ability relationship is most frequently used to describe the size 
distribution of particulate matter, it can be used in this case as a 
means of illustrating dissolution behavior. In the former case, both 
straight and curved lines may result. A straight line indicates that 
the sample examined is composed of a normal distribution, i.e.. all 
particles belong to the same population. A curved line indicates 
that the sample contains particles from more than one population. 
If the case of tablet dissolution is considered and the straight line is 
indicative of dissolution from a relatively unchanging set of param- 
eters, then the correlation of dissolution behavior can be seen. 


Figure 3 shows that two straight lines represent the dissolution 
profile of each tablet. It would seem that the first straight line is 
indicative of the initial dissolution-diisintegation of the tablet when 
the tablet matrix is still present. That is, the surface area is relatively 
unchanged since the diminishing surface area of the tablet is offset 
by the increase in surface area due to disintegration. The second 
straight line should represent the dissolution phase when the tablet 
matrix is no longer present and dissolution is taking place from an 
infinite number of particles residing predominantly at the beaker 
bottom. Visual observation correlates with the appearance of the 
second linear segment in the log probability plots. Furthermore, in 
Wagner's (7) derivation of the rationale for use of log probability 


CUMULATIVE PERCENT RELEASED 


Figure 3-Cwnulative percent released versus time as an illustration 
of the treatment of data for tablets of the same formulation but of 
different hardness. 
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5 10 15 20 25 30 
MINUTES 


Flgure 4-Comparison of dissolution mtes of aciive ingredient from 
tablets as a f i c t ion  of particle size of active ingredient, using the 
magnetic basket dissolution apparatus. 


plots, his first assumption is that under sink conditions and changing 
surface area, one may assume that the surface area available for 
dissolution decreases exponentially with time. This would agree 
with the second segment of the straight line taking place after the 
tablet matrix has disintegrated. 


One would expect deviation from the straight line concept in two 
places. The first deviation would be at the apex where the two 
straight lines intersect. since there is a transitional period when the 
dissolution-disintegration process and its concomitant “large” 
particles (small surface area) are changing to a pure dissolution 
process involving many smaller particles with a large surface area. 
The second deviation would be at the end of the second straight 
line when the material is approaching 100% dissolution. Here one is 
on the plateau of the regular dissolution curve, and the amount of 
drug dissolving per unit time is somewhat less than that rate wit- 
nessed during the initial portions of the second straight line. There- 
fore, the cumulative percent dissolved would remain virtudy un- 
changed as time increased, giving rise to almost a vertical line. 
This deviation is small in this case and, although not shown in Fig. 
3, may be attributed to a discontinuance of exponential exposure of 
the particle surface due to an increased shielding of the drug particle 
by insoluble tablet ingredients. The difference in hardness between 
the two tablets is readily seen by comparison of the intercepts of the 
two straight lines. For the tablets with an average hardness of 3.7, 
this intercept mcurs a t  6 min. The harder tablets, with an average 
hardness of 8.8, show this intercept at 13 min., which is what would 
be expected of a higher Compression tablet. 


To illustrate the ability of the magnetic basket to differentiate 
between tablets with different particle size of the active ingredient, 
Formulations I1 and IV were used. Formulation I1 contained 
micronized pentobarbituric acid, with a mean surface diameter of 
4.42 p ;  in Formulation IV, the pentobarbituric acid had a mean sur- 
face diameter of 9.96 p. Figure 4 shows the dissolution profiles for 
these two formulations using tablets of comparable hardness. While 
the magnetic basket shows a difference between the dissolution pro- 
file as a function of particle size, the micronization of pento- 
barbituric acid does not give faster dissolution. This behavior was 
also shown to be true when comparing Formulations I and 111. 


Figure 5 shows a comparison of the official USP XVIII dissolu- 
tion test, the Levy beaker method, and the magnetic basket method 
using tablets from Formulation 111 with an average hardness of 8.8. 
All three methods show similar dissolution profiles, with the USP 
method reaching its peak dissolution somewhat faster than the 
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Figure SCompOrison of dissdution of active ingredient from tablets 
of ihe same formulation wing the USP, beaker, and magnetic basket 
dissolution appuratus. All tablets were from Formula III with a 
hardness of 8.6. 


other two methods. A factor that would contribute to faster dis- 
solution rates using the USP XVIII apparatus is the obvious screen- 
ing, through centrifugal force, imposed on the dosage form placed 
in the spinning basket. This spinning and resulting rapid dissolution 
also tends to mask or level relatively small differences in tablet dis- 
solution rates. The Levy beaker and the magnetic basket methods 
showed similarity in all dissolution comparisons of the various 
formulations. 


While in a previous preliminary study there were indications that 
reproducibility and detection of formulation differences in both 
capsules and tablets were possible with the magnetic basket, it may 
be concluded from this study that the magnetic basket method is 
versatile in its ability to differentiate between the common param- 
eters of hardness, particle size, and formulation differences found 
in these tablet studies. Furthermore, it will apparently provide a 
means of differentiation for both capsules and tablets, presenting 
the results in a directly comparable manner. Its use in combination 
with log probability plots provides a quick and accurate means of 
analyzing dissolution data. 
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ortho Effect in Alkaline Hydrolysis of 
ortho-Substituted Benzoylcholine Esters 


JAMES J. ZIMMERMAN' and SUH-JEN YAU 


Abstract 0 Second-order rate constants were determined for the 
alkaline hydrolysis of orrho-substituted benzoylcholine esters in 
0.1 M aqueous NaCl at pH 9.0. Activation parameters for the re- 
actions were calculated from the slopes of Arrhenius plots, with all 
plots being linear in the range of 25-45'. One derivative, emethyl- 
benzoylcholine, exhibited an abrupt change in the Arrhenius slope 
above 50". Over the same extended temperature range, benzoyl- 
choline and ochlorobenzoykholine gave no such change. An aver- 
age isergonic temperature, @ = 267"K., was calculated for the 
series from three independent correlations involving activation 
(AH* cersus AS*), rate (log kl cersus log kr), and linear free energy 
( p T  versus 1/T) data. The parameters AG*, AH*, and A P  each 
correlate independently with 01, the Taft inductive constant, indi- 
cating that the hydrolysis reactions are "well behaved." By com- 
parison, thermodynamic parameters for acetic acid ionizations 
(i.e., a model process defining UI) are not well behaved: AHo versus 
ASo is nonlinear, but AGO, AH:,, and AS" correlate independently 
with uf. Rho-sigma correlations and an isergonic relationship for the 
benzoylcholine reactions are interpreted on the basis of the Hammett 
and Hepler analyses, respectively. Entropy values for this congeneric 
series are discussed in relation to the positive charge on the quater- 
nary nitrogen and its effect in potentially neutralizing the substit- 
uent charge. 


Keyphrases Orrho effect-alkaline hydrolysis of orrho-substituted 
benzoylcholine esters, second-order rate constants, thermodynamic 
parameters correlated with Taft inductive constant, relation of 
entropy values to nitrogen charge 0 Benzoylcholine esters, ortho- 
substituted-orrho effect in alkaline hydrolysis, second-order rate 
constants, thermodynamic parameters correlated with Taft in- 
ductive constant, rho-sigma correlations 0 Thermodynamic 
parameters-alkaline hydrolysis of benzoylcholine esters, orrho 
effect, correlated with Taft inductive constant 0 Hydrolysis, alka- 
line-effect of orrho-substitution. benzoylcholine esters, thermo- 
dynamic parameters calculated 


The substituent effects for a number of aliphatic 
(1-3) and aromatic (4, 5 )  reaction series have been suc- 
cessfully correlated using the Taft inductive constant, 
uI, originally defined according to Eq. 1 (3): 


01 = 0.450, = 0.45 [bg(k/kCa,)A - bg(k/kCH,)B] (me 1) 


where u*, the Taft polar constant, was obtained as the 
difference in the logarithms of the relative hydrolysis 
or esterification constants for acetate esters in alkaline 
(B) and acidic (A) solutions; k and kCH, refer to rate 
constants for substituted and nonsubstituted acetate 
esters, respectively. This definition (Eq. 1) is an incon- 
venient one and, more recently, it has been shown that 
uI may be expressed as a linear function of acetic acid 
ionizations in terms of Eq. 2 (6,7): 


01 = 0.276 log(K/KcaJ (Eq. 2) 


where K and Kca, are the ionization constants deter- 
mined in aqueous solution for substituted and nonsub- 
stituted acetic acid, respectively. 


The electronic mechanism represented by uI is not 
entirely clear, but some evidence suggests that such a 


substituent effect is transmitted by a direct field effect 
instead of by the classical inductive mechanism (i.e., 
induction through the chain) (8, 9). Based upon the 
field effect interpretation, correlations with uI have 
been used to explain the nature of the orrho effect 
in the hydrolysis of benzoate esters. For example, the 
effects of orrho-substituents in the alkaline hydrolysis 
of methyl and ethyl benzoates (4) and benzoylcholine 
iodides ( 5 )  produce rate changes which are highly cor- 
related with uI. Resonance (uR) and steric ( r , )  effects 
are unimportant for these reactions, and apparently 
only field effects (ur) are involved. 


While the proportionality of substituent effects be- 
tween acetic acid ionizations (i.e., the model process 
defining uI) and orrho-substituted benzoate hydrolysis 
reactions is explicable in terms of free energy or internal 
potential energy changes (7), a question remains re- 
garding the similarities or differences that exist be- 
tween the respective solvation mechanisms of these 
reactions. A consideration of the mechanistic differences 
alone would suggest a dissimilarity in the solute-solvent 
interactions for the two processes and, hence, a differ- 
ence in their observed enthalpy-entropy relationships. 
In this regard, previous analyses of substituent effects 
on enthalpy and entropy changes have greatly aug- 
mented the usual mechanistic information obtained 
from rho-sigma correlations; Leffler and Grunwald 
(10) listed a number of organic reaction series which 
exhibit linear enthalpy-entropy profiles in accordance 
with Eq. 3, the isergonic relationship': 


&AH* = fli&AS* 0%. 3) 


where J R  = the Letller-Grunwald operator for sub- 
stituent effects (Le. ,  the change incurred upon a reac- 
tion as a result of substituent variation); the super- 
script, *, refers to activation data; and the slope, Pf, 
is the isergonic temperature. For most isergonic reac- 
tions, Pi is positive in sign (r~100~-1300~K.), and 
a compensatory effect is imposed upon the expression 
for the free energy of activation (Eq. 4): 


&AG* = (f3i - T)GRAS* = (1 - T/fli)a~AH* (Eq. 4) 


From Eq. 4 it is seen that Pf may be defined opera- 
tionally as the temperature at which a particular inter- 
action mechanism vanishes from 6,AG*. Thus, when 
isergonic reactions are conducted near Of = T, more 
useful mechanistic information is potentially available 
from &AS' and 6,AH* than from the simplified 
free energy term. 


'The term isergonic was suggested [see R. L. Schowen, J. Pharm. 
Sci. 56, 931(1967)] as a general term to include both isokinetic and 190- 
equhbriurn phenomena. In keeping with this suggestion, this term was 
adopted in the present report. 
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Table I--secOnd-Ordu Rate Constants for the Alkaline Hydrolysis of orrho-Substituted Benzoykholine Iodides as a 
Function of Temperature 


ortho- 
Substituent 


Hydro n 
Methye 
Metboxy 
Iodo 
Bromo 
Chloro 
Fluoro 
Nitro 


ki, M-' =.-La 
25 " 30" 35" 40" 45 " 50" 55" 57 .a 60" 


1.22 1.65 2.05 2.87 3.66 4.77 6.50 6.61 7.69 
0.620 0.658 0.838 0.959 1.04 1.49 1.88 2.42 


- 0.848 1 . 0 9  1.32 1.83 
1 . 6 6  2.16 2.82 3.64 
1 . 9 6  2.50 3.61 4.73 
2 . n  2 .  88 4.08 5 . 6 6  - 


5.43 7.42 2.96 3.73 
3.36 4.50 7.08 9.44 


- 
- - - - 
- - - - - 
- - - - - 


8.82 10.4 12.4 14.7 - - - - - - - - - - 


a Reported as an average of duplicate runs. With the exception of the methyl derivative, the mean deviation for these averages was less than 
1 %, excluding occasional erratic runs. The mean deviation for the methyl derivative was usually less than 3 %. 


In an effort to elucidate more clearly the mechanism 
of the orfho effect in the alkaline hydrolysis of orfho- 
substituted benzoylcholine esters, the activation param- 
eters for this congeneric series were determined and 
the results were analyzed for the existence of an iser- 
gonic relationship. Both the Leffler-Grunwald (10) 
and Exner (11, 12) approaches for establishing AH* 
oersus AS* profiles were considered to provide three 
independent estimates of &, the isergonic temperature. 
It was also of primary interest to compare the results 
of the present study with those of Hepler's (13) analysis 
for acetic acid ionizations to determine the analogies 
that may or may not exist between the two series with 
respect to isergonic relationships and rho-sigma de- 
pendencies. 


EXPERIMENTAL 
Materials-The synthesis of the ester substrates was reported 


previously (5). An aqueous solution of each ester was prepared 
just prior to investigation and stored under refrigeration during a 
N a y  study. All solutions were 0.1 M in reagent grade sodium chlo- 
ride and, except for the methyl derivative, contained an ester con- 
centration of 5 X 10-' M. o-Methylbenzoylcholine was used at a 
concentration of 2.44 X 10-' M. Purified nitrogen was used to 
provide a carbon dioxide-free environment in the reaction cham- 
ber. with the gas being passed through an aqueous solution before 
entering the chamber. The normalities of the sodium hydroxide 
titrant solutions were determined by titration with standard potas- 
sium acid phthalate solutions. A titrant normality of 0.0243 N 
was used for the methyl derivative, and one of 0.050 N was used for 
all other esters. 


Kinetic Assays-Assays for the hydroxide-ioncatalyzed reactions 
were carried out at a constant pH of 9.00 using a pH-stat assembly 
(Radiometer): automatic titrator (TIT-lc), titrigraph recorder 
(SBR-2), syringe buret unit (SBU-I), and manual temperature 
compensator (PHA 924). The titration unit for this assembly con- 
sisted of a 50-ml. water-jacketed reaction chamber and an electrode 
head fitted with a general-purpose glass electrode (Type G 202c), 
reference calomel electrode (K 401). mechanical stirrer, inlet tube 
for nitrogen, and a titrant delivery tube for slow titrations. Solu- 
tions were maintained at desired temperatures (h0.02") using a 
bath and circulator'. 


Kinetic assays were conducted in the following way. Prior to 
daily runs, the electrode assembly was equilibrated at the desired 
temperature and the pH meter was standardized with pH 9.18 
buffer'. The 45-ml. reaction solutions were routinely flushed with 
nitrogen to the neutral point for the given temperature and then 
allowed to reach the equilibrium temperature. Nitrogen was sub- 
sequently directed across the surface of the solution during the 
kinetic run. Reactions were started by adding sodium hydroxide 
titrant to a pH of 9.00 with the automatic titrator. Base additions 


were continued automatically to maintain a constant pH of 9.00 
during the ester hydrolysis. Depending upon the particular ester 
and temperature used, the length of the kinetic runs varied from 4 
to 352 min., with the average percent hydrolysis for all esters being 
27.9 f 3.3x.  


Since benzoic acid is virtually totally ionized at pH 9.00, the x-y 
recorder plot of titrant added during any kinetic run also provides 
a record of the acid released from the ester: d[OH-ydt = d[BAvdt 
= -d[RCOORYdt. Data points were taken from the exponential 
x-y recorder tracings in calculating the pseudo-first-order rate 
constants. Accurate, readable plots were obtained by using appro- 
priate chart speeds at the various temperatures. 


RESULTS AND DISCUSSION 


Kinetic Constants-Pseudo-first-order rate constants, kob., were 
obtained from the slopes of plots of log [e~ter],,,.i~i., versus time. 
Over the hydrolysis range investigated, all plots were linear with 
correlation coefficients of not less than 0.998. Figure 1,  for the hy- 
drolysis of o-bromobenzoylcholine at four temperatures, is typical 
of the data. 


The kob. for the hydrolysis of rn-nitrobenzoylcholine at  37" was 
previously (5) shown to be a linear function of [OH-] in the pH re- 
gion of 7.4-8.6. A zero intercept for the plot further indicated 
that any  contribution from ko, the water hydrolysis constant, was 
insignificant. In an identical manner for the present data, k ,b  at 
37" for o-bromobenmylcholine is linear in [OH-] from pH 7.4- 
9.0, producing an apparent zero intercept and a correlation coeffi- 
cient of 0.999. Values of kz, the second-order rate constant, were 
therefore calculated for each derivative from the equation: kz = 
k,b/[OH-]. The average values from duplicate runs for kt at various 
temperatures are listed in Table I. 


Activation Parameters-Arrhenius plots of the data given in 
Table I are illustrated by Fig. 2. The activation parameters calcu- 
lated from these data are given in Table I1 and are based on a least- 
squares fit of the equation: log k = [-Ed2.303RIl/T] + A, where 


2 Fonna-Temp. Jr. 
Fisher Scientific. 


Figure 1-Pseudo-first-order plots as a function of temperature for 
the alkaline hydrolysis of o-bromobenzoylcholine iodide in 0.1 M 
aqueous NaCI at p H  9.0. 
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Table II-Activation Parameters for the Alkaline Hydrolysis of 
onho-Substituted Benzoylcholine Iodides" 


Table m4ubst i tuent  EiTects on Activation Parameters for 
orthhsubstituted Benzoykholine Iodides. 


log A ,  
ortho- E,,, kcal.1 A H f b ,  M-1 A S c ,  ail./ 


Substituent mole kcal./mole mole/deg. 


Hydrogen 10.3 9.67 7.63 -25.8 
Methyld 4.86 4.25 3.29 -45.7 


(18.3) (17.7) (12.4) (-3.76) 
Methoxv 9.60 8.98 6.84 -29 .3  
Iodo 9.72 9.11 7.35 -n.o 
Bromo 11.2 10.6 8.48 -21.8 ~- ~ 


Chloro 11.4 10.8 8.71 -20.7 
Fluoro 11.6 1 1  .o 8.96 -19.6 
Nitro 12.8 12.2 9.92 -15.2 


The average standard error associated with Ea and AH* = 0.616 
kcal., with log A = 0.438 unit and with AS* = 2.00 cal. b AH*. the 
enthalpy of activation. was calculated from the relation AH* = En - 
RT. where T = 308°K. (A. A. Frost and R. G. Pearson, "Kineticsand 
Mechanisms." 2nd ed.. Wiley. New York. N. Y., chap. 5) .  =AS+. the 
entropy of activation. was calculated from the relation kz = (RT/Nh) 
exp (AS+/R)  exp ( - A H * / R T ) ,  where h = Planck's constant and N = 
Avogadro:s number (reference of Footnote b). Values in parentheses 
were obtalned using the rate constants at 50,55,57, and 60'. 


E. = Arrhenius activation energy, A = frequency factor, T = OK., 
A = 1.987 cal./deg./mole, and k2 = second-order rate constant. 
The correlation coefficients for these fits were not less than 0.994, 
except for the methyl derivative in the temperature region 25-50" 
for which the value was 0.958. 


A comparison of the activation enthalpies (Table 11) with corre- 
sponding rate constants (Table I) reveals an unexpected trend be- 
tween these parameters. Thus, within the congeneric series, rate 
constants are seen to parallel increases in enthalpy values. For 
0-methylbenzoylcholine, the most slowly hydrolyzed ester, the 
value of AH* is 4.25 kcal./mole; for o-nitrobenzoylcholine, the 
most rapidly hydrolyzed ester, the value of AH* is 12.2 kcal./mole. 
These results are seen more clearly from the tabulation of substituent 
effects on the free energy, enthalpy, and entropy of activation given 
in Table 111. With benzoylcholine taken as the standard, the resulting 
difference in the activation parameters show that, in each case ex- 
cept for the I derivative, the -T(~RA.S*) term contributes more 
strongly to the free energy of activation than does the  RAP term. 


Over an extended temperature range of 30-60", nonlinearity was 
observed in the Arrhenius plot for the o-methyl derivative. An at- 
tempt to fit these data nonlinearly using the equation log k, = 
rc(l/T) + Mlog T )  + c produced only statistically nonsignificant 
results. As seen in Fig. 3, however, the log k2 values for o-methyl- 
benzoylcholine may be represented as two straight-line segments 
when plotted against 1/T. Such a result suggests an abrupt change in 
the mechanism or rate-limiting step for the reaction in the vicinity 
of 50". By contrast, the Arrhenius plots for the parent compound 


3.0 3.2 3.4 


Figure 2-Arrhenius plots for the alkaline hydrolysis of ortho-sub- 
stituted benzoylcholine iodides in 0.1 M aqueous NaCl at pH 9.0. 
Kinetic constants are from Table I .  


i / r  x 101. OK. -1 


ortho- 
Substituent 


Hydrogen 
Methyl 
Methoxy 
Iodo 
Bromo 
Chloro 
Fluoro 
Nitro 


0 0 0 
0.70 -5.43 6.13 
0.389 -0.691 1 . 0 8  


-0.1% -0.567 0.371 
-0.351 0.889 - 1 . 2 4  
-0.44 1 . 1 3  -1.55 
-0.60 1 . 3 1  -1.91 
-0.76 2.51 -3.27 


a Units in kcal. mole; 35OC. b 13u is the Lemer-Grunwald (10) operator 
for substituent edects (see text). 


and the ochloro derivative exhibit a strictly linear trend over the 
same temperature range. 


Iwrgonic Relationships and Rho-Sigma Dependeades-Hepler 
(16) recently showed that Eq. 3 may be derived by an exact thermo- 
dynamic analysis of the Hammett equation (Eq. s) when Am and 
AS* are temperature independent (Le., 6nACP* = 0): 


&RAG* = -2.303RTpa (Eq. 5) 


Other important relationships which resulted from his analysis 
are given by Eqs. 6-8 : 


&AH+ = 2.H)3RBipma (Eq. 6) 


~ R A S  = 2.H)3Rpma (Eq. 7) 


PT P m  (1 - bdn (Eq. 8) 


where 8, and pm are temperature-independent constants of integra- 
tion. The enthalpy and entropy of activation are derived as linear 
functions of the sigma constant; PT, the reaction constant for a linear 
free energy relationship at any given temperature, is shown to be 
inversely proportional to the absolute temperature. While these 
relationships are written in terms of a, they would also apply to 
other a constants such as a!. 


Experimentally, @, may be obtained as the slope of Eq. 3 or as 
the slope-intercept ratio from Eq. 8. Exner ( 1 1 ,  12), however, criti- 
cized the use of Eq. 3 on the basis of computational and experi- 
mental arguments. As an alternative, he proposed still another 
method of calculating pi according to Eq. 9: 


log ki = X 108 kr + b (Eq. 9) 


where kl  and k2 are rate constants at two temperatures with TI > TI. 
By this method, is obtained indirectly from the slope, A, of a 
log kl Dersus log kt plot with the aid of Eq. 10 (14): 


8i 9 T~TIX - TI)/(TIX - Td (Eq. 10) 


Nevertheless, it should be cautioned that Bi values calculated from 


3.0 3.1 3.2 3.3 3.4 
i/r x 101, OK.-' 


Figure SArrheniuj plots ooer an extended temperature range for 
the alkaline hydrolysis of benzoylcholine iodide and o-chloro- and o- 
methylbenzoylcholine iodides in 0.1 M aqueous NaCI at pH 9.0. 
Kinetic constants are from Table I .  
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Tabla IV--Estimates of pi from a Fit of Expainmtal Data for 
orrlrosubstituted Benzoykholine Iodidesa 


Equa- 
tion 


Regression Equation n r F (OK.) ber 
Bt N m -  


AH*- 258.1- 8 0.997 1131 258 11 + 16.18 
log'kl = 1~2041og 8 0.999 318 281 12 


PT = -2!W1/7') 4 0.988 84 263 13 
ki + 0.1875 
+ 0.11w 


~~~~~ 


n = number of data points used in the least-squares fit; r - correla- 
tion d c i e n t ;  and F = F-ratio. The f l  values were obtained as dig 
cussed in text. bThe PT values were obtained as the slopes of log ki 
uersus UI correlation for data at  25 30, 35. and 40" according to the 
equation 1% k r  = p u ~  + log kicda, where kr+ = second-order rate 
constants given in Table I for substituents at a given tem erature, 
k P  = calculated second-order rate constant for the methy7 deriva- 
tive, and UI = Tact's inductive constant (1-3). The regression analyses 
for data at the four temperatures produced correlation coefficients of 
0.954.0.959,0.971. and0.973. respectively. 


Eq. 10 are highly dependent upon X and may be in considerable 
error when scatter exists in the log kl uersus log 4 profiles. 


OrthoSubstituted Benzoylcholine Iodides-By using the rate 
constants and activation parameters obtained for the hydrolysis 
of ortho-substituted benzoylcholine iodides, Eqs. 3 and 9 were 
plotted in Figs. 4 and 5, respectively. The Lef€lu-Grunwald and 
Exner methods are observed to produce similar values for the 
isergonk temperature, i.e., Bi = 258°K. (Fig. 4) and /3i = 281 OK. 
(Fig. 5). The dotted line in Fig. 4 is a transformation of the solid 
line from the finer plot. There is an obvious close visual corre- 
spondence in the slopes for the two lines, but there is a slight vertical 
displacement because of the use of an average temperature value in 
the transformation equation converting rate constants to activation 
parameters'. The third estimate of @i = 263 "K. derived from Eq. 8 


I - - - - - - - -  
-40 -40 -32 -24 -16 


AS=, cal. deg.-l 


Figure Glsergonic relationship for the alkaline hydrolysis of ortho- 
substituted benzoylchdine iodides in 0.1 M aqueous NaCl at pH 9.0. 
Actiwtion parameters are from Table I I .  Doited line is a transforma- 
tion of the solidline from Fig. 5. 


'The rate data of Fig. 5 are converted into the activation data of 
Fig. 4 using the equations (17): AH* = [2.303ftTifi/(T1 - Ti)]Oog ki - log kr) - R(T).,. and A S  = [2.303RTi/(T? - Ta)J[lo ki - (?':/Ti) 
log kt] - 2.303R l~g[ek(T).~~/h]. When thesolid lie!n fig. 5 is drawn 
onto an E oersus log A plot the resulting lines coincide almost exactly 
since then a transformation involvin only discrete T values is involved. 
The conversion of rate data to Arrfenius parameters is accom lished 
with the following expressions (11): E = [2.303ftTiTi/(Ti - Fd](lsg 
kl - log kz) and log A = [Ti/(Ti - Tt)][log k~ - (Ti/TI)log kil. 


1.0 


0.8 ' 


0.6 m 


0 
.* 


0 0.4 b s 


0.2 ' 


I -  - - - - - - - 
-0.2 0.0 0.2 0.4 0.6 


Figure 5-Relationship between the logarithms of the second-order 
rate constants at 30 and 40" for the alkaline hydrolysis of ortho- 
substituted benzoylcholine iodides in 0.1 M aqueous NaCI at p H  9.0. 
Kinetic constants are from Table I .  


LOG kw 


is intermediate to the values of 258 and 281 OK., resulting in an 
average for the three of /3i = 267°K. Correlations (Eqs. 11-13) 
for the fit of the experimental data to the theoretical equations 
are given in Table IV. 


The relationships of the activation parameters for the benzoyl- 
choline series to UI  are given by Eqs. 14-16 in Table V. Each param 
eter is excellently correlated by 01. These results, together with 
those for Eqs. 11 and 13, indicate that the present congeneric series 
fits the "well-behaved" category of rho-sigma correlations (10). 


TpMe V-Correlations of Activation Parameters for Acetic Acid 
and Benzoykholine S e r i e s a ~ b  


q u a -  
bon 


Num- 
n r  S F b e r  


ortlro-Substituted Benzoylchdine Iodidesc 
Am = -2.312~1 +0.2626 7 0.971 0.137 84 14 
AH* - 11.43~1 + 4.641 7 0.981 0.543 131 15 
& - 44.6our - 44.77 7 0.991 1.440 285 16 


a-Substituted Acetic Acidsd 
AH" = 9.504A.S" - 0.9597 14 0.063 0.610 0.05 17 
AHo = 0.718g1 - 06207 14 0.308 0.582 1.25 18 
AGO = -5 1&r + 6.441 14 0.965 0.366 162 19 
AH& = -4 88941 + 6.004 14 0.966 0.342 168 20 
AS" = 14.89~1 - 23.66 14 0.960 1.137 141 21 


EnthaIw and Entropy Comparisons between Series. 
AH,"., = -0.4184AH* 6 0.985 0.208 130 22 + 8.013 
AS" = 0.246A.F - 12.07 6 0.987 0.434 152 23 


~ 


n = number of data points used in the least-squares fit; r = correla- 
tion coefficient; s = standard error of estimate; F = F-ratio (F = 106 
at the 0.0005 level for 1.4 d rees of freedom, and F =063.6 at the same 
level for 1.5 degrees of f r a o m ) .  b The superscripts, and *, refer to 
acetic acid and benzoylcholine series, respectively. c Fluoro. chloro. 
bromo. iodo, methyl, methoxy, and nitro (hydrogen consistently pro- 
duced lower correlations and was not included in these analyses) (5); 
35'. Fluoro, chloro, bromo. iodo, methoxy. ethyl, propyl, isopropyl, 
butyl. isobutyl, cyano. carboxymethyl, and. hydrogen (data for nitro 
were not avallable for analysis). The ex erimental data for methox - 
acetic acid at 25" were taken from E. J: d n g .  1. Amer. Chem. Soc.. Si. 
3575(1960). All other values for acetic acids (25") were taken from 
Reference IS. The H& values were calculated from the relation: AH.",. - 280 A&,. ' Fluoro, chloro, bromo, iodo. methyl, and methoxy. 
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asubstlMcd Acetic Acids-An analysis of the thermodynamic 
constants of a-substituted acetic acids is presented in Table V by 
Eqs. 17-21. Analogous to the benzoylcholine series, AGO and AS” 
for the acetic acid series both correlate independently with UI. 
The AH” versus ASo relationship, however, is highly scattered 
( r  = 0.063, n = 14), and AH’ is not a linear function of UI. Further- 
more, ~ R A C , ~  # 0 for these reactions (19, and it may be shown 
under such conditions that 0, is no longer a constant but is tem- 
perature dependent (16). While the observed enthalpy changes for 
acetic acid ionizations are not well behaved. AGO values for the 
series still approximate a linear free energy model for U I  because of 
the compensatory effect inherent in Eq. 4. 


An explanation of the compensatory effect was offered by Hepler 
(13, 16) based upon an extrathermodynamic model for substituent 
and solvent effects. Accordingly, the observed free energy changes 
may be written as a sum of two interaction energies: 


(Eq. 24) 


where“int” signifies the internal or intrinsic effect of the substituent 
on the reaction center, and “env” refers to the environmental effect 
due to the interaction between solvent and substituent. In a similar 
manner, the observed enthalpy and entropy may be expressed ac- 
cording to Eqs. 25 and 26, respectively: 


~RAH,~. = ~RAH:~ 4- 61tAHk 0%. 25) 


6 R h s . ” b .  = 6 R f l m t  + 6RASt.v (Eq. 26) 


From evidence which suggests that substituent effects on AS:, are 
negligible (Le., ~RASY., = 0) and that the solvation enthalpy and 
entropy are isergonically related (i.e., ~ R A H ~ .  = Eq. 27 
may be written : 


(Eq. m 
where 8. is now a parameter related to solvent and is not necessarily 
identical to j9,. Finally, upon combining the appropriate equations, 
the free energy is expressed in terms of Eq. 28: 


61tAc.L = ~RAH& + (8. - T)~RAS:~ (Eq. 28) 


Since it is observed that 8. 2r T for many reactions conducted in 
aqueous solution, Eq. 28 reduces further to an expression (Eq. 29) 
that underlies the general success of the Hammett equation: 


 RAG:^. =  RAG^., +   RAG^, 


~ R A H L  = &AH:, + B S ~ f l h  


aRAGtb. * ~RAH:, = -2.303RTpu (Eq. 29) 


The result of Eq. 20 (Table V) shows that a correlation between UI 
and the calculated bRAH:, values for acetic acid ionizations does 
indeed produce the linear fit predicted by Eq. 29. Thus, experi- 
mental measures of the free energy clearly contain contributions 
from intrinsic substituent effects but the effects from sol- 
vent-substituent interactions are apparently not seen because of 
compensatory phenomenon (i.e., % 0). A set of equations 
M ~ O ~ O U S  to Eqs. 24-29 may also be written for kinetic reactions in 
aqueous solution. 


Mechanietic Inferences-In drawing mechanistic inferences from 
the results for the benzoylcholine series, it is important to dis- 
tinguish between the meaning of the rho-sigma correlations and 
the linear Am - AS* profiles. From the Hammett propositions 
(17), it is understood that linear rho-sigma correlations based 
on AG* reflect solely internal potential energy changes of substit- 
uents. Mechanistic contributions from such analyses would then 
be limited normally to those for inductive and/or resonance effects 
exclusive of solvent effects. For the p r w n t  series, therefore, Eq. 14 
reflects the high dependency of AG* on the inductive effect of the 
substituents. Furthermore, the negative slope for the relationship 
indicates that hydrolysis rates increase as the electron-withdrawing 
power of the substituents increases. An increasingly positive char- 
acter of the carbonyl carbon facilitates attack by hydroxide ion. 
It is not necessary to invoke a description that bases the ortho effect 
on resonance or steric interactions. 


Information from the A H f  - AS* profile can be interpreted in 
light of the Hepler analysis. The value of j9, for the orrho-substituted 
esters approXimates that of j9. for solvation processes in general; 
thus it is likely that the results of Fig. 4 are highly dependent upon 
solvent-substituent interactions. Such a linear profile need not re- 
flect the existence of only a single-interaction mechanism. Leffler 


and Grunwald (10) indicated that linear A P  - fl profiles 
are also obtained for multiple-interaction mechanisms when the 
j9 values for the interactions are identical or nearly so. In these 
cases, the regression lines for the different mechanisms cannot be 
separated, and they are superimposed upon one another on the 
isergonic plot. For the present series, it is likely that 6 ,  and 6 ,  are 
nearly identical since both A H f  and AS* have been shown to cor- 
relateindependently with U I  (Eqs. 15 and 16, respectively). The A P  
is interpreted to include both internal potential energy and solva- 
tion enthalpies, while AS* should reflect solely the solvation en- 
tropy involved. A similar consistency between j9 values is not ob- 
tained for the acetic acid series. The correlation between AH,’, 
and AS’ values produces an isergonic temperature of -465.8’K. 
when 8. = 280°K. A further comparison between the two series 
for a limited number of congeners shows a surprisingly close cor- 
relation between their respective enthalpy and entropy values as 
indicated by Eqs. 22 and 23. 


While the solvation entropy does not contribute to the observed 
free energy changes or the ordering of the substituents within the 
benzoylcholine series, the AS* values given in Table I1 can be 
utilized to gain further insight into the solvation mechanism. An 
unexpected trend is observed to exist between entropy and the 
charge on the substituent. Since it has been shown that U I  is an 
increasing linear function of substituent charge (18), it would be 
expected that the most highly charged substituent would be the 
most strongly solvated, producing the greatest decrease in entropy. 
This is clearly not the case for the present series; the most highly 
charged substituent, nitro, exhibits the greatest entropic freedom 
(Le., the most positive entropy value); the least highly charged sub- 
stituent, methyl, displays the greatest entropy requirement (k., 
the most negative entropy value). The apparent inconsistency is 
explained potentially by considering the positive charge on the 
choline moiety. Thus, the close proximity of a diffuse positively 
charged electron cloud, such as that of a quaternary nitrogen (19), 
could be expected to neutralize partially the substituent charge 
and lead to an alteration of expected solvent effects. In such a case, 
the conformation of the benzoylcholine molecule would be a critical 
factor in altering the substituent-solvent interactions. From con- 
formational analysis studies (l9), there is evidence for acetylcholine, 
suggesting that minimum energy conformations do exist which 
would bring the quaternary nitrogen and the a-carbon of the acyl 
group into reasonably close proximity. A similar analysis will be 
necessary for the benzoylcholine molecule to verify this hypothesis. 
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GLC Determination of Meperidine in Blood Plasma 


T. J. COEHL' and C. DAVISON 


Absbact 0 A GJX technique utilizing a flame-ionization detector 
is described for the analysis of meperidine in blood plasma. The 
meperidine is extracted with benzene from plasma that has been 
made basic with sodium carbonate. A linear calibration curve is 
found in the range 0.1-1.25 mcg./ml., with the precision of the 
assay estimated to be =t9.9% (RSD). The method has been used 
in the determination of the half-life of meperidine in dog plasma. 


Keypbrnses Meperidine-GLC-flame-ionization analysis in dog 
plasma, determination of half-life 0 Plasma levels, meperidine- 
determination of half-life in dogs, GLC-flame ionization 0 GLC- 
flame-ionization detection-analysis, meperidine in dog plasma, 
determination of half-life 


Until recently, the colorimetric technique of Burns 
et al. (l), with a sensitivity of 0.3 mcg./ml., was the best 
method available for analysis of meperidinel. This 
method, which depends upon the formation of a 
methyl orange-base complex, is applicable for most 
amines. Thus, its adaptation for analysis of meperidine 
raises the question of specificity. Beckett et al. (2) 
showed that, even with modifications such as buffer 
washes, nicotine interferes with the assay. This should 
be true of many other bases as well. Dal Cortivo et al. 
(3) developed a fluorometric assay for meperidine, but 
a lower limit again of only 0.3 mcg./ml. was established. 
Jenkins et al. (4) used a GLC method for the estimation 
of meperidine in a study of its placental transfer in 
pregnant ewes. A sensitivity of 0.025 mcg./ml. was 
reported; however, in our hands this sensitivity was 
not obtainable. Moreover, there is a limitation of only 
two analyses per hour and a relatively large volume of 
plasma is needed (3-4 ml.). 


Although other papers have been published con- 
cerning GLC techniques, either complete details of 
the methodology were not reported ( 5 )  or no attempt 
was made to adapt the method for the analysis of 
biological fluids (6-1 1). Other approaches used for the 
determination of meperidine in biological fluids include 
another colorimetric approach utilizing bromthymol 
blue (12, 13), a UV absorption spectrophotometric tech- 
nique (14), and two methods using column chroma- 
tography, to separate meperidine from contaminating 


Demerol, Sterling-Winthrop Research Institute. 


material, coupled with either paper chromatography (IS) 
or colorimetry (16) for quantitation. Most of the thera- 
peutic serum concentrations have been estimated using 
the method of Burns et al. (1) with widely varying 
values (I ,  17-21). Consequently, a method having 
greater sensitivity and greater specificity was desired. 
A GLC method was developed which has a sensitivity 
slightly better than 0.1 mcg./ml. and the required 
specificity. 


EXPERIMENTAL 
Apperntw-A gas chromatograph' equipped with a flame- 


ionization detector was used with gas ffows of 45, 60, and 600 d./ 
min. for nitrogen, hydrogen, and air, respectively. A column oven 
temperature of 180" was used; injection port and detector tempera- 
tures were maintained at 220 and 210", respectively. 


Cdumn-A 2-mm. i.d. X 180cm. glass U tube column was 
packed with 3% OV-17 on 100-120-mesh Gas-Chrom Q'. Before 
it was packed, the empty glass column was thoroughly rinsed with 
methanol and acetone, dried, and conditioned 1 hr. with a 5 %  
solution of dimethyldichlorosilanea in toluene to  silylate reactive 
sites. Thecolumn was again rinsed with acetone and dried. 


Analytical Procedure-Two milliliters of blood plasma' was 
transferred to a %ml. glass-stoppered centrifuge tube made basic 
with 1.5 ml. 10% sodium carbonate and extracted with 15 ml. 
analytical reagent grade benzene by shaking for 2 min. The tubes 
were centrifuged for 3 min., and 12.5 rnl. of the benzene phase was 
then transferred to a screw-top test tube. One drop of methanolic 
1 N HCI (prepared from 12 N HCl) was added to the benzene phase. 
The benzene was evaporated at no more than 40" under a flow of 
nitrogen. The residue was taken up in 30 rl. of analytical reagent 
grade dimethylformamide and 20 pl. of hexamethyldisilazanea, 
taking care to  rinse the sides of the tube well. GLC determinations 
were made by injecting 4 pl. of the dimethylformamide solution 
onto the column with a 1-pl. solvent wash. Quantitation was ac- 
complished by the measurement of peak heights. 


Standards for a calibration curve were prepared by adding 
aliquots of an aqueous solution of meperidine hydrochloride to 
5o-d. glass-stoppered centrifuge tubes containing 2 d. of blood 
plasma6 to give final plasma concentrations of 0.1-1.25 m~g./ml. 
The tubes were shaken to ensure mixing and then analyzed as 
mentioned. To determine percent recoveries, it was necessary to  
compare the calibration curve data with a detector response curve. 
This was obtained by taking aliquots of an aqueous solution of 
meperidine hydrochloride to give standards of 0.2-2.5 m ~ g .  The 
aliquots were evaporated to  dryness and taken up in 30 d. of di- 
methylformamide and 20 pl. hexamethyldisilazane, and 4-4. 
samples were injected onto the column. 


Packard model 7301. 
8 Applied Science Laboratories, State Colleg Pa. 
4 Citrate and fluoride have been used succes%llly as anticoagulants. 
* Red Cross citrated plasma. 
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Absorption, Distribution, and Metabolic Fate of Seclazone 
[ 7-Chloro-3,3a-dihydro-2H,9H-isoxau>lo (3,2- b) (1,3) benzoxazin-9-one] 


JEROME EDELSON', J. F. DOUGLAS, and B. J. LUDWIG 


Abstract 0 The absorption. distribution, and metabolic fate of 
seclazone was studied in the rat, dog, and rhesus monkey. Seclazone 
is readily absorbed by all species. The half-life of blood radioactivity 
following oral administration of seclazone-9J4C was 10.8.5, and 6 
hr. in the rat, beagle hound, and rhesus monkey, respectively. Studies 
in the rat, using seclazone-9J4C, indicated that about one-half of 
the radioactivity was excreted in the urine within 20 hr. Significant 
amounts of 14C were also found in the carcass, liver, and GI tract. 
Only trace amounts of unchanged drug were voided. Seclazone 
undergoes metabolic cleavage of the oxazine ring, yielding S-chloro- 
salicylic acid which is excreted in the free form and as conjugates 
with glucuronic acid and glycine. Similar studies using seclazone- 
2-I4C showed that the carbon chain of the isoxamline ring is cleaved 
t o  malonic acid and carbon dioxide. 


Keyphrsses 0 Seclazone, radiolabeled-absorption, distribution, 
metabolism in rats, dogs, rhesus monkeys 0 7-Chloro-3,3a-di- 
hydro-2H,9H-isoxazolo(3,2-b)(l,3)benzoxazin-9-one, radiolabeled 
-absorption, distribution, metabolism in rats, dogs, rhesus mon- 
keys 0 5-Chlorosalicylic acid-major metabolite of seclazone 


Seclazonel [7-chloro-3,3a-dihydro-2H,9H-isoxazolo- 
(3,2-b)(1,3)benzoxazin-9-one] is a new compound which 
possesses uricosuric and anti-inflammatory activity in 
animals and man (1,2). This report describes studies on 
the absorption, distribution, and metabolic fate of 
seclazone in the rat, dog, and rhesus monkey. 


EXPERIMENTAL 


Preparatlon of 7-ChIoro-3,3a-dihydro-2~~~-1~~~3~~Ml,3)- 
benzo~azin-9-0ne-9-~~C (Seelszwe-P14C)-A mixture of 1.0 g. 
(3.0 mc.) of S-chlorosalicylic acid-carboxyl-W, 2.0 ml. of methanol, 
and 0.25 ml. of concentrated sulfuric acid was stirred in a centrifuge 
tube fitted with a condenser and heated in an oil bath at 70" for 18 
hr. Ice water was added to the reaction mixture, and the solid which 
formed was sedimented by centrifugation. This solid was sequen- 
tially washed with cold water, cold saturated sodium bicarbonate 
solution, and cold water. Ten milliliters of an aqueous solution 
containing 750 mg. hydroxylamine hydrochloride and 865 mg. 
sodium hydroxide was added, and the mixture was stirred at room 
temperature until solution occurred (about 2 hr.). The resulting 
hydroxamic acid was precipitated by the addition of 10 ml. of 12 M 
hydrochloric acid. The solid obtained by centripugation was washed 
with cold water and dried in vacuo over phosphorus pentoxide. 


A solution containing 540 mg. anhydrous hydrogen chloride 
dissolved in 5 ml. of glacial acetic acid was added to the dried 
hydroxamic acid in the reaction tube, followed by the addition of 
0.45 ml. of freshly distilled acrolein. This reaction mixture was stirred 
for 3 hr. in an oil bath at SO". Ice water was added and the solid 
which formed was separated by centrifugation, washed with cold 
water, and dried in vacuo. The solid in the centrifuge tube was 
reacted with 10 ml. of cold 1 Msodium hydroxide, and the mixture 
was agitated in ice for 30 min. The product was sedimented by 
centrifugation and sequentially washed with cold water, cold 5% 
(w/v) sodium bicarbonate solution, and cold water. The dried 
residue yielded 600 mg. of seclazone-9-W, m.p. 149-150", specific 
activity 4.61 X 108 d.p.m./mg. 


This product gave a single radioactive zone by TLC in chloro- 


1 Seclazone previously has been referred to in the literature as W- 
2334. 


form-methanol (97:3), and its IR spectrum was identical to that of 
authentic s e c b n e .  


(1,3)-hzoxPzin-9-0ne-2-~~C (sedazolle-z14C)-A solution of 540 
mg. of anhydrous hydrogen chloride in 5 ml. of glacial acetic acid 
was placed in a centrifuge tube, and 1.05 g. of Schlorosalicylohy- 
droxamic acid was added. A solution of 829 mg. (3.0 mc.) of the 
diethyl acetal of 3chloropropionaldehyde-3-W in 5 ml. of benzene 
was transferred to the centrifuge tube. The reaction mixture was 
vigorously stirred in a water bath at 54" for 2.5 hr. and allowed to 
stand overnight at room temperature. The benzene was removed 
in m u o ,  and a solid was precipitated by the addition of ice water. 
After centrifugation, the solid pellet was washed with cold water, 
dried, and suspended in 20 ml. of cold 1 M ammonia, and the sus- 
pension w p  stirred for 1.5 hr. in an ice water bath. The product, 
seclazone-2-~4C, was sedimented by centrifugation in the cold. 
washed with water, and dried. The yield was 250 mg. of seclame-2- 
14C, m.p. 145-146",specificactivity 5.25 X 106d.p.m./mg. 


The product was homogeneous as determined by TLC in two 
different solvent systems. 


Preptuatlon of 5-Chlorosalicyluric Add-A mixture of 69 g. of 
Schlorosalicylic acid, 100 g. of thionyl chloride, 4 ml. of N,Ndi- 
methylformamide, and 400 rnl. of benzene was warmed to  50" for 
1.5 hr. and then heated to 80" for an additional 1.5 hr. The solvent 
was removed in wcuo, and the residue was added t o  a solution 
of 30 g. of glycine and 18 g. of sodium hydroxide in 100 rnl. of 
water. Additional sodium hydroxide was added to  maintain al- 
kaline conditions, pH 9-10. After stirring the mixture overnight, the 
oily residue was removed and discarded. The supernatant solution 
was acidified with concentrated hydrochloric acid, which precipi- 
tated the S-chlorosalicyluric acid. The purified compound was ob 
tained by recrystallization from ethyl acetate-hexane. The yield 
was 7.5 g., m.p. 203-204". 


A n a l . 4 c .  for COHKINOI: C. 47.02; H, 3.52; N, 6.13. 
Found: C, 47.12; H, 3.55; N, 6.10. 


Abswptloll and Blood ConcentrationSix male Sprague-Dawley 
rats, weighing between 150 and 200 g., each received by stomach 
tube a solution of 4.08 mg. of s e c b n e - % l C  dissolved in 0.5 ml. 
of polyethylene glycol 400. Blood samples were taken from the tail 
vein at appropriate intervals and were assayed for radioactivity by 
liquid scintillation counting as previously described (3). 


A female rhesus monkey, weighing 3.9 kg., was given a capsule 
orally containing 105.6 mg. of seclazone-9-W. Blood samples 
taken from the jugular vein at suitable intervals were assayed for 
radioactivity. 


Table I-Blood Radioactivity after Oral Administration of 
Seclazone-9J4C to Six Rats 


PrepEr~Itl~ of 7-Chloro3,3n-dihydro-zH,gH-lsoxazdo(3J-b 


~~~ ~ ~~ ~ 


Time after Mean Radioactivity', 


0.25 3.88 f 0.30 
0.50 6.09 & 0.55 


Administration, hr. d.p.m./ml. X 10' 


1 .o 
1 .5  
2.0 
3 .O 
4.0 
5.0 


7.51 f 0.71 iii7 % 0.3i  
7.60 f 0.50 
7.63 f 0.48 
6.67 f 0.47 
6.00 f 0.44 


6.0 5.85 & 0.39 
7.0 


24.0 
26.0 
28.0 
30.0 
48.0 


5.i2 0.40 
1.51 f 0.14 
1.41 f 0.15 
1.38 * 0.16 
1.18 f 0.19 
0.30 f 0.05 


~~ 


0 Values are given with their standard error. 
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Figure 1-Blood mdioactiulty after om1 administration of seclarone- 
9-IT to three species. Dose: rat, 1.07 X I(Pd.p.m.lkg., 23.4 mg.lkg.: 
monkey, 3.54 X I01 d.p.m.lkg., 27.1 mg.lkg.; and dog, 1.95 X I01 
d.p.m.lkg., 42.8 mg.lkg. 


A male beagle hound, weighing 12 kg., was given a capsule con- 
taining 515.4 mg. of seclazone-9-1cC. At appropriate time periods, 
blood samples were taken from the vein in the toe nail and their 
plasma radioactivity was measured. 


Tissw DisMbution in the Rat-A male Sprague-Dawley rat, 
weighing about 200 g., received by stomach tube 1.7 mg. of secla- 
zone-9-1.C dissolved in 1.0 ml. of polyethylene glycol 400. The 
animal was placed in a metabolism chamber for 20 hr. and then 
sacrificed. The excreta, soft tissue organs, and the remainder of the 
carcass were assayed for radioactivity as previously reported (3). 


A second rat, weighing about 200 g., received orally a solution 
containing 2.35 mg. of seclazone-2-W in 1.0 ml. of polyethylene 
glycol 400. After 24 hr., the animal was sacrificed and its tissues 
were processed and analyzed for radioactivity. The carbon dioxide 
of respired air was trapped in 2.5 M sodium hydroxide, and the 
radioactivity of an aliquot of this solution was measured. 


Isolation of Metabolites-Pooled 24-hr. dog urine (1300 ml.) 
from three male beagles, who had each been given 50 mg./kg. of 
nonradioactive seclazone by capsule, was continuously extracted 
with carbon tetrachloride for 18 hr. The organic phase was sepa- 
rated, washed with 50 ml. of water, dried over sodium sulfate, and 


evaporated to  dryness in wcuo. The residue was crystallized from 
ethyl acetate, map. 149-150". This solid was identifiedasseclazone. 


The urine remaining from the initial extraction was acidified to 
p H  1 with concentrated hydrochloric acid and continuously ex- 
tracted with carbon tetrachloride for an additional 18 hr. The 
organic phase was separated, washed with 50 ml. of acidified water, 
dried over sodium sulfate, and evaporated to dryness in uacuo. The 
resulting solid, recrystallized from methanol and then from chloro- 
form, was identified as 5chlorosalicylic acid, m.p. 171-172". 


Inverse Isotope Dilutions-Inverse isotope dilution experiments 
were carried out on the urine of animals that had received labeled 
seclazone. A typical procedure is described below: 


1. A male Sprague-Dawley rat, weighing about 200 g., received by 
stomach tube 1.7 mg. of seclazone-9-I(C dissolved in 1.0 ml. of 
polyethylene glycol 400. Urine was collected for 24 hr. and its radio- 
activity was measured. Isotope dilutions were carried out on sepa- 
rate aliquots of urine as follows: 


(a) Nonradioactive Schlorosalicylic acid (lo00 mg.) was added 
to the first 1.0-ml. aliquot, followed by sufficient methanol to give 
a clear solution. Upon the addition of water, 5chlorosalicylic acid 
precipitated. The solid was removed and repeatedly recrystallized 
from methanol-water to constant specific activity, m.p. 174-176". 


(6) Nonradioactive 5chlorosalicyluric acid (lo00 mg.) was 
added to a second 1.0-ml. aliquot of urine, and the mixture was 
diluted with water and heated until homogeneous. Upon cooling. 
crystalline Schlorosalicyluric acid separated and was removed by 
filtration. It was recrystallized from ethyl acetate-hexane to con- 
stant specific activity, m.p. 202-204'. 


(c)  Nonradioactive seckmne was added to another aliquot of 
urine. Sodium carbonate solution was added to adjust the pH to 
9-10, and the mixture was extracted three times with 10 volumes 
of chloroform. The chloroform phase was evaporated to dryness. 
The residue, consisting of crude seclazone, was recrystallized from 
ethyl acetate to constant specific activity, m.p. 149-150". 
(d) The metabolites occurring in the urine in a combined form 


were quantitated following conversion to the free form by hy- 
drolysis. An aliquot of urine was treated with an equal volume 
of concentrated hydrochloric acid, and the mixture was heated on 
a steam bath for 10 min. Nonradioactive carrier was then added, 
and the inverse isotope dilution was carried out as described for 
the free metabolites. Conjugated urinary end-products were 
calculated by difference. 


Similar studies were performed on the urine of a dog and 
monkey that had received 515 and 106 mg. of ~ec lazone9-~~C,  
respectively. 
2. A male Sprague-Dawley rat, weighing about 200 g., received by 


stomach tube 2.35 mg. of ~eclazone-2-~'C dissolved in 1.0 ml. of 
polyethylene glycol 400. Urine was collected for 24 hr. and assayed 
for radioactivity. 


(a) Nonradioactive malonic acid (lo00 mg.) was added to a 
3 . 0 4 .  aliquot of urine, and the mixture was warmed gently until 
a clear solution was obtained. A few drops of concentrated 
hydrochloric acid were added, and the mixture was extracted 
twice with 15 ml. of ethyl acetate. The organic phase was dried 


Table Il-Tissue Distribution of I4C in the Rat after Oral 
Administration of Seclazone 


Radioactivity Recovered, 
-Percent of Dose- 
klazone-  Seclazone- 


Specimen 9-i'c" 2-1'0 
~~~ ~~ ~ 


Urine 
carcass 
Liver 
GI tract, including feces 
Kidney 
Lung 
Heart 
Spleen 
Carbon dioxide 


Recovery 


52.1 
34.6 
4.9 
3.4 
0 .8  
0 . 6  
0.3 
0.1 
0.0 


96.8 


58.9 
5.98 
1.24 
4.52 
0.21 
0.07 
0.04 
0.03 


27.2 
98.2 


a Animal sacrificed 20 h'. after .drug administration. b Animal sacri- 
ficed 24 hr. after drug administration. 
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Table 111-TLC. Rf Values of Urinary 
End-Products of Seclazone 


TsMe W+uantitation of Seclamne-9-142 Urinary 
End-Products in the Rat, Dog, and Monkey 


R- 


Compound System Ab System Be 
Solvent Solvent 


Seclazone 0.60 0.68 
5-Chlorosalicylic acid 0.47 0.47 
5-Chlorosalicyluric acid 0.35 0.16 
5-Chlorosalicylic acid - 0.06 


glucosyluromde 


0 Silica gel. b Benzene-rnethanol~lacial acetic acid (180:32:16). 
c n-Butanol saturated with 2 N ammonia. 


over anhydrous sodium sulfate, and hexane was added to the 
ethyl acetate solution to precipitate malonic acid. The solid was 
separated and recrystallized from ethyl acetate-hexane to con- 
stant specific activity, m.p. 133-134". 
(6) Nonradioactive succinic acid (lo00 mg.) was added to a 


2.0-ml. aliquot of urine, and the mixture was diluted with a few 
milliliters of water and heated until homogeneous. After con- 
centrated hydrochloric acid was added to adjust the pH to 1-2, the 
solution was cooled and allowed to stand. The crystals of succinic 
acid which separated were removed by filtration and recrystallized 
from ethyl acetatehexane to constant specific activity, m.p. 185- 
186'. 


RESULTS AND DISCUSSION 


Absorption and Blood Concentration-Plasma radioactivity was 
observed within 1 hr. following oral administration of 9-labeled 
secleuwre to the rat. dog, or rhesus monkey, indicating that the drug 
was readily absorbed in each of these three. species. The elimination 
of I4C from the bloodstream appeared to follow first-order kinetics. 
The half-lives of radioactivity in the blood of the rat, beagle hound, 
and rhesus monkey were approximately 10, 8.5, and 6 hr., respec- 
tively (Fig. 1). The means plus the standard errors obtained for six 
rats are given in Table I. 


Tissue Distribution in the Rat-A distribution study of radio- 
activity following oral administration of seclazone-9-W showed 
that the W was principally excreted in the urine within 20 hr. 
Significant amounts of W were also found in the carcass, liver, and 
GI tract at that time (Table 11). 


A similar study with seclamne-2-W showed that radioactivity 
from the 2-carbon atom was also largely eliminated in the urine, 
since almost 60% of the radioactivity of the administered dose was 
voided in the urine within 24 hr. Moreover, over onafourth of the 
14C was exhaled as respiratory carbon dioxide, indicating that the 
carbon chain of the isoxazoline ring was cleaved and oxidized in 
the body. The distribution of the residual radioactivity is shown in 
Table I. 


Additional experiments with rats showed that these animals 
excreted similar levels of radioactivity during the 24-hr. period after 
drug administration. The 14C voided, as percent of dose, for two 


0 


~ 


-! --of Urinary R&oactivity- 
-Rat- Mon- 


Urinary End-Product 1 2 Dog key 


Xhlorosalicylic acid 


5-Chlorosalicyluric acid 


Seclazone 


Free 70.5 63.2 75.4 66.0 
Bound' 25.7 25.6 22.3 21.2 


Free 1.3 0.2 0.3 6 .0  
Boundb n.d.c n.d. 0.4 0 . 6  


Free n.d. 0.97 0.6 0.03 
Bound' n.d. n.d. n.d. n.d. 


Totalradioactivityrecovered 97.5 90.0 99.0 93.8 


0 Values obtained b inverse isoto e dilution. Animals received the 
following oral doses ofYdru : rat 1. 1,frng.; rat 2, 55 mg.; dog, 515 mg.; 
and monkey, .lo6 rng. b Vafues obtained by difference, before and after 
acid hydrolyns. c None detected. 


animals given se~lazona9-~42 was 52.0 and 62.1 %, while the urinary 
content of two rats given 2-labeled drug was 52.0 and 53.397. 


Identiflcatlon, Isolation, and Quantitation of Urinary End-Prod- 
ucts-Four radioactive substances were detected by TLC in the 
urine of animals that had received sech~one-9-~42. Three of these 
compounds were identified by isolation and/or isotope dilution as 
seclazone, Schlorosalicylic acid, and Schlorosalicyluric acid. In 
addition, evidence was obtained indicating that Schlorosalicylic 
acid was also present in the urine in the form of a glucuronide 
conjugate. The R i s  of these compounds in two different solvent 
systems are shown in Table 111. 


Unchanged seclazone and S-chlorosalicylic acid, isolated from 
the urine of three beagle hounds, were identified by their TLC 
properties, melting points, and IR spectra. 


Quantitation of the various metabolites of se~lazone-9-*~C occur- 
ring in the urine of the three animal species is summarized in Table 
IV. 


The major urinary end-product in the three species examined- 
rat, dog. and monkey-is Schlorosalicylic acid, resulting from 
hydrolysis of the ingested compound. Seclazone is almost com- 
pletely broken down in the animal body since only insignificant 
amounts of unchanged drug were excreted in the urine. Essentially all 
of the urinary radioactivity could be accounted for as S-chloro- 
salicylic acid, either free. or in the form of its conjugates with glycine 
and glucuronic acid. 


In a single experiment on radioactive dog urine, evidence was 
obtained which indicated that the "bound" S-chlorosalicylic acid 
occurs chiefly as the glucuronide. In this study the glucuronides were 
separated using the basic lead salt method of Kamil et ul. (4). These 
were found to contain the same amount of radioactivity as that 
present in the bound Schlorosalicylic acid (approximately 2Oz of 
the urinary LC). The glucuronide was hydrolyzed by hydrochloric 
acid and 8-glucuronidase to yield S-chlorosalicyfic acid, but it was 


9 H  
0 
I I "mru -+ c ' ~ ~ ~ o H  + CH, I + CO, 


I 
seclazone 5-chloroealicylic acid w 


0 J I 0 


glucuronic acid 


- OH 
5-chlorosalicyluric acid 5-chlorosalicylic acid glucuronide 


Scheme I-Metabdlc fate of seclazone 
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not hydrolyzable by aryl sulfatase. The identity of the hydrolysis 
product was confirmed by inverse isotope dilution and TLC. The 
nature of the glucuronide bonding has not been determined. 


Inverse isotope dilutions on the urine of three rats that had r e  
ceived seclamne-2-14C indicated the presence of malonic acid in an 
amount that accounted for 2-14% of the urinary radioactivity. In 
addition, succinic acid, a known metabolite of malonic acid, was 
present and represented 1-3% of the urinary radioactivity. The 
presence of these two compounds suggests that the carbon dioxide- 
1 C  present in respired air (Table 1) originates either from the direct 
decarboxylation of malonic acid or from succinic acid through the 
tricarboxylic acid cycle. In any event, the radioactive carbon dioxide 
arises through metabolic cleavage of the isoxamline ring of secla- 
zone. 


The metabolic fate of s e c b n e  is summarized in Scheme I. 


SUMMARY 
Sechzone-9-W is readily absorbed after oral administration to 


the rat, beagle hound, and rhesus monkey. The half-lives of blood 
radioactivity in the three species were found to be 10,8.5, and 6 hr., 
respectively. In the rat, about half of the I4C given orally was ex- 
creted in the urine within 24 hr. Significant amounts of radioactivity 
were also found in the carcass, liver, and GI tract. Seclazone is 
almost completely metabolized to Schlorosalicylic acid in each of 
these three species. The latter compound was excreted either un- 
combined or conjugated with glucuronic acid or glycine. Studies 


with seclazone-2-'4C suggested that carbons 2, 3. and 3A of secla- 
zone are metabolized to malonic acid. 
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Displacement of Sulfonylureas from Human Serum Proteins by 
Coumarin Derivatives and Cortical Steroids 


JOSEPH JUDIS 


Abshact 0 Several coumarin derivatives (ethyl biscoumacetate, 
phenprocoumon, anisindione, acenocoumarol, and diphenadione) 
were examined for their abilities to displace sulfonylureas (aceto- 
hexamide, chlorpropamide, and tolbutamide) from human serum 
albumin, utilizing equilibrium dialysis for the estimation of pro- 
tein binding. All of the coumarin compounds caused reduction in 
binding of the sulfonylureas, although there was no clearcut pattern 
with variation of pH. At lower pH values, ethyl biscoumacetate 
caused the greatest reduction in binding of sulfonylureas; but a t  
pH 8.4, diphenadione was the most potent displacing agent. Ace- 
tohexamide was tested for its ability to displace cortical steroids 
from human serum albumin and human Serum fraction a-globulin 
IV-4, the latter containing transcortin. Of the. steroids examined 
(cortisone, cortisol, prednisone, prednisolone, and corticosterone), 
the binding of cortisol was the most reduced with human serum 


albumin as the protein; but if a-globulin fraction IV-4 was the 
protein in the system, prednisone was most displaced. The data 
establish that coumarin derivatives are capable of interfering with 
the binding of sulfonylureas to human serum albumin, and aceto- 
hexamide causes reduction of binding of the steroids tested to 
human serum albumin and oglobulin fraction 1V-4. These observa- 
tions may be the mechanism for interactions between these drugs. 


Keyphrase6 0 Sulfonylureas-displacement from human serum 
proteins by coumarin derivatives and cortical steroids 0 Serum 
protein binding, sulfonylureas4isplacement by coumarins and 
cortical steroids 0 Coumarin derivatives-displacement of sul- 
fonylweas from human serum proteins 0 Cortical steroids- 
displacement of sulfonylureas from human serum proteins 0 
Acetohexamide-displacement of cortical steroids from human 
serum proteins 


Reports in the recent literature have cited interactions 
of sulfonyiureas and various drugs including coumarin 
derivatives (1-9). Although there have been apparently 
no reports of displacement of cortical steroids by sul- 
fonylureas, compounds such as phenylbutazone have 
been shown to displace cortical steroids bound to human 
serum proteins; since competition has been demon- 
strated between phenylbutazone and sulfonylureas for 
binding sites on human serum proteins, one could 
conclude that similar competition should exist between 


cortical steroids and sulfonylureas in serum protein 
bindings (10). Sellers and Koch-Weser (1 I)  recently 
pointed out that, although the clinical importance of 
metabolic interactions between drugs has become in- 
creasingly clear, not enough work has been done to 
demonstrate the mechanisms of drug interactions by in 
oitro laboratory experiments including studies of dis- 
placement of drugs bound to plasma proteins. Such 
data would make it possible to predict clinically im- 
portant drug interactions. 
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Participation of Micelle at Crystal-Solution 
Interface in Rate-Determining Step for 
Cholesterol Gallstone Dissolution in 
Unsaturated Bile Media 


Keyphrases 0 Cholesterol gallstone dissolution rate in unsaturated 
bile media-ffect of micelle at crystal-solution interface !J Gall- 
stone dissolution rate in unsaturated bile media-ffect of micelle 
at crystal-solution interface Micellar effect-holesterol gall- 
stone dissolution rate in unsaturated bile media 0 Bile salt- 
lecithin micelle-effect on transport of cholesterol in interface, 
effect on gallstone dissolution rate 


Sir : 


Recent investigations (1-3) in this laboratory have 
established that the in oitro dissolution of human choles- 
terol gallstones in bile salt-lecithin media is largely 
controlled by crystal-solution interfacial kinetics rather 
than by bulk solution diffusion. Apparent interfacial 
barriers for dissolution were determined (2, 3) for a 
variety of cholesterol stones; these were typically 15-20 
times greater than bulk diffusion barriers in the in oitro 
experiments (2, 3). Similar dissolution rate experiments 
with compressed pellets of cholesterol monohydrate 
crystals have yielded comparable results--Piz., inter- 
facial barriers 20 times greater than bulk diffusion in 
sodium taurocholate-lecithin and sodium cholate- 
lecithin solutions (2, 3). These results have encouraged 
the mechanistic exploration of the rate-determining 
step(s) at  the cholesterol monohydrate crystal-solution 
interface. 


This communication reports data showing that the 
bile salt-lecithin micelle is critically involved in the 
“activated complex” for the transport of cholesterol 
in the interfacial region. Table I gives the results of a 
dissolution rate study showing the relative constancy of 
the effective interfacial transport coefficient, P, when 
the bile salt-lecithin concentration is changed while the 
bile salt-lecithin ratio is kept constant. As can be seen, 


Table I-Dissolution R a t e  of Cholesterol Monohydrate Pellets 
Showing the Direct Dependence of the Rate, J/A, upon the 
Solubility, C,, and the Relative Independence of the Rate upon 
the Interface Transport Coefficient, P 


Sodium Cholate + 
0.1 M Phos hate, mg./cm.’/ CC, D d  X lo&, P f  X lOL, 


Lecithin, (in (J/AYlO‘, 


pH 7.4f sec. mg./cm.a cm.l/sec. crn./sec. 


1 + 0 . 5  0.057 0.30 1.46 1.90 
2 + 1.0  0.16 1.05 1.49 1.52 
2 + 1.0 0.14 1 .oo 1.49 1.40 


5 + 2 . 5  0.56 3.00 1.30 1.87 


,I Experimental methods for determining J / A ,  C,. and D are given in 
Reference 3. * J / A  = PC, = dissolution rate (mg./cm.2/sec.). C, = 
total solubility of cholesterol monohydrate. d D = effective diffuslvlty of 
cholesterol in micellar solution. Diffusion coefficient data are pre  
sented mainly to show that the size of the micelle is not changing 
greatly over the concentration range studied. J P  = interface transport 
coefficient (crn./sec.). 


+ 0.07 MNaCl 
ionic strength (correct to 5 cholate) 


P remained essentially constant when the solubility, 
C,, varied by about a factor of 10. Since it was already 
demonstrated (2, 3) that the process is interface-kinetics 
controlled, these data can only be interpreted by some 
mechanism in which the bile salt-lecithin-cholesterol 
micelle is involved in the rate-determining step. 


This finding is exciting for a number of reasons. The 
recent studies of Surpuriya and Higuchi (4, 5 )  showed 
that the oil-water transfer of a variety of sterols in 
several bile salt-lecithin systems is also interfacial- 
barrier controlled and that the bile salt-lecithin-choles- 
terol micelle is involved in the rate-determining step. 
Thus the basic mechanisms may be very similar for the 
two situations, and other parallel characteristics are 
anticipated. For example, Surpuriya’ showed that the 
presence of 0.01 M calcium chloride increases P by a 
factor of 5 in his oil-water system. It would indeed be 
interesting to see similar effects in the gallstone and/or 
cholesterol monohydrate dissolution. 


There is a significant clinical aspect with regard to the 
present findings. Recently, Danzinger et al. ( 6 )  showed 
that oral administration of chenodeoxycholic acid to 
patients suffering from gallstone disease can lead to 
in oioo dissolution of gallstones. In four of the seven 
patients studied, these investigators found that gall- 
stones either disappeared completely or diminished 
significantly in size during the 14-22 months of cheno- 
deoxycholic acid treatment. In the remaining three 
patients, no changes in gallstone size could be deter- 
mined. These clinical studies support the idea that 
increasing the in oioo dissolution rate by a factor of 10 
or more should yield material patient benefits in that 
practical medical treatment times may be approached. 


The present findings and the parallel work on the oil- 
water transport of sterols could be of value in seeking 
out agents, additives, and other biopharmaceutical 
factors important to the safe and efficacious treatment 
of gallstone sufferers. 
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Kinetic Assay of Single Nitroglycerin Tablets 


Keyphrases 0 Nitroglycerin (single) tablets-kinetic assay, com- 
pared to cornpendial method 0 Tablets, single nitroglycerin- 
kinetic assay, compared to cornpendial method 0 Kinetic analy- 
sis-single nitroglycerin tablets, compared to cornpendial method 


Sir: 


Current interest in the stability of nitroglycerin tablets 
( I ,  2) demonstrates the need for a simple, rapid, and 
precise single-tablet assay procedure for nitroglycerin. 
The present USP method (3) requires separation of the 
drug from potentially interfering substances by column 
chromatography followed by acid hydrolysis, which 
yields the nitrate ion, and subsequent spectrophoto- 
metric determination of nitrated phenoldisulfonic acid. 
Its complexity of manipulation does not permit this 
method to be rapid and efficient for the determination 
of nitroglycerin in  single tablets. The GC (4) and polaro- 
graphic ( 5 )  methods are accurate and specific but require 
extensive instrumentation. Simpler methods, such as 
that developed by Bell (6), are nonspecific; they can be 
subject to interference either by nitrate or nitrite ions. 


The recent accelerated research activities in nitro- 
glycerin formulations prompted us to report our pre- 
liminary data on a kinetic assay of nitroglycerin in  
tablets. This assay method is simple, rapid, and precise 
and appears to be superior to existing methods for the 
single-tablet assay of nitroglycerin. 


Nitroglycerin has no significant UV absorption above 
240 nm.; but in  alkaline solutions, it degrades oiu a 
chromophoric intermediate which exhibits an absorp- 
tion peak around 336 nm. For example, in 99% meth- 
anol and at a sodium hydroxide concentration of 0.03 
M, the appearance and disappearance of peak intensity 
at  336 nm. (Fig. 1 )  can be ascribed to A + B + C 
kinetics. The kinetic order, rate of degradation, and 
maximum peak absorbance are dependent on nitro- 
glycerin and sodium hydroxide concentrations and 
solvent composition. A detailed description of the 
kinetics and mechanism of nitroglycerin degradation in 
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Figure 1-Degradatioti of nitroglyceriri as followed by absorbance 
change at 336 nm.; [nitroglycerin] 'v 0.4 mg.13 ml. of reaction mix- 
ture; [sodium hydroxide] = 0.03 M; solvent = 99% methunol: 25". 


alcoholic sodium hydroxide solutions will be presented 
elsewhere'. 


At a constant sodium hydroxide concentration and 
solvent composition, the observed maximum absorb- 
ance at 336 nm. was found to be a linear function of 
nitroglycerin concentration. A convenient system was 
33% water in methanol and 0.033 M NaOH in the 
reaction mixture. The kinetic assay could be initiated 
either by placing 1 ml. of aqueous nitroglycerin solu- 
tion or dissolving the sublingual tablet with 1 ml. of 
water directly in a 1-cm. cell, followed by addition of 
0.05 M NaOH in methanol. The absorbance at 336 nm. 
was then followed until a maximum value was reached. 


The validity of the present assay technique was 
checked against the official USP method. Different 
quantities of nitroglycerin tablets2 and powdersY were 
dissolved in water, and the solutions were assayed simul- 
taneously by the USP and the kinetic methods. In 
the USP assay, 1-ml. aliquots of nitroglycerin solutions 
were mixed with the indicated amount of column 
material4 and applied to the column. The same volume 
of nitroglycerin solution was used in the kinetic assay. 
Figure 2 shows a plot of absorbance maximum at 336 
nm. as a function of the concentrations of nitroglycerin 
in the prepared solutions as determined by the USP 
method. The excellent linearity observed (correlation 
coefficient = 0.994 for 14 points) strongly testifies to 
the validity of the kinetic assay. 


The slight positive intercept observed in Fig. 2 was 
apparently contributed by the tablet diluent (lactose) 


1 H.-L. Fung. P. Dalecki, and C. T. Rhodes, to be published. 
* Eli Lilly & Co. 
* One part of nitroglycerin plus nine parts of lactose USP. su 


by ICl America Inc.. Atlas Chemicals Division, Wilmington. DE 
4 Celite 545. Fisher Scientific Co., Fair Lawn, N. J. 
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GLC Determination of Meperidine in Blood Plasma 


T. J. COEHL' and C. DAVISON 


Absbact 0 A GJX technique utilizing a flame-ionization detector 
is described for the analysis of meperidine in blood plasma. The 
meperidine is extracted with benzene from plasma that has been 
made basic with sodium carbonate. A linear calibration curve is 
found in the range 0.1-1.25 mcg./ml., with the precision of the 
assay estimated to be =t9.9% (RSD). The method has been used 
in the determination of the half-life of meperidine in dog plasma. 


Keypbrnses Meperidine-GLC-flame-ionization analysis in dog 
plasma, determination of half-life 0 Plasma levels, meperidine- 
determination of half-life in dogs, GLC-flame ionization 0 GLC- 
flame-ionization detection-analysis, meperidine in dog plasma, 
determination of half-life 


Until recently, the colorimetric technique of Burns 
et al. (l), with a sensitivity of 0.3 mcg./ml., was the best 
method available for analysis of meperidinel. This 
method, which depends upon the formation of a 
methyl orange-base complex, is applicable for most 
amines. Thus, its adaptation for analysis of meperidine 
raises the question of specificity. Beckett et al. (2) 
showed that, even with modifications such as buffer 
washes, nicotine interferes with the assay. This should 
be true of many other bases as well. Dal Cortivo et al. 
(3) developed a fluorometric assay for meperidine, but 
a lower limit again of only 0.3 mcg./ml. was established. 
Jenkins et al. (4) used a GLC method for the estimation 
of meperidine in a study of its placental transfer in 
pregnant ewes. A sensitivity of 0.025 mcg./ml. was 
reported; however, in our hands this sensitivity was 
not obtainable. Moreover, there is a limitation of only 
two analyses per hour and a relatively large volume of 
plasma is needed (3-4 ml.). 


Although other papers have been published con- 
cerning GLC techniques, either complete details of 
the methodology were not reported ( 5 )  or no attempt 
was made to adapt the method for the analysis of 
biological fluids (6-1 1). Other approaches used for the 
determination of meperidine in biological fluids include 
another colorimetric approach utilizing bromthymol 
blue (12, 13), a UV absorption spectrophotometric tech- 
nique (14), and two methods using column chroma- 
tography, to separate meperidine from contaminating 


Demerol, Sterling-Winthrop Research Institute. 


material, coupled with either paper chromatography (IS) 
or colorimetry (16) for quantitation. Most of the thera- 
peutic serum concentrations have been estimated using 
the method of Burns et al. (1) with widely varying 
values (I ,  17-21). Consequently, a method having 
greater sensitivity and greater specificity was desired. 
A GLC method was developed which has a sensitivity 
slightly better than 0.1 mcg./ml. and the required 
specificity. 


EXPERIMENTAL 
Apperntw-A gas chromatograph' equipped with a flame- 


ionization detector was used with gas ffows of 45, 60, and 600 d./ 
min. for nitrogen, hydrogen, and air, respectively. A column oven 
temperature of 180" was used; injection port and detector tempera- 
tures were maintained at 220 and 210", respectively. 


Cdumn-A 2-mm. i.d. X 180cm. glass U tube column was 
packed with 3% OV-17 on 100-120-mesh Gas-Chrom Q'. Before 
it was packed, the empty glass column was thoroughly rinsed with 
methanol and acetone, dried, and conditioned 1 hr. with a 5 %  
solution of dimethyldichlorosilanea in toluene to  silylate reactive 
sites. Thecolumn was again rinsed with acetone and dried. 


Analytical Procedure-Two milliliters of blood plasma' was 
transferred to a %ml. glass-stoppered centrifuge tube made basic 
with 1.5 ml. 10% sodium carbonate and extracted with 15 ml. 
analytical reagent grade benzene by shaking for 2 min. The tubes 
were centrifuged for 3 min., and 12.5 rnl. of the benzene phase was 
then transferred to a screw-top test tube. One drop of methanolic 
1 N HCI (prepared from 12 N HCl) was added to the benzene phase. 
The benzene was evaporated at no more than 40" under a flow of 
nitrogen. The residue was taken up in 30 rl. of analytical reagent 
grade dimethylformamide and 20 pl. of hexamethyldisilazanea, 
taking care to  rinse the sides of the tube well. GLC determinations 
were made by injecting 4 pl. of the dimethylformamide solution 
onto the column with a 1-pl. solvent wash. Quantitation was ac- 
complished by the measurement of peak heights. 


Standards for a calibration curve were prepared by adding 
aliquots of an aqueous solution of meperidine hydrochloride to 
5o-d. glass-stoppered centrifuge tubes containing 2 d. of blood 
plasma6 to give final plasma concentrations of 0.1-1.25 m~g./ml. 
The tubes were shaken to ensure mixing and then analyzed as 
mentioned. To determine percent recoveries, it was necessary to  
compare the calibration curve data with a detector response curve. 
This was obtained by taking aliquots of an aqueous solution of 
meperidine hydrochloride to give standards of 0.2-2.5 m ~ g .  The 
aliquots were evaporated to  dryness and taken up in 30 d. of di- 
methylformamide and 20 pl. hexamethyldisilazane, and 4-4. 
samples were injected onto the column. 


Packard model 7301. 
8 Applied Science Laboratories, State Colleg Pa. 
4 Citrate and fluoride have been used succes%llly as anticoagulants. 
* Red Cross citrated plasma. 
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Figure 1-Gas chromatogram of human plasma. Left: control plasma. Right: plasma containing 0.2 mcg./ml. meperidine (A) .  
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Precision and accuracy were determined by analyzing replicate 
plasma samples to which known amounts of meperidine had been 
added. 


I 


0 0.1 0.3 0.5 0.7 0.9 1.1 1.3 
MEPERIDINE, rncg./rnl. 


Figure 2-Detector response curve ( I )  and calibration curve ( 2 )  for 
meperidine in plasma. Peak height was not corrected for aliquot of 
extraction solwnt used in the analyses. 


To illustrate the utility of the method, four mongrel dogs were 
medicated intravenously with meperidine; the doses ranged between 
15 and 25 mg. drug/kg. body weight. Multiple blood samples 
were taken through 2 hr. postmedication. The samples were then 
analyzed for meperidine, and the half-life of distribution and the 
half-life of elimination from blood were determined. 


RESULTS AND DISCUSSION 


The retention time for meperidine was found to be 5.8 min., 
with no interfering peaks in this area (Fig. 1). The detector response 
curve and the calibration curve were linear over the 0.1-1.25-rncg./ 
ml. range (Fig. 2). No advantage was found by plotting peak areas 
instead of peak heights. The peak heights for the calibration curve 
are plotted without correcting for the volume of extraction solvent 
used; i.e., only 12.5 ml. of benzene out of 15 ml. was used. After 
taking this into consideration, the percent recoveries from spiked 
blood plasma averaged 9 6 z .  


The precision was determined to be Zk9.9z (RSD) for the stand- 
ard curve shown (Fig. 2). For data obtained from running replicate 


Table I-Precision in Measurement of Mependine 
Added to Human Plasma 


Added, Measured', 
mcg./ml. mcg./ml. IUDb, Z 
0.2 0.22 (0.20-0.24) z t 8 . 8  
0 . 5  0.53 (0.52-0.55) *2.9 
1 .o 1.03(0.93-1.06) Zk5.8 


0 Mean of five replicate samples (range). b Relative standard deviation 
I0lV)l. 
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Figure 3-Meperidine plusma concentrations in the dog after u 
single intmwnous medication. Key: 0, 25 mg./kg.; 0, 20 mg./kg.; 
A, 15 mg./kg.; and X, 15 mg.lkg. 


samples in the range of 0.2-1.0 mcg./ml., the precision varied from 
*2.9 to 8.8 % (RSD)  (Table I). 


The use of the hexamethyldisilazane along with dimethyl- 
formamide for taking up the meperidine for injection proved ad- 
vantageous in two respects: (a) the rinsing of the walls of the tube 
was facilitated since the solution wet the glass very well, which was 
not the case with dimethylformamide alone; and (b)  it inhibited the 
binding of drug to the glass, which occasionally was noticed when 
only dimethylformamide was used. 


The facts that some tailing was noted in the chromatogram and 
that the standard curve, determined by the least-squares method, did 
not pass through zero at the 95% confidence level pointed to  an 
interaction between the compound and the column packing. At- 
tempts were made to overcome this problem by trying 3% OV-1 on 
Gas Chrom Q as the packing as well as silylating the reactive sites 
in the packing by hexamethyldisilazane iqjections ; neither variation 
was successful. This interaction problem was not serious at the 
concentrations used. 


Another problem was seen when ontolumn amounts of rneperi- 
dine five times the normal range were used. A fraction of these 
larger amounts remained on the column and was eluted by the 
next dimethylformamide injection. Incomplete volatilization at  the 
injection port Seems to be a plausible explanation. However, this 
problem can be avoided by using on-column amounts of meperidine 
of 0.2 mcg. or less. 


That protein binding might be a minor consideration at  the lower 
concentrations was indicated by comparing data for extractions 


of meperidine from water and from plasma. Whereas the average 
percent recovery was greater than 90% through the 0.1-l.O.mcg./ml. 
range, the percent recoveries at the lower concentrations of spiked 
plasma dipped into the lower 80's. 


It is recommended that four spiked plasma standards be run with 
each set of plasma samples as a routine procedure. By using the 
standard curve and the peak height of an unknown sample, the 
concentration of meperidine in a sample can be determined. 


Under the conditions of the column, other peaks were noted at 
approximately 14 and 90 min. These could pose a problem for 
subsequent analyses; however, by running a sample every 10 min., 
it was possible to avoid interference by each 14-min. peak and thus 
nine samples were run before the first very large broad 90-min. peak 
interfered. It was then neceSSary to  wait 90 min. until all of these 
latter peaks were eluted. 


For this half-life study in dogs. it was shown that the metabolites 
of meperidine do not interfere. For future clinical studies, it was 
established that lidocaine, mepivacaine, bupivacaine. and nicotine 
do not interfere in the assay. 


The analyses of the plasma samples from the dogs showed a 
rapid decline in the concentration of meperidine (Fig. 3). It was 
reported (1) previously that meperidine was metabolized at  a 
rate of about 70%/hr., which is equivalent to a half-life of about 
30 min. In this present study, the arithmetic mean and standard 
deviation for the half-life of distribution and the half-life of elimina- 
tion from blood were calculated to be 6.5 f 0.8 and 31.2 * 6.4 
min., respectively. 
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not hydrolyzable by aryl sulfatase. The identity of the hydrolysis 
product was confirmed by inverse isotope dilution and TLC. The 
nature of the glucuronide bonding has not been determined. 


Inverse isotope dilutions on the urine of three rats that had r e  
ceived seclamne-2-14C indicated the presence of malonic acid in an 
amount that accounted for 2-14% of the urinary radioactivity. In 
addition, succinic acid, a known metabolite of malonic acid, was 
present and represented 1-3% of the urinary radioactivity. The 
presence of these two compounds suggests that the carbon dioxide- 
1 C  present in respired air (Table 1) originates either from the direct 
decarboxylation of malonic acid or from succinic acid through the 
tricarboxylic acid cycle. In any event, the radioactive carbon dioxide 
arises through metabolic cleavage of the isoxamline ring of secla- 
zone. 


The metabolic fate of s e c b n e  is summarized in Scheme I. 


SUMMARY 
Sechzone-9-W is readily absorbed after oral administration to 


the rat, beagle hound, and rhesus monkey. The half-lives of blood 
radioactivity in the three species were found to be 10,8.5, and 6 hr., 
respectively. In the rat, about half of the I4C given orally was ex- 
creted in the urine within 24 hr. Significant amounts of radioactivity 
were also found in the carcass, liver, and GI tract. Seclazone is 
almost completely metabolized to Schlorosalicylic acid in each of 
these three species. The latter compound was excreted either un- 
combined or conjugated with glucuronic acid or glycine. Studies 


with seclazone-2-'4C suggested that carbons 2, 3. and 3A of secla- 
zone are metabolized to malonic acid. 
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Displacement of Sulfonylureas from Human Serum Proteins by 
Coumarin Derivatives and Cortical Steroids 


JOSEPH JUDIS 


Abshact 0 Several coumarin derivatives (ethyl biscoumacetate, 
phenprocoumon, anisindione, acenocoumarol, and diphenadione) 
were examined for their abilities to displace sulfonylureas (aceto- 
hexamide, chlorpropamide, and tolbutamide) from human serum 
albumin, utilizing equilibrium dialysis for the estimation of pro- 
tein binding. All of the coumarin compounds caused reduction in 
binding of the sulfonylureas, although there was no clearcut pattern 
with variation of pH. At lower pH values, ethyl biscoumacetate 
caused the greatest reduction in binding of sulfonylureas; but a t  
pH 8.4, diphenadione was the most potent displacing agent. Ace- 
tohexamide was tested for its ability to displace cortical steroids 
from human serum albumin and human Serum fraction a-globulin 
IV-4, the latter containing transcortin. Of the. steroids examined 
(cortisone, cortisol, prednisone, prednisolone, and corticosterone), 
the binding of cortisol was the most reduced with human serum 


albumin as the protein; but if a-globulin fraction IV-4 was the 
protein in the system, prednisone was most displaced. The data 
establish that coumarin derivatives are capable of interfering with 
the binding of sulfonylureas to human serum albumin, and aceto- 
hexamide causes reduction of binding of the steroids tested to 
human serum albumin and oglobulin fraction 1V-4. These observa- 
tions may be the mechanism for interactions between these drugs. 


Keyphrase6 0 Sulfonylureas-displacement from human serum 
proteins by coumarin derivatives and cortical steroids 0 Serum 
protein binding, sulfonylureas4isplacement by coumarins and 
cortical steroids 0 Coumarin derivatives-displacement of sul- 
fonylweas from human serum proteins 0 Cortical steroids- 
displacement of sulfonylureas from human serum proteins 0 
Acetohexamide-displacement of cortical steroids from human 
serum proteins 


Reports in the recent literature have cited interactions 
of sulfonyiureas and various drugs including coumarin 
derivatives (1-9). Although there have been apparently 
no reports of displacement of cortical steroids by sul- 
fonylureas, compounds such as phenylbutazone have 
been shown to displace cortical steroids bound to human 
serum proteins; since competition has been demon- 
strated between phenylbutazone and sulfonylureas for 
binding sites on human serum proteins, one could 
conclude that similar competition should exist between 


cortical steroids and sulfonylureas in serum protein 
bindings (10). Sellers and Koch-Weser (1 I)  recently 
pointed out that, although the clinical importance of 
metabolic interactions between drugs has become in- 
creasingly clear, not enough work has been done to 
demonstrate the mechanisms of drug interactions by in 
oitro laboratory experiments including studies of dis- 
placement of drugs bound to plasma proteins. Such 
data would make it possible to predict clinically im- 
portant drug interactions. 
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TiMs I-Characterktics of Inhibition of Albumin Binding of Sulfmylurcaa by Ethyl BiscOumacetate 


concenea- 
tion of 
Ethyl 


Biscoum- 
acetate Percent Reduction of r at pH: . 


(X 10- coefeciart of coeflicient of Coefscient of 
Correlation 8.4 Cordation Sulfonylurea mole) 6.5 Camlatiow 7.4 


Acetohexamid+ 0 
12 
24 
48 
216 


12 
24 
48 
216 


chlorpropamide 0 


- 
6.08 
20.01 
21.53 
80.11 


30.15 
39.27 
63.89 
91.32 


11.51 
19.27 
46.00 
86.29 


- 


- 


- 
0.19 
9.10 
32.07 


0.9751 77.93 - 


0.8343 


12.00 
24.67 
65.12 
88.10 


11.23 
18.20 
38.36 


0.9225 89.22 


- 
-4.93 
2.09 
25.57 


0.9607 72.95 0.9704 


22.84 
42.30 
64.86 


0.8849 93.19 0.8250 


- 


~~~~ ~~~~~ 


0 Coefficient of correlation (Parson's) calculated for plot of r V ~ U W  wrsw concentration of sulfonylurea. *A total of 11.88 X 10- mole present 
in system in all  experiments involving coumarin derivatives. c A total of 12 X 10- mole p e n t  in system in all experiments involving coumarin 
derivatives. 


Table II-Characteristics of Inhibition of Albumin Binding of Sulfonylureas by Phenprocoumon 
~~ 


concentra- 
tion of 


Phenpro- 
coumon Percent Reduction of r at  pH: . 
(X 10- coe5cient of Coefscimt of Coefscient of 


Sulfonylurea mole) 6.5 Correlation 7.4 cornlation , 8.4 Correlation 


- - - Acetohuratnide 0 
12 5.31 1.97 -0.09 
24 6.73 7.60 8.87 
48 15. 29 16.65 14.24 
216 48.53 0.9928 44.71 0.9918 51.86 0.9903 


- - - Chlorpropaaide 0 
12 6.15 7.61 2.45 
24 8.74 27.74 16.41 
48 32.36 40.42 54.08 


12 3.91 1.36 12.69 
24 7.91 4.56 23.70 
48 15.74 13.81 34.99 


216 82.69 0.9612 74.77 78.51 0.9343 
- - - Tolbutamide 0 


216 61 .96 0.9912 66.33 0.9928 61.26 0.9638 


0.9372 


Within this context, it seemed valuable to study: (a) 
the ability of several coumarin derivatives to displace 
the three major sulfonylurea compounds in clinical use 
from human serum albumin and (b) the ability of aceto- 
hexamide to displace several cortical steroids from 
human serum proteins. 


EXPERIMENTAL' 
Stock solutions of the coumarin derivatives were made in 


pH 8.4 tromethamine buffer (0.067 M) except diphenadione which 
was dissolved in pH 9.5 tromethamine buffer. The stock solutions of 


1 Acetohexantide-W was a gift of Eli Lilly and Co., Indiana oli 
Ind. Tolbutamide-US. chlorpro amidc-US. and the tritium-la!ed 
cortical steroids were obtained porn Ammham/Searle. Diphenadione 
was obtained from The U john Co. Ethyl biscoumacetate and aceno- 
coumarol were gifts from 8eigy Pharmaceuticals, phenprocouplon was 
*.from Organon Inc., and anisindione was a t from Schenng Corp. 


e liqlud scintillation phosphor solution used$ the determination of 
radioactivity was.Aquaso1. supplied b New Endand Nuclear Corp. 
All serum roteins .were obtained &om Nutnhonal Biochemical 
Corp.. Cleverand. Ohio. 


the cortical steroids were made with absolute ethanol as the sol- 
vent. Binding and displacement of bound drugs were studied utilis 
ing equilibrium dialysis as described previously (10). The specific 
activities of the sulfonylurea derivatives and concentrations of 
stock solutions were also as previously described. The specific 
activities of the cortical steroids used were as follows: corticoste 
rone-l,2-!-'H, 36 c./mmole; predNsotl~T (G), 2.5 c./mmole; corti- 
sone-l,PH, 500 mc./mmok; prednisolone-!-'H (G), 2.5 c./mmok; 
and tritium-labeled cortisol-l,2,2.0 c./mmole. Serum proteins were 
dissolved in tromethamine bulk of appropriate pH and placed 
in one side of the dialysis cell. The compound. the binding of which 
was being studied, and the competitor. if any, were placed in the 
other side of the cell. A total of 1.0 ml. was contained in each side 
of the cell. Other details of the procedure were identical with those 
previously published (10). 
The amounts of proteins in the systems were as follows. Albumin, 


either as the sole protein or together with or-globulin fraction IV4, 
was present in the amount of 5.797 X 10-' mole. a-Globulin frac- 
tion IV-4 as the sole protein was present in the amount of 5.714 X 
l(r* mole (assuming an average molecular weight of 70.000); when 
in combination with albumin, 7.15 X 10-6 mole of fraction IV4 was 
present. 


Although data relevant to possible clinical implications of com- 
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Table III-Characteristics of Inhibition of Albumin Binding of Sulfonylureas by Anisindione 


Conceatra- 
tion of  


(X lo-' 
Percent Reduction of r at pH: 


coefficient of Coeflicient of coefficient of 
%%- 


Sulfonylurea mole) 6.5 Correlation 7.4 Codation 8.4 C o d t i o n  


Acetohmamide 0 
12 
24 
48 
21 6 


12 
Chlorpropamide 0 


- 
6.99 
11.94 
36.79 
75.62 


10.85 
16.78 
38.79 
80.60 


- 


- 
6.29 10.23 


18.89 
38.03 
77.32 


~ 


10.42 
39.81 


0.9571 80.66 0.9468 0.9502 - 
22.24 
22.78 
53.44 
87.72 0.8982 


10.77 
21.42 
41.41 
83.87 0.9297 


- 


- 
13.22 
24.79 


~~ 


24 
48 
216 


51.62 
0.9475 78.06 0.9288 


Tolbutamide 0 
12 


- 
5 .oo 
14.49 
45.41 


0.9458 88.59 0.9519 


7.22 
16.45 
39.64 
79.79 


24 
48 
216 


Table IV-Characteristics of Inhibition of Albumin Binding of Sulfonylureas by Acenocoumarol 


Concentration of 
Acenocoumarol coefficient of Coefficient of 


Sulfon ylurea (x 1 0 1  mole) 7.4 Correlation 8.4 Correlation 


Pepxnt Reduction of r at pH: 


- 
8.24 
4.74 
20.88 
49.37 
- 


Acetohexatnide n 
1I 
24 
48 
21 6 


9.50 
8.08 
32 -03 
70.92 0.9950 


0.9634 


0.9674 


0.9683 


0.8749 


0.9713 


Chlorpropamide 


Tolbutamide 


0 
12 
24 
48 
216 


13.39 
19.49 
30.62 
71.38 


25.03 
29.62 
67.47 
88.10 


0 - 
-2.41 
4.58 
25.87 
76.72 


12 
24 
48 
216 


3.05 
11 -03 
31.07 
71.78 


Table V-Characteristics of Inhibition of Albumin Binding of 
Sulfonylureas by Diphenadione at pH 8.4 


petitive protein binding could be obtained at pH 7.4, determina- 
tions were made also at pH 6.5 and 8.4. One objective of accumulat- 
ing &,ta at two pH values outside of the physiological range was to 
determine from a more basic viewpoint whether pH affects the 
binding process and competition between bound molecules. Fur- 
thermore, in the case of several compounds with solubilities limited 
to certain pH ranges, it was necessary to work at a nonphysiological 
pH. This was true, for example, with diphenadione which was in- 
soluble at pH values below 8.4. 


RESULTS AND DISCUSSION 
Over the range of concentrations of the various coumarin com- 


pounds used, substantial reduction in binding of the three sulfonyl- 
ureas resulted (Tables I-V). Diphenadione was studied at pH 8.4 
only because of solubility problems at values below 8.4. For the 
same reason, acenocoumarol could not be tested at pH 6.5. The 
other derivatives were examined at the three pH values indicated, 
and the Anal concentrations were adjusted to be comparable to 
that found in plasma when dicumarol is used in therapy (12-17). 
Although the abilities of the various coumarin compounds to dis- 
place sulfonylureas from human serum albumin varied with the 
type of coumarin compound as well as the pH. there appeared to be 
no discernible clearcut pattern in terms of the & a t  of pH on dis- 
placement. 


Concentra- 
tion of Di- 
phenadione Pemqt Coefficient 


Sulfon ylurea mole) of r Correlation 
(X 1 0 1  Reduction of 


- Acetohexamide 0 
12 9.43 
24 22.40 
48 60.89 
21 6 97.93 0.8385 


Chlorpropamide - Chlorpropamide 0 
12 19.79 
24 34.83 
48 76.13 
216 97.63 0.7659 


- 0 
12 19.79 
24 34.83 
48 76.13 
216 97.63 0.7659 


- To1 butamide 0 
12 7.94 
24 27.74 
48 63.84 
216 91.33 0.8577 
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Table VI-Comparison of Highest Percent Reduction in r Values of Sulfonylureas Caused by Coumarin Derivatives 


Coumarin Derivative -Acetohexamide pH- d o r p r o p a m i d e  pH- -Tolbutamide pH- 
in system 6.5 7.4 8.4 6.5 7.4 8.4 6.5 7.4 8.4 


~~ 


Ethyl biscoumacetate 80.1 1 77.93 72.95 91.32 88.10 93.10 86.29 89.22 89.01 
Phenprocoumon 48.53 44.71 51.86 82.69 74.77 78.51 61.96 66.33 61.26 
Anisindione 77.32 75.62 80.66 87.72 80.60 78.06 83.87 79.79 88.59 


71.78 76.72 - 91.33 
Acenocodmar01 - 49.37 70.92 - 71.38 88.10 - 97.93 - - 97.63 Diphenadione - - 


- 


TnMe W-Potency of Coumarin Derivatives to Displace Sulfonylureas from Human Serum Albumin 


Sulfon ylurea PH Decreasing Reduction in r Values of Sulfonylureas 


Acetohexemide 6.5 
7.4 
8.4 


7.4 
8.4 


7.4 
8.4 


Ethyl biscoumtate > anisindione > phenprocoumon 
Ethyl biscoumacetate > anisindione > acenocoumarol> phenprocoumon 
Diphenadione > anisindione > ethyl biscoumacetate > acenocoumarol > phen- 


Ethyl biscoumacetate > anisindione > phenprocoumon > acenocoumarol 
Diphenadione > ethyl biscoumacetate > acenocoumarol > phenprocoumon > 


Ethyl biscoumacetate > anisindione > acenocoumarol> phenprocoumon 
Diphenadione > ethyl biscoumacetate > anisindione > acenocoumarol > 


procoumon 
Chlorpropamide 6.5 Ethyl biscoumecetate > anisindione > phenprocoumon 


anisindione 
Tolbutamide 6.5 Ethyl biscoumacetate > anisindione > phenprocoumon 


phenprocoumon 


Table VIII-Characteristics of Inhibition of Serum Protein 
(Albumin) Binding of Steroids by Acetohexamide 


Table IX-Characteristics of Inhibition of Serum Protein 
(*Globulin Fraction IV-4) Binding of Steroids by Acetohexamide 


@ncentra- 
bon of Ace- 
tohexamide 


(X 10- r ( X  
Steroid" mole) 10-4) 


C? Pacent etffclent 
Reduction ofCor- 


o f r  relation 


Con: 
cesltrabon 


of Ace- 
tohex- co- 
amide Percent efficient 


(X 1v Red~c- OfCm- 
Steroid mole) r tionofr relation Prednisone 0 


9.88 
19.76 


5.11 
5.08 


- 
0.59 


1.02 x 10-8 
1.35 X 10-* 
1.20 x 10-8 
4.73 x 10-4 
1.28 X 10-' 
9.34 x 10-4 
9.49 x 10-4 
7.15 x 1 0 - 4  
9.84 X lW4 
4.01 X 10-' 
1.45 X 10-' 
1.31 X 10-8 
1.26 X 10-8 
8.91 X 10-4 
3.17 X W4 
1.64 x lo-' 
1.54 X 10-8 
1.28 X 10-* 
1.15 x lo-' 
3.77 x lo-' 


4.69 
4.24 
3.35 
4.47 
4.48 
3.81 
3.51 
3.02 


8.22 
17.03 
34.44 0.9423 


39.52 
197.6 


53.63 
87.45 0.8372 Rednisolone 0 


9.88 
19.76 
39.52 
197.6 


0 
14.77 Prednisolone 0 


9.88 
19.76 


- 
0 
0 
23.45 
57.07 0.9429 
- 
9.66 
13.10 
38.55 
78.14 0.9597 


21.48 
32.44 0.8257 


11.32 
4.03 
22.48 
37.83 0.9018 


20.66 
8.19 
13.65 
49.71 0.9364 


- 


- 


- 
0 


cortisone 
_. . . ~ 


39.52 
197.6 0 


9.88 
19.76 
39.52 
197.6 


6.45 
5.72 


Cortisone 0 
9.88 
19.76 
39.52 
197.6 


cortisol 0 
9.88 
19.76 
39.52 
197.8 


Corticasterone 0 
9.88 
19.76 
39.52 
197.6 


6.19 
5.00 
4.01 


cortisol 0 5.13 
4.07 
4.71 
4.43 


9.88 
19.76 


6.10 
21.95 
29.88 
77.01 0.9788 - 
0 


39.52 
197.6 


Corticosterone 0 
9.88 
19.76 
39.52 
197.6 


2.58 
9.41 
9.49 
8.98 
8.37 
7.19 


4.57 
11.05 
23.59 0.9421 


3.21 x 10-8 
3.56 X 10-8 
3.12 X 10-8 
2.54 x 10-8 


2.80 
20.87 
53.27 0.9397 Total steroid concentration was IO-*mole in the experimental system 


throughout. 
1.50 x lo-' 


and acenocoumarol showed similar loww displacement of aceto- 
hexamide at pH 7.4. The other coumarin derivatives produced a 
7040% reduction of r values in all other instances. A comparison 
of the percent reduction in r values of the sulfonylureas is tabulated 
in Table VI. In Table VII, the mumarin derivatives are ranked in 
decreasing order of reduction in r values obtained. At the two lows 


As estimated by percent reduction in r value', phenprocournon 
showed less displacement of acetohexamide at all three pH values 


*The r value refers to moles of steroid bound per mole of protein at 
the concentrations of steroid and protein present in the system. 
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Table X-Characteristics of Inhibition of Serum Protein (Albumin + a-Globulin Fraction IV-4) Binding of Steroids by 
Acetohexamide 


encentra-  
tion of Ace CO- 
tohexamide efficient 


(X lb. r (X  Reductlon of Cor- 
Steroid mole) 10-4) of r relation 


Rednisone 0 
9.88 
19.76 
39.52 
197.6 


Prednisolone 0 
9.88 
19.76 


Cortisone 


Cortisol 


39.52 
197.6 
0 
9.88 
19.76 
39.52 
197.6 
0 
9.88 
19.76 
39.52 
197.6 


Corticostcrone 0 
9.88 


19.76 
39.52 
197.6 


5.03 
5.06 
4.66 
4.52 
3.06 
3.91 
4.22 
4.03 
3.32 
2.42 
5.08 
5.19 
5.36 
4.90 
3.04 
4.73 
4.81 
4.23 
4.53 
2.92 
9.20 
8.72 
8.53 
8.43 
6.61 


- 
0 
7.36 
10.14 
39.17 
- 
0 
0 
15.09 
39.11 
- 
0 
0 
3.54 
40.16 
- 
0 
10.57 
4.23 
38.21 


5.22 
7.28 
8.37 
28.15 


- 


0.9884 


0.9313 


0.9933 


0.9583 


0.9938 


pH values studied, ethyl biscoumacetate was the most potent daiva- 
tive in terms of ability to displace sulfonylureas from human serum 
albumin; but at the higher pH value [8.4), diphenadione was the 
most potent displacing agent with phenprocoumon the least potent 
except in the case of chlorpropamide. At physiological pH (7.4), 
ethyl biscoumwtate would appear to be the coumarin derivative 
most likely to potentiate the action of a sulfonylurea compound. 
These results clearly indicate that the coumarin derivatives studied 
do displace sulfonylureas from human Serum albumin, and this 
could easily be the mechanism by which coumarin derivatives could 
cause hypoglycemia when administered concurrently with sulfonyl- 
ureas. A clinical report of this interaction was published by Kristen- 
sen and Hansen (3). involving potentiation of the effects of tol- 
butamide by dicumarol. 


Cortical steroids have been shown to bind primarily to a specific 
blood protein, with corticosteroid binding globulin (18) or trans- 
cortin until the latter is saturated and then the excess steroid is 
is bound to albumin. Albumin is known to bind a variety of com- 
pounds, and the binding of cortical steroids to  albumin is not spe- 
cifk as it is to corticosteroid binding globulin. Since. both of these 
blood proteins bind cortical steroids, they were both included in the 
study. Cohn fraction IV-4 a-globulin contains the cortical binding 
globulin (18). The results obtained are tabulated in Tables VIII-X. 
The r values are rather low, but these are not to be considered as 
true r values. For an estimation of true r values, it would be neces- 
sary to study a variety of concentrations of the steroids up to satura- 


tion of the protein; in these studies, the concentrations of steroids 
were adjusted to that normally found in plasma when cortical 
steroids are used in therapy (19-25). 


Only one sulfonylurea compound, acetohexamide. was chosen for 
this study as a representative of the group. Acetohexamide, as well 
as chlorpropamide and tolbutamide, was added in concentrations 
typical of blood levels attained in therapy (26-29). Acetohexamide 
caused a greater reduction in the r value when a-globulin fraction 
1V-4 was the protein studied than in the case of albumin or a com- 
bination of albumin and fraction IV-4. The greater displacement 
from fraction IV-4 is more significant clinically probably in the 
sense that binding of cortical steroids would be greatest to the a- 
globulin fraction with normal plasma steroid concentrations. Aceto- 
h d d e  caused the greatest reduction in binding to human Serum 
albumin in the case of cortisol and the least with corticosterone. 
With human serum a-globulin fraction IV-4, the greatest reduction 
in binding was seen with prednisone and least with corticosterone. 
When both proteins were present in the system, the binding of corti- 
sone was the most red& and the binding of corticosterone was 
the least reduced. On the basis of the data in Tables VIII-X. spe- 
citically the percent reduction in r values, it would seem that with 
human serum albumin as the protein in the system, the several s t a  
roids showed a decreasing percent reduction in r value in the pres- 
ence of acetohexamide as follows: cortisol, cortisone, prednisone, 
prednisolone, and corticosterone. Apparently, one cannot consider 
the r value obtained in the absence of acetohexamide as an indica- 
tion of binding capacity, because one does not observe an inverse 
relationship between binding capacity a d  percent reduction in r 
value in the presence of a displacing agent. 


Table XI indicates r values in the absence of acetohexamide and 
this inverse relationship does not seem to hold except in the case of 
corticosterone. This was equally true when human serum a-globulin 
fraction IV-4 was the protein in the system, once again with the 
exception of corticosterone. The lack of an inverse relationship be- 
tween binding capacity and ease of displacement by acetohexamide 
could very well be due to the lack of a proper index of binding ca- 
pacity. The r values in Table XI do not represent true r values in the 
sense that saturation of the protein was not nearly achieved with the 
very low concentrations of steroids employed. It probably would be 
more realistic to use such values aa n (number of binding sites) or k. 
(binding constant). In future work, it is planned to make a compari- 
son utilizing the latter indexes of binding capacity and binding 
strength. 


For the data in Tables I-V and VIII-X, coefficients of correlation 
were calculated for each set of concentrations of binding inhibitors 
and resulting r values. In almost all cases, the coefficients of correla- 
tion were significant to a level of confidence of 90%. although a 
somewhat lower level of confidence is indicated in a very few cases. 
The statistical values suggest that there is a reasonable quantitative 
relationship between concentrations of the inhibitors and amounts 
of organic molecule bound. 


These results indicate that acetohexamide is capable of displacing 
cortical steroids from plasma proteins and potentially could result in 
the equivalent of an overdosage of steroid if sulfonylureas and corti- 
cal steroids are administered concurrently. It is interesting that 
there are apparently no reports in the clinical literature of this sort 
of drug interaction and perhaps it is of no clinical consequence. It 
would be interesting to note whether diabetics with rheumatic or 
arthritic conditions experience an improvement in the latter condi- 
tions upon introduction of sulfonylurea therapy. If such cases do 
exist, they may be examples of a beneficial drug interaction. 


TaMe M-Comparison of Steroids in Terms of Moles Bound per Mole of Human Serum Albumin and a-Globulin Fraction 1V-4 


I Steroid. and r Valud 
Protein Rednisone Prednisolone Cortlsone Cortisol Grticosterone 


Human sexurn 5.11 x 1 0 - 4  . 4.47 x 10-4 6.45 X 10-4 5.13 x 1 0 - 4  9.41 X lo-' 


Human serum 1.02 x 10-8 9.34 x lo-' 1.45 X 10-* 1.64 x 10-8 3.21 X 10-* 
albumine 


a-globdm 
fraction IV-4d 


The amount of steroid in the system in all caseswas 10-*mole and thus r does not represent a true r value indicating total binding capacit of the 
protein. b The r value refers to moles of steroid bound per mole otprotein at the concentrations of steroid and rotein present in the system. e Jteroids 
ranked in order of decreasing r values: cortimsterone > cortisone > cortisol > prednisone > prednisolone. * &eraids ranked in order of decreasing r 
values: corticosterone > cortisol > mrtlsone > prednisone > prednisolone. 
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Toxicological Studies of 2-Mercaptoethanol 


KENNETH WHITE*, J. V. BRUCKNERt, and W. L. GUESS’ 


Abstract 0 The toxicity of 2-mercaptoethano1, a potential reaction 
product between residual ethylene oxide and sulfides in rubber 
medical devices sterilized by ethylene oxide, was investigated. 
This report includes LDm determinations for mice by both the 
intraperitoneal and oral routes of administration, as well as sub- 
chronic dosage studies. Both ethanol and sodium pentobarbital 
significantly decreased the acute toxicity potential of 2-mercapto- 
ethanol, although pretreatment with atropine and with a combina- 
tion of metal ions had no beneficial effects. 2-Mercaptoethanol was 
found to be more toxic to all tissues than ethanol but showed a 
marked decrease in such activity upon dilution. 


Key phrases IJ 2-Mercaptoethanol-toxicity profile Toxicity pro- 
fie-2-mercaptoethanol 0 Sterilization residues, toxic-profile of 
2-mercaptoethanol as potential reaction product between ethylene 
oxide and sulfides 0 Ethylene oxide sterilization-toxicity profile 
of 2-mercaptoethanol as potential residue 


The contemporary procedure of sterilization by 
ethylene oxide of rubber and plastic medical devices 
has provoked a number of pertinent questions as to 
potential health hazards such devices might propound. 
Bronsted et al. ( I )  demonstrated that ethylene oxide 
will react with a wide variety of nucleophilic agents, 
thus introducing the likelihood of production of reac- 
tion products from chemical contaminants in the steri- 


lized articles. One such reaction product, the extremely 
toxic chlorohydrin 2-chloroethano1, was investigated 
by Guess (2). Guess and O’Leary (3) found another 
reaction product of ethylene oxide sterilization, 242- 
hydroxyethylmercapto)benzothiazole, to be quite toxic 
to cells in culture and to mice. 


A number of rubber devices, including tracheotomy 
tubes, indwelling catheters, multidose vial stoppers, 
bottle cap liners, and gloves are commonly sterilized 
with ethylene oxide. During the vulcanization of rubber 
with sulfur, it is likely that sulfides, including hydrogen 
sulfide, are formed. The formation of 2-mercaptoethanol 
by the mechanism proposed by Bronsted e( al. (1) is 
then possible. The aforementioned medical materials 
come into both direct and indirect contact with various 
body tissues, including mucous membranes, epithelial 
and endothelial cells, muscle, and ocular tissues. 
Therefore, if these devices are to be used with safety, 
the toxic potential of any possible contapinants must 
be determined. 


A search of the literature revealed a paucity of informa- 
tion on the systemic and specific tissue toxicity of 2-mer- 
captoethanol. Finley and Carlson (4) speculated that 
the LDso by intraperitoneal injection in mice was ap- 
proximately 195 mg./kg. A patent authored by Utrumi 
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NOTES 


Adsorption-Dissolution Relationship in 
Sulfamethazine-Benzoic Acid System 


R. N. NASIPURI and SALEH A. H. KHALIL' 


Abstroet 0 Both the equilibrium solubility and dissolution rate of 
sulfamethazine were remarkably inhibited in the presence of benzoic 
acid. The &ect was dependent on the concentrations of both the 
benzoic acid and sulfamethazine in the system. The inhibition of 
sulfamethazine dissolution was synchronous with the adsorption 
of benzoic acid on the sulfonamide particles. As low as 5 mg.x 
polyvinylpyrrolidone prevented the adsorption of benzoic acid on 
sulfamethazine and, consequently, the suppressive &ect of benzoic 
acid on sulfamethazine dissolution was no longer shown. 


Keyphrases 0 Sulfamethazine-benzoic acid-adsorption-dissolu- 
tion relationship, effect of polyvinylpyrrolidone 0 Benzoic acid- 
sulfamethazine-adsorption-dissolution relationship, effect of 
polyvinylpyrrolidone 0 Polyvinylpyrrolidone-effect on adsorp 
tion-dissolution relationship in sulfamethazine-benzoic acid 
system 0 Dissolution-sulfamethazine in benzoic acid, effect of 
polyvin ylp yrrolidone 


During a study on the adsorption of benzoic acid on 
sulfamethazine particles, it was observed that in certain 
systems the equilibrium solubility of the sulfonamide 
was significantly decreased, sometimes reaching only 
about 6% of its solubility in water. The present article 
examines the effect of benzoic acid on the equilibrium 
solubility and dissolution rate of sulfamethazine and 
compares the dissolution results with the data of benzoic 
acid adsorption on the sujfonamide particles. The effect 
of polyvinylpyrrolidone on both adsorption and dissolu- 
tion in the system is discussed. 


EXPERIMENTAL 


Materials-Sulfamethazine, BP gradel, was used; the powder had 
a mean volume-surface diameter of 32.6 p. Benzoic acid was of BP 
quality', and polyvinylpyrrolidone was a sample having an average 
molecular weight of 40,OOO~. Methylcellulose 20 and sodium car- 
boxymethylcellulose of 50 and 100 viscosity grades' were used. 


MethodgAdsorption Isotherm-The procedure described by 
Bean and Dempsey (1) was followed a t  24 f 0.2'. 


Determination of Dissolution Rate-This was determined at 24 f 
0.2" in an oscillating water bath at a speed of 18 f 2 strokes/min. 
After the specified time, the contents of the flask were 6ltered 
through a sintered-glass funnel'. The concentrations of both benzoic 
acid and sulfamethazine were determined in the filtrate spectre 
photometrically by applying the equations of Tinker and McBay (2) 
for twocomponent systems. Measurements were made using a 
spectrophotorneterb at 230 and 300 nm. (in 0.05 N HCI). The 
validity of the equations used were tested by assaying known mix- 


* Sulfadimidhe. Imperial Chemical Industries, England. 
9BritishDru Houses.En and. * Plasdone k 49-32. GAF krp., New York, N. Y. 
4 Je? 39 G3. ' ulufam SP 500. 


0 2 0 4 0  60 80 100 
INITIAL BENZOIC ACID CONCENTRATION, rng./lW ml. 


Figure 1-Effect of benzoic acid on the equilibrium solubility of sulfa- 
methazine. The concentrations of sulfmethazine in the system (8.1 
100 mi.) were: (0) 0.06; (0) 0.1; (A) 0.2; und(A) 0.3, 0 . 4 4 ,  and 10. 


tures of sulfamethazine and benzoic acid. The percentage errors were 
f 1.9 


Elution Procedure-The suspension left after the adsorption ex- 
periment was filtered through a sintered-glass funnel', and the pre- 
cipitate was digested in water (double the volume used in the ad- 
sorption experiment). The procedure described under Determina- 
tion of Dissolution Rate was then followed. 


for sulfamethazine and f 2.3 % for benzoic acid. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show, at different initial b e m i c  acid concentra- 
tions, the &ect of benzoic acid on the equilibrium solubility of sulfa- 
methazine and its adsorption on the sulfonamide particles. Within 
the concentration range of benzoic acid used, the equilibrium solu- 
bility of sulfamethazine showed a pronounced decrease; the &ect 
was dependent on the concentrations of both benzoic acid and sulfa- 
methazine in the system (Fig. 1). At and above 0.3 g./100 ml., sulfa- 
methazine suffered no significant change in its equilibrium solu- 
biiity; below 0.3 g./100 d., a remarkable decrease occurred, reach- 
ing about 2.5 mg. % compared with 39.6 mg. % in water. 


The decrease in sulfamethazine solubility in the presence of 
benzoic acid can be attributed to the adsorption of the acid on the 
sulfonamide particles. The data of benzoic acid adsorption are 
plotted in Fig. 2. The relationship between the amount of benzoic 
acid adsorbed per millimole sulfamethazine and the equilibrium 
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INITIAL BENZOIC ACID CONCENTRATION, rng./lW rnl. 


Figure 2-Adsorption of benzoic acid on suljhmethazine. The con- 
centrations oJ sulfamethazine in the system (g.1100 ml.) were: (0) 
0.06; (0) 0.1; (A) 0.2; und(A) 0.3,0.4,4, and 10. 


solubility of the sulfonamide is shown in Table I. At a constant 
initial concentration of benzoic acid, the amounts of benzoic acid 
adsorbed per millimole sulfamethazine were 0.75, 0.77, and 0.76 
mmole for systems containing 2.16, 3.60, and 7.20 mmoles sulfa- 
methazine, respectively. These data may suggest that the sulfon- 
amide particles were “saturated” by benzoic acid, as shown by the 
plateau regions in Fig. 2. As a result, the equilibrium solubility of 
sulfamethazine showed a pronounced decrease (Table I). At higher 
sulfamethazine concentrations, the amount of benzoic acid ad- 
sorbed showed a gradual decrease and the sulfonamide solubility 
exhibited an insignificant change (Table I). 


The relationship between adsorption of benzoic acid and its 
effect on sulfamethazine dissolution, both during an adsorption 
run and an elution experiment, is shown in Fig. 3. After 30 min. of 
equilibration, the amount of benzoic acid adsorbed per 0.2 g. sulfa- 
rnethazine was 66.6 mg. In this system the equilibrium solubility of 


Table I-Data of Benzoic Acid Adsorption on Sulfamethazine and 
Its Effect on the Equilibrium Solubility of the Sulfonarnide 


Benzoic Acid Equilibr+n 
Sulfamethazine Adsorbed, Solubility 
Concentration, mmole/mmole of Sulfamethyine, 


mmolesll. Sulfamethazine mmoles/l. 


2.16 
3.60 
7.20 
10.80 
14.40 
36.00 
72.00 
144.00 
360.00 


~~ 


0.75 
0.77 
0.76 
0.72 
0.54 
0.22 
0.11 
0.054 
0.022 


0.076 
0.083 
0.173 
1 .a 
1.442 
1.417 
1.457 
1.424 
1.421 


a Initial concentration of benzoic acid = 8.18 moles/I. Equilibrium 
solubility of sulfamethazine in water (pH 5.6) at 24” = 1.424 mmolesfl. 


474 0 Journal of Pharmaceutical Sciences 


Table II-BTect of Polyvinylpyrrolidone on the Adsorption- 
Dissolution Relationship in the Sulfamethadne-Benzoic 
Acid Systema 


Initial 
m i c  


Acid Concentration,of Polyvinylpyrrolidone, me. % 
Concen- Benzoic Acid Sulfamethazine 


?- tration, -Adsorbed, mg- -Solubility, mg. 
ms. % 0 5 0 


0 - - 39.2 40.1 
20 15.2 0.0 38.8 39.9 
40 34.6 0.0 38.2 40.4 
60 54.6 0.1 36.1 40.2 -_  - 
80 65.8 0.1 3 . 0  39.8 
100 66.1 0.2 4.8 39.9 


a Sulfamethazine concentration - 0.2 g. %. 


sulfamethazine dropped from 39.2 to 4.8 mg.%. In the elution ex- 
periment, partial desorption of benzoic acid occurrad since only 
about 10% of the amount o r i g h d y  adsorbed was eluted (Fig. 3B). 
Nevertheless, this seemed to have produced enough unoccupied sites 
on the sulfonamide particles as the result of partial desorption of 
benzoic acid, which could be claimed to be responsible for the in- 
crease in sulfamethazine dissolution during the elution experiment 
(Fig. 3A). 


The role of polyvinylpyrrolidone in suppressing the adsorption of 
benzoic acid by sulfamethazine particles is shown in Table 11. The 
incorporation of 5 of the polymer in the systems studied 
resulted in almost complete inhibition of benzoic acid adsorption. 
This was also reflected in the solubility of sulfamethazine, where no 
significant change was obsaved (Table 11). It is suggested that poly- 
vinylpyrrolidone, being a protective colloid, would be concentrated 
at the surface of sulfamethazine particles, thus “insulating“ or 
“shielding” the surface. The work of Simonelli et al. (3) showed that 
polyvinylpyrrolidone inhibited the crystal growth of sulfathiazole 
due to the transport of the polymer molecules from the bulk to the 
crystal surfaces. Moriguchi and Kaneniwa (4) showed also that poly- 
vinylpyrrolidone was preferentially adsorbed on talc, thus competing 
for the adsorption of cyanocobalamin on talc. The inhibition of 
sulfamethazine dissolution by benzoic acid reported in the present 


40 


bR 


2 


0 1 2 3 a 1 2 3 
ADSORPTION OR ELUTION TIME, hr. 


Figme H A )  Effect of benzoic acid on the dissolution rate of sulfa- 
methazine (0-0) during an adsorption experiment and (0- - -0) dur- 
ing an elution experiment: (X-X) is sulfmthazine dissolution in 
water. (B)  Adsorption of benzoic acid on sulfomethazine and its 
elution. Key: A-A, adsorption data; and A- - -A, elution data. 
Sulfamethazine concentration = 0.2 g./l00 ml.; initial benwic acid 
concentration = 100 mg.1100 ml. 







work is analogous to the work of Piccolo and Tawashi (9, who 
found that at low concentrations of some dyes. inhibition occurred 
to smgle crystal dissolution of a number of drugs. 


SUMMARY AND CONCLUSIONS 


In the presence of be-nzoic acid, both the dissolution rate and 
equilibrium solubility of sulfamethazine were suppressed. The phe- 
nomenon was attributed to the adsorption-of benzoic acid on the 
sulfonamide particles. The inhibition of sulfamethazine dissolution 
was only shown when the sulfonamide particles were saturated by 
benzoic acid. Due to the protective effect of polyvinylpyrrolidone, 
as low as 5 mg. of the polymer prevented the adsorption of ben- 
zoic acid and, consequently, its suppressive d e c t  on sulfamethazine 
dissolution. 
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Identification of a Rearranged Degradation 
Product from Carbamazepine-l0,ll-epoxide 


K. M. BAKER, A. FRIGERIO', P. L. MORSELLI, and G. PIFFERI* 


Abstract Carbamazepine-lO,llepoxide, a metabolite of carbam- 
azepine found in human urine, undergoes a rearrangement and 
degradation to 9-acridinearboxaldehyde during GLC. 


Keyphraees 0 Carbamazepine-10,l l-epoxide-identification of 
GLC degradation product as 9-acridinecarboxaldehyde 0 9- 
Acridinecarboxaldehyde-identified as carbamazepine-lO,l l-epox- 
ide GLC rearrangement product, synthesis, physical-chemical 
properties 


In previous papers (1, 2), it was reported that car- 
bamazepine-l0,l l-epoxide was found in human urine 
as a metabolite of carbamazepine. The epoxide was 
isolated and identified; however, at the same time it was 
mentioned that subjection of this compound to GLC 
resulted in a degradation to another material. This 
paper reports the isolation, identification, and alterna- 
tive preparation of the degradation product. 


EXPERIMENTAL.' 


Carbnmazepine-lO,ll-epoxide-The synthesis described pre- 
viously (1) was altered to give better, consistent yields for pharma- 
ceutical requirements. 


A solution of carbamazepine (SO g., 0.21 mole) and m-chloroper- 
benzoic acid (47.4 g., 0.27 mole) in 2 1. of ethylene chloride was 


1 Melting points were determined with a Buchi ca illary a paratus 
and are uncorrected. IR spectra were obtained on a 8erkin-Eker 157 
spectrophotometer as minera! oil mulls or as liquid films. NMR spectra 
were determined with a Varian A60 or XL1OO/IS spectrometer using 
tetrameth Mane as an internal reference. Mass spectra were obtained 
on an LdB 9OOO instrument operating under the previously described 
conditions (I) .  GLC was carried out on a Carlo Erba Fractovap GI 
chromatograph usmg a 2-m. OV-17 column operating at 220" and an 
injection port temperature of 250'. 


heated under =flux with irradiation by a sun lamp (200 w.) for 3 hr. 
After cooling and washing with dilute aqueous sodium sulfite solu- 
tion and with 5 %  aqueous sodium bicarbonate, the organic phase 
was dried and evaporated. The residue was taken up in boiling 
benzene and cooled, and the precipitate collected. The crude product 
was recrystallized from ethanol to give carbamazepihe-10,ll- 
epoxide as pale-yell6w needles (16 g., 30%), m.p. 205-207" dec. 
[lit. (1) m.p. 190495"); IR (mineral oil mull): 3500-3100 (NH3, 
1675 (C=O, urea), 865 (C-0. epoxi&), 752 (CH out-of-plane 
bending) cm.-l; NMR (acetone-dimethyl sulfoxide, 2: 1): 4.38 
(s, 2H, -HC& emxide), 5.34 (broad s, 2H, CONHz), and 7.7- 
7.1 (rn, 8H, ArH). 
%Methyladdine-Diphenylamine, acetic anhydride, and anhy- 


drous zmc chloride were heated together at 190" for 5 hr. according 
to Porai-Koshits and Khaskhazov (3). Separation and crystallha- 
tion from hexane gave pure 9-mthylacridine, map. 116-118" @it. 
(4) m.p. 117-118"]; IR (mineral oil mull): 1150 (CH in-plane 
bending) and 755 (CH out-of-plane bending) cm-1. 


%AcricUnecarbo@dehyde-This was prepared according to 
Tsuge et al. (5).  9-Methylacridine (0.40 g., 2.07 mmoles), pfitrow- 
N,N-diethylanilide (0.55 g., 3.72 moles) ,  and concentrated hy- 
drochloric acid (0.1 ml.) were heated together under reflux for 2 
hr. The resulting red-brown material, m.p. 235-237" dec., was hy- 
drolyzed with 10% aqueous hg rochloric acid to yield. 9-acridine- 


(ethanol), @it. (6) m.p. 147'1; IR (mineral oil mull): 1680 (Cd, 
aldehyde), 1150 and 1040 (CH in-plane bending), and 870 and 745 
(CH out-of-plane bending) cm-1; NMR (CDC13): 8.8-7.2 (m. 8H, 
ArH) and 11.38 (s, lH, CHO). 


carboxaldehyde. as yellow need 4 es (0.1 g., 21%), m.p. 145-146" 


RESULTS AND DISCUSSION 


A clean, single-component gas chromatogram resulted from an 
ethanol solution of carbamazepine-10.1 lepoxide. The mass 
spectrum (Fig. 1) obtained by hookup to the GLC showed a molec- 
ular ion at m/e 207 (100x) and a fragmentation to give m/e 179 
(90%) corresponding to a loss of 28 atomic mass units (CO). T ~ s  
transition was confirmed by the presence of a metastable ion. Also 
present were ions at m/e 152 (15%) and 151 (17%) corresponding 
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Kinetic Assay of Single Nitroglycerin Tablets 


Keyphrases 0 Nitroglycerin (single) tablets-kinetic assay, com- 
pared to cornpendial method 0 Tablets, single nitroglycerin- 
kinetic assay, compared to cornpendial method 0 Kinetic analy- 
sis-single nitroglycerin tablets, compared to cornpendial method 


Sir: 


Current interest in the stability of nitroglycerin tablets 
( I ,  2) demonstrates the need for a simple, rapid, and 
precise single-tablet assay procedure for nitroglycerin. 
The present USP method (3) requires separation of the 
drug from potentially interfering substances by column 
chromatography followed by acid hydrolysis, which 
yields the nitrate ion, and subsequent spectrophoto- 
metric determination of nitrated phenoldisulfonic acid. 
Its complexity of manipulation does not permit this 
method to be rapid and efficient for the determination 
of nitroglycerin in  single tablets. The GC (4) and polaro- 
graphic ( 5 )  methods are accurate and specific but require 
extensive instrumentation. Simpler methods, such as 
that developed by Bell (6), are nonspecific; they can be 
subject to interference either by nitrate or nitrite ions. 


The recent accelerated research activities in nitro- 
glycerin formulations prompted us to report our pre- 
liminary data on a kinetic assay of nitroglycerin in  
tablets. This assay method is simple, rapid, and precise 
and appears to be superior to existing methods for the 
single-tablet assay of nitroglycerin. 


Nitroglycerin has no significant UV absorption above 
240 nm.; but in  alkaline solutions, it degrades oiu a 
chromophoric intermediate which exhibits an absorp- 
tion peak around 336 nm. For example, in 99% meth- 
anol and at a sodium hydroxide concentration of 0.03 
M, the appearance and disappearance of peak intensity 
at  336 nm. (Fig. 1 )  can be ascribed to A + B + C 
kinetics. The kinetic order, rate of degradation, and 
maximum peak absorbance are dependent on nitro- 
glycerin and sodium hydroxide concentrations and 
solvent composition. A detailed description of the 
kinetics and mechanism of nitroglycerin degradation in 


m 
a 


m 
2 0.2 


O * l t  


0 10 20 30 48 
hr. 


MINUTES 


Figure 1-Degradatioti of nitroglyceriri as followed by absorbance 
change at 336 nm.; [nitroglycerin] 'v 0.4 mg.13 ml. of reaction mix- 
ture; [sodium hydroxide] = 0.03 M; solvent = 99% methunol: 25". 


alcoholic sodium hydroxide solutions will be presented 
elsewhere'. 


At a constant sodium hydroxide concentration and 
solvent composition, the observed maximum absorb- 
ance at 336 nm. was found to be a linear function of 
nitroglycerin concentration. A convenient system was 
33% water in methanol and 0.033 M NaOH in the 
reaction mixture. The kinetic assay could be initiated 
either by placing 1 ml. of aqueous nitroglycerin solu- 
tion or dissolving the sublingual tablet with 1 ml. of 
water directly in a 1-cm. cell, followed by addition of 
0.05 M NaOH in methanol. The absorbance at 336 nm. 
was then followed until a maximum value was reached. 


The validity of the present assay technique was 
checked against the official USP method. Different 
quantities of nitroglycerin tablets2 and powdersY were 
dissolved in water, and the solutions were assayed simul- 
taneously by the USP and the kinetic methods. In 
the USP assay, 1-ml. aliquots of nitroglycerin solutions 
were mixed with the indicated amount of column 
material4 and applied to the column. The same volume 
of nitroglycerin solution was used in the kinetic assay. 
Figure 2 shows a plot of absorbance maximum at 336 
nm. as a function of the concentrations of nitroglycerin 
in the prepared solutions as determined by the USP 
method. The excellent linearity observed (correlation 
coefficient = 0.994 for 14 points) strongly testifies to 
the validity of the kinetic assay. 


The slight positive intercept observed in Fig. 2 was 
apparently contributed by the tablet diluent (lactose) 


1 H.-L. Fung. P. Dalecki, and C. T. Rhodes, to be published. 
* Eli Lilly & Co. 
* One part of nitroglycerin plus nine parts of lactose USP. su 


by ICl America Inc.. Atlas Chemicals Division, Wilmington. DE 
4 Celite 545. Fisher Scientific Co., Fair Lawn, N. J. 
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Figure 2-Calibration of kinetic assay against USP method using 
solutions of nitroglycerin prepared from tablets (0) andpowders (A). 


present, since a solution of lactose in the absence of 
nitroglycerin produced a similar blank reading. This 
small blank reading was constant during the time of the 
kinetic assay and did not appear to be sensitive to 
changes in lactose concentrations. Sodium nitrate and 
nitrite did not give observable absorbances under similar 
experimental conditions. 


BOOKS 


The kinetic assay described here appears to be 
specially suitable for content determination of nitro- 
glycerin in single tablets. The tablet can be placed 
directly in a 1-cm. UV cell and immediately assayed, 
with minimal requirements of manipulative steps, 
reagents, and instrumentation. Its simplicity, accuracy, 
and ready adaptability to automation strongly recom- 
mend the kinetic assay for use in the quality control 
and formulation research of nitroglycerin dosage forms. 


(1) B. A. Edelman, A. M. Contractor, and R. F. Shangraw, 
J. Amer. Pharm. Ass., NS 11,30( 1971). 


(2) R. F. Shangraw and A. M. Contractor, ibid., NS 12, 633 
(1972). 


(3) “The United States Pharmacopeia,” 18th rev., Mack Pub- 
lishingco.. Easton, Pa., 1970, p. 451. 


(4) M. T. Rosseel and M. G. Bogaert, J. Chromatogr., 64, 364 
(1972). 


(5)  B. C. Flana,J.Phurm. Sci., 58,122(1969). 
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REVIEWS 


Neurophannacdoey and Behavior. By V. G. LONGO. W. H. Freeman, 
660 Market St., Sen Francisco, CA 94104, 1972. 184 pp. 15 
x 23.5 cm. Price $6.95. 
This relatively brief book does not attempt to cover all aspects of 


psychotropic drugs. The author, by drawing on his own research in 
this field, has written a very readable and interesting book covering 
the discovery, development, and use of psychotropic drugs. It is 
divided into four chapters-Antipsychotic Drugs, Antidepressant 
Drugs, Tranquilizing Drugs, and Hallucinogenic Drugs. For the 
reader interested in a historical perspective or a good overview, this 
book is recommended. 


Stag Reoiew W 


International Drug Monitoring: The Role of National Centres. 
World Health Organization Report Series. World Health Organi- 
zation, Geneva, Switzerland. (Available from American Public 
Health Association, 1015 18th St., N.W., Washington, DC 200361, 
1972.47 pp. 16 X 24cm. Price $1.00. 
The development of systems for detecting adverse drug reactions 


has recently received increased attention. This report offers guide- 


lines on the methodology and organization of national detection cen- 
ters and the role of such national centers in an international report- 
ing system. Since resources vary from country to country, a flexible 
approach is stressed. Recommendations concerning the principal 
activities of national drug monitoring centers are given as well as 
suggestions relative to the means for carrying out these activities. 


Stoff Review 


Automation and Management in the Clinical Laboratory. Edited 
by GEORGE E. WESTLAKE and JAM= L. BENNINGTCM. University 
Park Press, Chamber of Commerce Building, Baltimore, MD 
21202,1972.274 pp. 13.5 X 20.5 cm. Price S12.50. 
Hospitals have been the subject recently of allegations of ineffi- 


ciency and wastefulness. This book represents the updated and re- 
vised proceedings of a conference, held in May 1971, on effective 
management of clinical laboratories. This meeting attempted to 
apply industrial engineering techniques to the medical laboratory. 
Individuals from laboratory management and systems design discuss 
how the principles of industrial management, accounting, and 
engineering may be used to develop greater economy, reliability, 
accuracy, and speed of delivery in the clinical laboratory. Com- 
ppterized laboratory systems are examined in terms of objectives, 
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Synthesis and Antimalarial Activity of 
Benzotrifluoride Derivatives 


JAROSLAV NOVOTNY, CAROL H. COLLINS, and FRED W. STARKS’ 


Abst~tact 0 The preparation of the potential antimalarial agents 
4,4’-bis(triffuoromethyl)stilbene, 4,4’-bis(trifluoromethyl)-~-phe- 
nykinnamic acid, and several trifluoromethyl-bearing intermediates 
is described. Use of a modified Willgerodt synthesis provided the 
best synthetic route to 4-trifluoromethylphenylacetic acid. A 
modification of the Grignard synthesis of 4trifluoromethylbenz- 
aldehyde and 1-(4-trifiuoromethylphenyl)ethanol, suitable for 
largescale preparation, is reported. 


Kqphroses 0 Benzotrifiuoride derivatives-synthesid as potential 
antimalarials 0 4,4’-Bis(trifiuoromethyl)stilbenesynthesized as 
potential antimalarial 0 4,4’-Bis(triffuoromethyl)-~-phenykin- 
namic acid-synthesized as potential antimalarial 0 Antimalarial 
agents, potential-synthesis of benzotrifluoride derivatives 


The antimalarial activity of a number of 3- and/or 6- 
trifluoromethyl-substituted phenanthrenemethanol ana- 
logs (1-4) has prompted extensive studies of one of the 
most promising, a-(2-piperidyl)-3,6-bis(trifluoro- 
methyl)-9-phenanthrenemethanol hydrochloride (1, 3, 
5). Practical largescale preparation of this and related 
compounds requires use of inexpensive starting mate- 
rials in synthetic routes amenable to scale-up. This 
article reports the preparation of several benzotri- 
fluoride derivatives useful for the preparation of the 
related phenanthrenes. The reaction sequences de- 
scribed represent new approaches to the preparation of 
these compounds. Of particular interest is a new pre- 
paration of the Grignard of 4-chlorobenzotrifluoride 
suitable to the largescale synthesis of 4-trifluoromethyl- 
benzaldehyde (I) and 1-(4-trifluoromethylphenyi)- 
ethanol (11). The aldehyde (I) is used in the preparation 
of such important antimalarial intermediates as 4,4’- 
bis(trifluoromethyl)-2‘-nitro-a-phenylcinnamic acid 
(111) (l), 4,4’-bis(trifluoromethyl)-a-phenylcinnamic 
acid (IV) (both prepared by the Perkin condensation 
of I with the appropriate phenylacetic acid), and 
4,4’-bis(trifluoromethyl)stilbene (V), prepared using 


C‘F, 
IIL: Y = NO, 
IIIb: Y = NH, 


Nu: R = H  
Ivb :  R = CH, 


CF, 
V 


the Wittig reaction of I with 4-trifluoromethylbenzyl- 
triphenylphosphonium chloride (VI). Compound IIIb 
is converted to a phenanthrene derivative by the Pschorr 
process ( I ) ,  while IVb and V have been photocyclized 
to the corresponding phenanthrenes’ (4) for subsequent 
conversion to 3,6-bis(trifluoromethy1)-9-phenanthrene 
carbinolamines (6). In addition to its use in the sequence 
herein, the ethanol (11) is a starting material for the 
preparation of 2,6-bis(4-trifluoromethylphenyl)-4-pyri- 
dinemethanol derivatives, another important family of 
antimalarial compounds (7). 


SYNTHESES 


Two routes were investigated for the preparation of the inter- 
mediate 4-tritluoromethylphenylacetic acid (VII) from khloro-  
benzotrifluoride. In one (Route B). khlorobenzotrifluoride was 
converted to the magnesium Grignard and then to Ctrifluoro- 
methylbenzaldehyde (I) (8) in 43 % yield. This was transformed into 
4-trifluoromethylbenzyl alcohol (VIII) (9) in 95% yield and then 
to 4-tritluoromethylbenryl chloride (IX) (9, 10) in 98% yield. The 
chloride (IX) was converted to 4-trifluoromethylbenzonitrile (X) 
(1 1) (66% yield). Hydrolysis of X gave the acid (VII) in 7 2 x  yield. 
The overall yield by this route is 19 %. 
4-Chlorobenzotrifluoride was chosen as initial starting material 


due to its lower cost and because of a hazard associated with the 
use of 3- (and possibly 4-) bromobenzotritluoride ( 1  2). Preparation 
of I was facilitated by use of an entrainment procedure (13) in 
tetrahydrofuran (14) to prepare the intermediate Grignard reagent’. 
As a result of this modification, the yield of Grignard reagent has 
improved from 9 %  (14) to more than 75%. Preparation of the 
Grignard and its subsequent reaction with appropriate aldehydes 
have been successfully carried out in these laboratories up to the 50- 
mole scale. 
In the conversion of IX to the nitrile (X), a 10% yield of a.fl-bid4- 


trifluoromethylpheny1)propionitrile (XIII) was formed as a side- 
product. In an attempt to prepare VIII directly from khlorobenzo- 
trifluoride. the Grignard was reacted with formaldehyde. This 
produced a 19% yield of the desired VIII and 3 5 x  of bk(4-tri- 
fluoromethylbenzy1)formal (XIV). 


In the second (and preferred) route to 4-trifluoromethylphenyl- 
acetic acid (VII) (Route A, Scheme I), the Grignard of k h l o r w  
benzotrifluoride was reacted with acetaldehyde to give 1 4 4 4 -  
fluoromethylpheny1)ethanol (11) (15) (74% yield), which was con- 
verted to 4trifluoromethylacetophenone (XI) (1 5.16) by dichrornate 
oxidation in 83 % yield. The Willgerodt reaction on XI gave a 72 % 
yield of 4-trifluoromethylphenylthioacetomorpholide (XII). This 
was hydrolyzed to the acid (VII) in 80% yield. The higher overall 
yield (35 %), the convenience of scale-up to 10 or 20 moles or more, 
and the lack of complicating side reactions make this Route A the 
preferred route to VII. 


The condensation of 4-trifluoromethylbenzaldehyde (I) with 4- 
trifluoromethylphenylacetic acid (VII) gave 4,4’-bis(trifluoro- 
methyl)-a-phenylcinnaamic acid (IVa) in 94% yield. This was con- 
verted to its methyl ester (IVb) by treatment with methanol over 
molecular sieves. 


Lar e.-le photocyclization of both IVb and V was carried out by 
Dr. R. !!rmvasan, IBM Corp. { ersonal communication) * The preparation of QulAuoromethylbenzy1magne;ium chloride 
was developed by Dr. C. E. Maxwell, Pfizer. Inc., and was communi- 
cated to the authors by Dr. Barry M. Bloom of that company. 
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RCHOHCH, (II) 


RCOCH, (XI) 


RCHO (1) ' 


-1 


4 


4 


RCH,OH (VIII) 


RCH,CI (IX)-RCH,P(C,H,h*CI- (VI) 


RCH,CN (X) 


Scheme I 


n 
R'--N 0 


U 


The 4,4'-bis(trifluoromethyl)stilbene (V) was obtained both from 
Qtrifluoromethylbenzaldehyde (I) and 4-trifluoromethylbenzyl- 
triphenylphosphonium chloride (VI) and by decarboxylation of 
1Vu. Both methods produce mixtures of the cis- and trans-isomers 
which could be separated by fractional distillation. Both isomers 
(and their mixture) give the same product, 4,4'-bis(trifluoromethyl)- 
bibenzyl (XV), on hydrogenation. 


BIOLOGICAL 


The benzotrifluoride derivatives described were tested for anti- 
malarial activity against Plasmodium berghei-infected mice by the test 
of Osdene et al. (17). None of these compounds showed antimalarial 
activitya. 


EXPERIMENTAL' 


qMflwrorne4hyl)benzeldehyde (I)-To 121.5 g. (4.998 g.-atoms) 
of magnesium turnings and 190 rnl. of dry tetrahydrofuran was 
added 14.6 g. (0.134 mole) of ethyl bromide. After the reaction 
subsided, the mixture was augmented with 1775 ml. of tetrahydro- 
furan. With stirring, a solution of 257.9 g. (2.367 moles) of ethyl 
bromide and 457.5 g. (2.534 moles) of khlorobenzotrifluoride 
was added dropwise at a rate that maintaiiied a gentle reflux; about 
3 hr. was required'. The reaction mixture was refluxed for 30 min. 
and then cooled to 30-35". While temperature was maintained, 
365.0 g. (4.994 moles) of dimethylformamide was added drop- 
wise. After being stirred at 25-30" for 2 hr. the reaction mixture 
was poured onto ice containing 238 ml. of concentrated sulfuric 
acid. The tetrahydrofuran was distilled of, and the product was 
recovered from the aqueous residue by hexane extractions. Crude 
material was distilled in WCUO, yielding 188.8 g. (43%); b.p. 68- 
70"/13 mm. Hg [lit. (8) b.p. 66-67'/13 mm. Hg]. The product was 
homogeneous to VPC; A,., (c X 10-J): 236 (11.4), 280 (1.3), and 
287 (1.2) nm. 


And-Calc .  for CaHsFJO: C, 55.18; H, 2.90; F, 32.73. Found: C, 
54.96; H, 2.82; F, 32.34. 


~ u 0 r o m e t h y l ) b e n z y I  Alcohol (VIII)-A solution of 87 g. 
(0.50 mole) of I id 100 ml. of ether was added dropwise to 7.6 g. 
(0.20 mole) of lithium aluminum hydride in 200 ml. of ether. The 
suspension was refluxed for 1 hr., cooled, hydrdyzed by the addi- 
tion of 100 ml. of water, and then filtered. The ether was removed 
from the filtrate by spinevaporation to produce an oily residue of 


J The test results were provided by the Walter Reed Army Institute of 
Research through the courtesy of Dr. T. R. Sweeney and Dr. B. T. 
Poon. 


4 All temperatures reported are uncorrected. Elemental anal ses were 
performed by Galbraith Laboratories, Inc.. Knoxville, Tenn. bPC was 
carried out using a Hewlett-Packard model 5750B, temperature pro- 
grammed at lO"/min. from 40 to 250". using a 2-m. X 3-mm. column 
packed with lO%UC-W982 on 80-100-mesh Diataport S. TLC samples 
were developed on Eastman Chromagram Sheet 6060 usmg at least 
three solvent systems for each compound. W spectra were measured 
in ethanol on a Bausch k Lomb Spectronic 505 spectrophotometer. 


5 Hooker Chemical Co. 


tbc bcnzyl alcohol suitable for further transformation, yielding 
83.5 g. (95%). Analytically pure material was obtained by distilla- 
tion in uacuo; b.p. 97'/21 mm. Hg [lit. (9) b.p. 86"/8 mm. HA. The 
product was homogeneous to VPC and TLC; X, (C x 10-1): 
257(3.2).262(3.3),and268(2.5)nm. 


Anrrl.-Calc. for GHTFJO: C, 54-55; H, 4.01; F, 32.36. Found: C, 
54.49; H, 4.10; F, 32.16. 


qmthsDI.ometbyl)benzylI chloride (IXl-To a solution of 17.6 
g. (0.100 mole) of crude VIII and 7.9 g. (0.10 mole) of pyridine in 
100 ml. of chloroform was added dropwise 15.7 g. (0.132 mole) 
of thionyl chloride. The reaction mixture was refluxed overnight, 
cooled, washed with water (3400 d.), dried, and then filtered. 
The filtrate was dried and then spin-evaporated to an oil, yielding 
19.0 g. (98%). The product was suitable for further transformation. 
Analytically pure material was obtained by distillation in WCUO; b.p. 
67'/10 mm. Hg [lit. (9, 10) b.p. 61"/8 mm. Hg]. This was h o r n  
geneous to both VPC and TLC; X, (c X 10-1): 264 (5.0) and 271 
(4.0) nm. 


Anol.--Calc. forGH~CIF~:C,49.38;H,3.11;CI, 18.22;F,29.29. 
Found: C, 49.47; H, 3.25; CI, 17.99; F, 29.42. 


~ w r o m e t h y l p b e n y l t r i l e  (X)-To a stirred suspension 
of 11.7 g. (0.239 mole) of sodium cyanide in 55 ml. of dimethyl- 
formamide at 50" was added dropwise 359 g. (0.181 mole) of IX. 
Heating was continued for 1.5 hr. The reaction mixture was coolad 
and diluted with 500 rnl. of water, and two layers resulted. This 
mixture was extracted irito ether. The ether extracts were dried and 
the ether was removed to yield a crude product, which was purified 
by distillation to yield 22 g. (66%) of X; b.p. 117-126"/14 mm. Hg 
[lit. (11) b.p. 110-112°/14 mm. Hg]. The compound crystallized on 
standing; m.p. 43-45' @it. (11) mp. 44-45"]. It was homogeneous 
to TLC; hw(c X 10-l): 256(3.2). 262(3.8), and 267 (3.2) nm. 


Anal.-Calc. for CpH6FJN: C, 58.39; H, 3.26; F, 30.78; N, 7.56. 
Found: C, 58.13; H, 3.12; F, 30.50; N, 7.49. 
1-(4-mrtuonwetaylpheayl)etbanol (-A solution of 201 g. 


(4.56 moles) of acetaldehyde in 100 ml. of dry tetrahydrofuran was 
added during 90 min. to a Grignard reagent prepared from 97.2 g. 
(4.00 moles) of khlorobenzotrifluoride as described for I. The 
crude 11 was isolated in a similar fashion and distilled in wcuo to 
yield 296 g. (74%) of product suitable for further transformation; 
b.p. 91-103'/10 mm. Hg@it. (15) b.p. 106-107"/18 mm. Hg]. 
4-(Trirluoromethyl)acetophenooe ( X I F A  solution of 426 g. 


(2.24 moles) of I1 in 610 ml. of glacial acetic acid was added in six 
portions (at 10") to 305 g. (1.04 moles) of sodiutq dichromate in 
460 ml. of glacial acetic acid. The reaction mixture was heated at 
80" for 1 hr., cooled, added to 15 1. of cold water, and then ex- 
tracted into ether (8 X 5 1.). The ether was washed with saturated 
aqueous sodium carbonate (1500 ml.) and water (2 X 3 I.), dried, 
and then filtered. The filtrate was spin-evaporated to a residue. 
The product was distilled to yield 330 g. (83x); b.p. 81-83'/10 mm. 
Hg [lit. (14, 15) b.p. 79-80"/8 mm. Hg] and further purified by 
recrystallization from 170 ml. of petroleum ether (b.p. 3060"); 
m.p. 30-31". The product was homogeneous to VPC and TLC; 
X,(e X 10-J): 233 (13.1) and 278 (1.4) nm. 


Anal.-Calc. for CeH~FJO: C. 57.45; H, 3.75; F, 30.29. Found: 
C, 57.64; H, 3.76; F, 30.20. 
4-(Trifluoromethyl)plumylthioacetomorpbolide (MI)--A mixture 


of 2171 g. (11.50 moles) of XI, 1503 g. (17.25 moles) of morpholine, 
and 550 g. (17.3 g.-atoms) of sulfur w a s  refluxed for 16 hr., cooled, 
and then poured into 2300 ml. of ethanol containing 45 ml. of 
benzene. The crystalline product which precipitated was suitable 
for further transformation, yielding 2396 g. (72%). Analytically 
pure material was obtained by recrystallization from ethanol, 
m.p. 120-120.5". The compound was homogeneous to TLC (four 
solvent systems); X,(c X 10-3: 282(14.4) nm. 


Anal.-Calc. for ClJH14FJNOS: C, 53.97; H, 4.88; N. 4.84. 
Found: C, 53.88; H, 4.92; N, 4.86. 


4-(TMuorometbyl)pbenyIacetic Add (VII)--Merhod A-A solu- 
tion of 2396 g. (8.030 moles) of XI1 in 32.4 1. of 10% aqueous po- 
tassium hydroxide was refluxed for 16 hr. The mixture was filtered, 
and the filtrate was added slowly to a cold (5 ' )  solution of 7.8 1. 
of concentrated hydrochloric acid in 32 1. of water. The resulting 
crystalline precipitate was collected and recrystallized from petro- 
leum ether (b.p. 30-60"), yielding 1300 g. (go%), m.p. 81-83" 
[lit. (11) m.p. not recorded]. The product was homogeneous to 
TLC; X,(c X 10-1): 257(2.8), 202(3.0), and 268 (2.3) nm. 


A n d . 4 l c .  for CoH7FaG: C, 52.95; H, 3.46; F, 27.92. Found: 
C, 53.14; H, 3.45; F, 28.00. 
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Method B-A mixture of 10 ml. concentrated sulfuric acid, 10 
ml. water, 15 ml. glacial acetic acid, and 10 g. (0.05 mole) of X was 
refluxed for 2 hr. and then cooled. Two layers formed which were 
saturated with ether (4 x 50 ml.). The ether extracts were dried 
and spinevaporated to yield an oil which crystallized on standing. 
Recrystallization yielded 6.9 g. (72%) of VII, m.p. 81-83". identical 
to that obtained above. 
4,4'-Bls(Mflwromethyl)-P-phenyldmamic Acid W o j T o  a 


suspension of sodium methoxide (11.6 g., 0.215 mole) in 1000 ml. of 
acetic anhydride was added, under a nitrogen atmosphere, 43.9 g. 
(0.215 mole) of V11. The solution was stirred 20 min., 25 g. (0.14 
mole) of I was added, and the mixture was stirred at 100" for 18 hr. 
While still at IOO", four portions of water were added to hydrolyze 
the acetic anhydride. During this process a crystalline product 
appeared which was collected after cooling the mixture to 20", 
yielding 48.8 g. (94%). m.p. about 140". This material contained 
mostly cis-IVa with some trans-IVa and was suitable for further 
transformation. Pure cis-IVa was obtained by chromatographing 
the mixture on silica gel with a 7:3 mixture of petroleum ether 
(b.p. 30-60") and ethyl acetate, m.p. 184-185@(1it.6 m.p. 183-186"). 
This material was homogeneous to TLC; A,, (c X 275 (1.4) 
nm. 


Anal.-Cdc. for Cl7HlaF0Ot: C, 56.68; H,  2.80; F, 31.64. Found: 
C, 56.62; H, 2.78; F, 31.73. 


Methyl 4,4'-Bis(trllluoromethyl)-a-te (IVb)--A flask 
containing 48.8 g. (0.135 mole) of crude 1Va in 250 ml. of methanol 
and 25 ml. of concentrated sulfuric acid was attached to  an ap- 
paratus (soxhlet) containing 85 g. of No. 3A molecular sieves 
immersed in lo00 ml. of methanol. After refluxing for 40 hr., the 
reaction mixture was poured into lo00 ml. of cold water containing 
66 g. of KnCOs. The mixture was extracted with ether. The ether 
extracts were washed with water, dried, and spinevaporated to a 
residue which was chromatographed on 100 g. basic alumina with 
ether as the eluate. After removing the ether, the resulting oil 
crystallized on standing, yielding 47 g. (93%). This was further 
purified by distillation in uacuo, b.p. 127-133"/0.6 mm. Hg. VPC 
and TLC revealed the presence of two isomers, with cis-IVb pre- 
dominating(VPC); X,(c X lo-'): 279(1.65)nm. 


Anal.--Calc. for ClsHI2F&: C, 57.76; H,  3.23; F, 30.46. Found: 
C, 57.80; H, 3.40; F, 30.21. 


Pure cis-1Vb was obtained by fractional distillation in uacuo, 
b.p. 141-143"/1.5 mm. Hg, followed by crystallization from hexane. 
m.p. 70-71" (1it.O m.p. 69-72'). cis-1Vb was homogeneous to VPC 
and TLC; A, (c X 277 (2.0) nm. 


Arrcrl.--Calc. foi CisHl*F&h: C, 57.76; H, 3.23; F, 30.46. Found: 
C, 57.99; H, 3.06; F, 30.28. 


4 C r r i r l u o r o r n e t h y l ) l ~ ~ ~ y l p ~ p ~ ~  Chloride ( V I t  
A mixture of 8.3 g. (43 mmoles) of IX and 11.8 g. (44.8 mmoles) 
of triphenylphosphine in 200 ml. of dry xylene was refluxed over- 
night and then cooled. The crystalline product which separated 
was filtered oIT and dried, yielding 17.3 g. (88%), m.p. 275-281" 
dec. Analytically pure material was obtained by a single recrys- 
tallization from ethanol, m.p. 283-285" dec. It was homogeneous 
toTLC; Xmu(e X 10-a): 267(3.7)and274(2.9)nm. 


Anal.--Calc. for C,OH~~CIF,P: C, 68.35; H, 4.63; F, 12.48; 
P,6.78.Found:C,68.13;H,4.74;F,12.66;P,6.79. 
4,4'-Bis(trllluoromethyl)stilbme (V)--Merhod A-To a suspen- 


sion of 21.5 g. (47.1 mmoles) of V1 under nitrogen was added 36.7 g. 
of hexane solution containing 61 mmoles of butyllithium. The 
reaction mixture was stirred for 2 hr., and then 9.9 g. (57 mmoles) of 
I was added. The suspension was stirred for 16 hr., diluted with 
petroleum ether (b.p. 30-60") (1175 ml.), filtered, and then spin- 
evaporated to an oil. Addition of 500 ml. of petroleum ether (b.p. 
30-60") precipitated the triphenylphosphonium oxide, which was 
discarded. The filtrate was spinevaporated in DOCUO, and the result- 
ing residue was distilled to give 4.8 g. (32%) of cis-V, b.p. 80-82"/2 
mm. Hg, m.p. 49-52'. rrans-V, 7.4 g. (50%), was recovered from the 
residue, m.p. 124-127". Assignment of configuration was by com- 
parison of physical properties and spectra with those of authentic 
samples of the unsubstituted stilbene isomers (18-20). Each isomer 
was homogeneous to VPC (retention time 14.2 and 16.7 min. for 
cis- and trans-V, respectively); Xw (cis) (C X 10-4): 225 (2.1) and 
280(1.3)nm.; h,(rrans)(c X 10-3: 226(1.4), 298(3.1). 308(3.2), 
and 320(2.0) nm. 


This product was also repared and characterized .by .Dr. D. W. 
Henry, Stanford Research enstitute (personal communication). 
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Anal.-Calc. for Ci,HloFI: C, 60.79; H, 3.19; F. 36.04. Found for 
cis-V: C, 60.80; H, 3.27; F, 35.85. Found for frans-V: C, 60.78; 
H, 3.14; F, 36.20. 


Method B-A stirred mixture of 20.0 g. (0.056 mole) of IVu, 70 
ml. of quinoline, and 1 g. of copper powder was refluxed (at 195") 
for 17 hr. The reaction mixture was poured into 280 ml. of 10% 
HCI and extracted into ether. The ether was removed, and the prod- 
uct mixture was chromatographed on alumina using hexane. 
Distillation under vacuum gave 9.5 g. (54x1,) of mixed cis- and 
trans-V, identified by VPC. Fractional distillation gave 0.7 g. of 
cis-V and 8.5 g. of trans-V. 


1,2-Bis(4-trllluorome&ylptmyl)etbane 0r-A mixture of cis- 
and rmns-V (6.4 g., 20 mmoles) in glacial acetic acid was hydro- 
genated for 30 min. over 400 mg. of palladium oxide. The solution 
was neutralized with 50% NaOH and extracted with ether. The 
extracts were dried and spinevaporated to a crystalline residue. 
Analytically pure material was obtained by recrystallization from 
hexane, yielding 5.2 g. (81 %), m.p. 78-79'. The product was homo- 
geneous to V P C  and TLC; A- (c X 10-3: 253 (5.3, 258 (7.0), 
263.5 (5.9), and 268.5 (3.9) nm. 


Anal.--Calc. for CIJ&F~: C, 60.38; H, 3.80; F, 35.82. Found: 
C, 60.30; H, 3.90; F, 35.61. 
rrSBis(s-tri&nwometnyIphenyl)propioniMle(XIlI)-This product 


was obtained as a by-product of the reaction to produce X from IX. 
The distillation residue was triturated with petroleum ether (b.p. 
30-60") to give a solid, which was then recrystallized twice. from 
absolute ethanol (charcoal), m.p. 78-79'. The material was homo- 
geneous to TLC. The compound was characterized by its molecular 
weight and IR and NMR spectra; X, (c X 10-2): 258 (8.4), 263 
(9.6), and 269 (7.9) nm. 


Anal.--Calc. for CirHIIFIN: C, 59.48; H, 3.63; F, 33.21; N, 
4.08. Found: C, 59.49 and 59.76; H, 3.11 and 3.16; F, 33.55; N, 
3.99. 


4 , 4 ' - B i s ( M 8 u o r o m e t b y l ~ l f ~  (XIV)-This material was 
obtained during an attempt to prepare VIII directly from khloro-  
benzotrifluoride, using paraformaldehyde on the intermediate 
magnesium Grignard. A 19% yield of the desired product, VIII. 
was obtained. Further fractionation produced XIV in 35% yield, 
b.p. 119-121 "/0.25 mm. Hg. It was homogeneous to VPC and TLC. 
The compound was identified by its IR and NMR spectra; h ,  
(e x 10-2): 257(8.0), 262(9.0),and268(7.3)nm 


Anal.-Calc. for C17H~4F60t: C, 56.05; H, 3.85; F, 31.29. Found: 
C, 56.18; H, 4.09; F. 30.99. 
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Fluorometric Estimation of Oxytetracycline in 
Blood and Plasma 


BRYAN SCALES’ and DAVID A. ASSINDER 


Abstract 0 A sensitive spectrofluorometric method was developed 
for the estimation of oxytetracycline in whole blood or plasma. The 
method involves the use of protein precipitation, solvent extraction, 
and alkaline degradation procedures. Reproducible recoveries of 
oxytetracycline are obtained by adding &meraptopropionic acid 
at various stages of the extraction procedure. Whereas the alkaline 
decomposition product of oxytetracycline fluoresces at 337/410 
nrn., the reproducibility of the assay is improved by scanning the 
fluorescence spectrum from 300 to 500 nm. This enables any varia- 
tion in background fluorescence of different samples to be estimated 
and accounted for when measuring low levels of oxytetracycline. 
The method will measure oxytetracycline to better than 0.1 mcg./ 
ml. blood or plasma and is therefore suitable for monitoring the 
blood levels obtained after a therapeutic dose. The results obtained 
in man illustrate the variability of blood level profiles of oxytetra- 
cycline following its oral administration under closely controlled 
conditions. 


Key- 0 Oxytetracycline-spectrophotofluorometric analysis 
in whole blood or plasma 0 Plasma levels, oxytetracycline-after 
oral administration in man, spectrophotofluorometric analysis 0 
Spectrophotofluorometry-analysis, oxytetracycline in whole blood 
or plasma 


~~~~ ~~ ~~ ~ 


A growing understanding of the importance of the 
blood levels of drugs and their relevance to the clinical 
evaluation makes it imperative that relatively simple 
and reliable methods are available for estimating this 
class of organic compounds in biological fluids. The 
present study started as an attempt to show biological 
equivalence, or a lack of it, in oxytetracycline hydro- 
chloride’ formulations and to correlate blood levels 
with disintegration times or dissolution times. 


Initial problems occurred in the development of a 
satisfactory analytical method for oxytetracycline in 
serum, plasma, or whole blood. Although bioassay 
techniques have been recommended and widely used 
(I), an alternative method was preferred. Estimations 


Oxytetracycline hydrochloride is the active drug substance in the 
pharmaceutical formulation Imperach, marketed by I.C.I. Ltd., Phar- 
maceuticals Division. 


by conventional polarography offered a rapid, although 
insensitive, method of analysis, and this could not be 
improved sufficiently even by the use of polarography 
(a.c.X2). The more recent colorimetric assays for tetracy- 
clines (3) also lack sensitivity. A variety of fluorescence 
methods have been reported in the literature; Hayes 
and DuBuy (4) utilized the conversion to the anhydro- 
derivative on heating in acid, folIowed by a measure- 
ment of the fluorescence intensity at alkaline pH. Ibsen 
el ul. ( 5 )  developed a method based on the increase in 
fluorescence of the oxytetracycline on chelation with 
magnesium, and Kahn (6) described its estimation in 
biological systems utilizing the extractability of fluores- 
cent calcium-barbital complexes. 


In this laboratory the reported fluorescence methods 
were largely unworkable and at best gave irreproducible 
results, probably due to photodecomposition of the 
oxytetracycline. During the investigations it was found 
that the ready decomposition which occurred during 
the various isolation stages could be most satisfactorily 
prevented by the inclusion of thiol reagents during the 
work-up procedures. This led to the development of a 
reliable, sensitive fluorometric method for the quantita- 
tion of oxytetracycline at the therapeutic levels en- 
countered in whole blood or plasma. 


EXPERIMENTAL’ 


Reagents-All hydrochloric acid solutions were prepared from 
concentrated hydrochloric acid’ for Foodstuffs Analysis grade. This 
was free from the interfering materials often added to some com- 
mercially standardized solutions to prevent bacerial growth. 


The following aqueous solutions were prepared in glassdistilled 
water: 0.1 N HCl containing /.?-rnercaptopropionic acid (1.0 mg./ 
ml.), trichloroacetic acid (30% w/v), 1.0 N NaOH, 0.02 N HCI, and 


* All fluorometric measurements were carried out usin either the 
Aminco-Bowman spectro hotofluorometer or the Hitachi h P F  2A or 
MPF 3 instruments. All grassware was cleaned preferably in Haemosol. 
rinsed in tap water, soaked overnight in 1 N HCI, and, after rinsing in 
distilled water, dried. 
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Toxicological Studies of 2-Mercaptoethanol 


KENNETH WHITE*, J. V. BRUCKNERt, and W. L. GUESS’ 


Abstract 0 The toxicity of 2-mercaptoethano1, a potential reaction 
product between residual ethylene oxide and sulfides in rubber 
medical devices sterilized by ethylene oxide, was investigated. 
This report includes LDm determinations for mice by both the 
intraperitoneal and oral routes of administration, as well as sub- 
chronic dosage studies. Both ethanol and sodium pentobarbital 
significantly decreased the acute toxicity potential of 2-mercapto- 
ethanol, although pretreatment with atropine and with a combina- 
tion of metal ions had no beneficial effects. 2-Mercaptoethanol was 
found to be more toxic to all tissues than ethanol but showed a 
marked decrease in such activity upon dilution. 


Key phrases IJ 2-Mercaptoethanol-toxicity profile Toxicity pro- 
fie-2-mercaptoethanol 0 Sterilization residues, toxic-profile of 
2-mercaptoethanol as potential reaction product between ethylene 
oxide and sulfides 0 Ethylene oxide sterilization-toxicity profile 
of 2-mercaptoethanol as potential residue 


The contemporary procedure of sterilization by 
ethylene oxide of rubber and plastic medical devices 
has provoked a number of pertinent questions as to 
potential health hazards such devices might propound. 
Bronsted et al. ( I )  demonstrated that ethylene oxide 
will react with a wide variety of nucleophilic agents, 
thus introducing the likelihood of production of reac- 
tion products from chemical contaminants in the steri- 


lized articles. One such reaction product, the extremely 
toxic chlorohydrin 2-chloroethano1, was investigated 
by Guess (2). Guess and O’Leary (3) found another 
reaction product of ethylene oxide sterilization, 242- 
hydroxyethylmercapto)benzothiazole, to be quite toxic 
to cells in culture and to mice. 


A number of rubber devices, including tracheotomy 
tubes, indwelling catheters, multidose vial stoppers, 
bottle cap liners, and gloves are commonly sterilized 
with ethylene oxide. During the vulcanization of rubber 
with sulfur, it is likely that sulfides, including hydrogen 
sulfide, are formed. The formation of 2-mercaptoethanol 
by the mechanism proposed by Bronsted e( al. (1) is 
then possible. The aforementioned medical materials 
come into both direct and indirect contact with various 
body tissues, including mucous membranes, epithelial 
and endothelial cells, muscle, and ocular tissues. 
Therefore, if these devices are to be used with safety, 
the toxic potential of any possible contapinants must 
be determined. 


A search of the literature revealed a paucity of informa- 
tion on the systemic and specific tissue toxicity of 2-mer- 
captoethanol. Finley and Carlson (4) speculated that 
the LDso by intraperitoneal injection in mice was ap- 
proximately 195 mg./kg. A patent authored by Utrumi 
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Table I-LDu Values for 2-Mercaptoethanol in Mice 


LDu. 9 5 x  Confidence 
Route mg./kg. Interval 


Intraperitoneal 322.0 2%. 5-350.9 
Oral 344.8 311 .I-374.3 


et al. ( 5 )  included an LDSo value of 0.48 mg./g. on 
intravenous administration to mice. Smyth and Car- 
penter (6) investigated the toxicity of 2-mercaptoethanol, 
although the studies were intended only as rapid, range- 
finding assessments of toxicity potential. These in- 
vestigators determined the oral range-finding LDso 
for rats to be 300 mg./kg., the topical range-finding 
LDGo for guinea pigs to be 0.3 ml./kg., a rabbit epidermal 
irritation similar to morpholine, and a rabbit corneal 
toxicity equivalent to butyl alcohol. 


2-Mercaptaethanol has enjoyed widespread academic 
interest in the biological and biochemical fields. The 
presence Qf a sulfhydryl group in the molecule por- 
tends a number of potential in oiao reactivities. Ac- 
cording to Coombs et ul. (7), 2-mercaptoethanol may 
inhibit zinc carboxypeptidase activity Diu complexation 
with zinc ions vital to enzymatic functionality. Erdos 
and Wohler (8) postulated a potentiation of action 
of bradykinin and kallidin by such a complexation 
mechanism, with resultant inhibition of the specific 
catabolizing carboxypeptidase. A number of investiga- 
tors (9-11) reported the activation of enzymes oiu re- 
duction of enzymatic 'sulfhydryl groups by 2-mercap- 
toethanol. However, as suggested by Edman et al. (9), 
higher concentrations of 2-mercaptoethanol may in- 
hibit these same enzymes by disruption of their tertiary 
protein structure. 


In view of the lack of concrete data concerning animal 
toxicity of 2-mercaptoethanol, an evaluation of various 
toxicity parameters was carried out. When pharma- 
cological effects were observed, efforts were made to 
assess the cause through tests designed to block specific 
actions or symptoms. These various tests were intended 
to elucidate the toxicity profile of the compound and 
to determine its mechanism of toxic action. 


MATERIALS AND METHODS 


Purity Detennination-2-Mercaptoethanol, with a boiling range 
of 69.S70.5O (1 57-159"F.), was obtained from a commercial 
source'. Purity of the compound was ascertained by 1R analysis 
and GC. The pH of aqueous solutions of the chemical was moni- 
tored with a pH meter'. AU dilutions were prepared with physio- 
logical saline immediately prior to administration. 


Animal Care-Rabbits (New Zealand albino males) and mice 
(Swiss-Webster albino males, 2&25 g.) were the animals of choice 
for this series of experiments. All subjects were maintained under 
constant environmental conditions, with laboratory chow* and 
water available ad libitum, except as noted in subsequent sections 
of this paper. 


LDr D e t d d o n - B o t h  oral and intraperitoneal LDs values 
for mice were determined by use of the Cornfield-Mantel (12) 
modification of the Karber method. Food was withheld from the 
oral intubation group for approximately 24 hr. before testing. The 
mice were divided into groups of 10 per dosage level, each animal 


1 J. T. Baker Chemical Co. 
2 Corning. 
J Purina. 


receiving the specified dose in a constant volume of 0.5 m1./20 g. 
body weight. All subjects were observed closely during the post- 
injection period of 24 hr. for toxic symptoms and for 14 days for 
fatalities. Survivors were also observed periodically during this time 
for delayed or progressive toxic manifestations. 


Subefmte Studies-To study the efTects of repeated exposure to 
sublethal doses of 2-mercaptoethanol, three groups of 15 mice 
each were administered the chemical intraperitoneally daily for 5 
consecutive days in each of 4 weeks. The first group received one- 
half the LDoo dose, the second one-fourth the LDu dose, and the 
third normal saline as a control. A daily record was kept of toxic 
symptoms and body weights. Several subjects from each group 
exhibiting extreme toxic manifestations were sacrificed by cervical 
fracture, and the kidneys, spleen, liver, lungs, heart, adrenals, 
pancreas, stomach, intestine, and brain of each were removed and 
weighed to yield organ-body weight ratios. Specimens of each organ 
were embedded in paraffin, sectioned, and stained with hematoxylin 
and eosin for histopathological examination. 


Prlmary Skin Irritation-The method of Draize et ul. (13), with 
certain modifications by Guess (2), was employed to evaluate ir- 
ritation by 2-mercaptoethanol upon topical application. Both 
abraded and unabraded sites of exposure on the shaved rabbit back 
were scored for extent of erythema and edema at 24 and 72 hr. 
after exposure. 


Intradennal Irritation-Evaluation of the intradermal irritation 
potential of 2-mercaptoethanol was accomplished by the technique 
utilized by Guess (2). The test solution (0.2 ml.) was injected intra- 
cutaneously into two sites on the shaved backs of two rabbits. 
Ethanol (2073 was used as a positive control, while normal saline 
served as a negative control. Toxic reactions were graded after 1 
hr. and at  24-hr. intervals thereafter on the basis of a system 
ranging from a value of +4 for extreme irritation with necrosis 
to a value of 0 for no reaction. 


Ocular Irritation-Ocular irritation was evaluated according to 
the modification of the Draize technique published in the Federal 
Register (14), utilizing the regulations and color charts included 
therein. The irritation scores of six subjects per concentration level 
were averaged to yield a primary irritation number. Evaluations of 
reaction severity were performed 1, 24. 48, and 72 hr. following 
exposure to the test solution. 


Mueosal Irritation-The irritation potential of 2-mercaptoethanol 
to penile mumsa was evaluated by the method outlined by Guess 
(2), using penile tissue of anesthetized rabbits. The test solution 
(0.2 ml.) was instilled into a well formed with peripenile tissue and 
was allowed to remain in contact with the mucosal tissue for 1 min. 
Adhering solution was not removed upon release of the well. 


RESULTS AND DISCUSSION 


The results of the LDu determination by oral and intraperitoneal 
routes are given in Table I. Previous determinations of LDM 
values by other workers resulted in the publication of varying esti- 
mates. Smyth and Carpenter (6), as previously stated, found the 
oral (range-finding) LDx, for rats to be 0.3 g./kg. However, no men- 
tion was made of whether or not the test animals were fasted prior 
to treatment. Finley and Carlson (4), estimating the L D ~ o  by 
intraperitoneal injection in mice to be approximately 195 mg./kg., 
used a peanut oil vehicle with a standard injection volume of 0.2- 
0.3 ml. The disparity in procedures of intraperitoneal administra- 
tion between the present investigation and that conducted by 
Finley and Carlson (4) may account for the difference in reported 
LDso values. The technique utilized for the present study dictated 
a standard injection volume of 0.5 m1./20 g. body weight. I t  was 
felt that this larger injection volume would minimize errors in ac- 
curately measuring amounts of active principle to be administered. 
Also, the influence a larger volume should have in increasing the 
effective area of drug absorption must be considered. One would 
expect that such an enlarged area would enhance both time of onset 
and degree of toxic manifestations. Normal saline was selected 
instead of an oil to rule out inhibition of systemic absorption of 
toxicant by the vehicle. 
Both routes of administration yielded essentially the same LDLO 


values, but the nature and onset of symptomatology varied with 
the dosage administered. Doses of 480 mg./kg. and greater killed 
within 1-2 hr. Within 30 min. of such treatment, the subjects ex- 
hibited intermittent tremors and difficulty in coordinated muscular 
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Table II-Amage Scores for Primary Irritation in the Rabbit 


Rabbit Skin0 T 


-Unabmded- -Awed- 
Compound Dilution H O U ~  Errthema Edema Erythema Edema 


2-Mercaptoethanol 


Alcohol USP 


Saline control 


Undiluted 


1 :5  


1:lO 


1 :5 


- 


24 
72 
24 
72 
24 
72 
24 
72 
24 
72 


3.3 
0.3 
1.0 
0.3 
1.0 
0.7 
0.0 
0.0 
0.0 
0.0 


2.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


3.3 
3.3 
2.7 
1 .o 
1.7 
1 .o 
1 .o 
0.0 
0.3 
0.0 


1.0 
0.7 
1.0 
0.0 
0.3 
0.0 
0.3 
0.0 
0.0 
0.0 


~ ~~ ~~~~ 


a Score (each score re r a n t s  an average of six animals): 1, barely pateptible erythema or edema; 2, wellddined erythema or edema; 3. moderate 
erythema or edema; an84, severe (beet red) erythema or edema. b The time after treatment at w h ~ h  the evaluation w u  made. 


activities. Severe clonic convulsions of long duration, accompanied 
by salivation and urination, were experienced by all subjects im- 
mediately preceding death. Death apparently resulted from convul- 
sive seizures with subsequent respiratory failure. Histopathological 
examination of specimens of brain, lung, heart, liver, kidney, spleen, 
adrenals, pancreas, intestine, and stomach from these mice revealed 
no degenerative alterations. 


With doses of less than 480 mg./kg., death was not so rapid. 
Rather, the mice slowly entered a state of deepening depression, 
terminating in coma and death in 1-3 days. During this progressive 
state, there were few voluntary movements, respiration was slowed 
and deepened, and response to externally applied pain stimuli 
was minimal. Histopathological studies of organs removed 24 
hr. after dosing mice intraperitoneally with 322 mg./kg. revealed 
minimal changes in the liver and kidneys, with no alteration of other 
tissues. Slight vacuolation of scattered hepatocytes and deposition 
of eosinophilic, amorphous material in some renal tubular lumens 
was observed. Specimensexcised after 48 hr. from mice receiving 322 
mg./kg. i.p. exhibited similar toxic manifestations, although vac- 
uolation of hepatocytes was slightly more pronounced. An addi- 
tional finding was a marked increase in hyperchromacity and mitotic 
activity of hepatocyte nuclei. 


Judging from the rapid onset and the nature of toxic responses 
elicited by higher doses of 2-mercaptoethanol, there appeared to 
be important involvement of the CNS. Since salivation and urina- 
tion were commonly observed at the higher dosage levels, investiga- 
tion of a possible cholinergic reaction mediated by the autonomic 
nervous system was initiated. Three groups of 10 mice each were 
injected intraperitoneally with 0.5 mg./kg. of atropine sulfate. 
Thirty minutes later, the first group received 500 mg./kg. of 2- 
mercaptoethanol intraperitoneally, the second 322 mg./kg. of 2- 
mercaptoethanol intraperitoneally, and the third 500 mg./kg. of 
sodium chloride intraperitoneally. No alteration in toxicity was 
evident in the first group, because each mouse exhibited extreme 
CNS stimulation with salivation, followed by convulsions termi- 
nating in death within 1.5 hr. Six mice in the second group died 
within 24 hr., while all animals in the third group lived and re- 
mained symptom free. These results suggested that some toxic 
mechanism other than a cholinergic action be suspect. 
The possibility of mediation of action oiu the cervical sympathetic 


ganglion was investigated. The mice were given 20 mg./kg. of sodium 
pentobarbital intraperitoneally, 15 min. prior to administration of 
500 mg.jkg. of 2-mercaptoethanol by the same route. A second group 
received 500 mg./kg. of 2-mercaptoethanol but no pentobarbital, 
while the third group received only 20 mg./kg. pentobarbital. All 
subjects receiving either pentobarbital-rnercaptoethanol or pento- 
barbital alone exhibited a decreased level of activity, with some 
members appearing markedly depressed. No subject in either of 
these groups experienced enhanced salivation and urination or 
convulsions or died within 12 hr. However, seven of the mice 
receiving pentobarbital-mercaptoethanol died within 24 hr. In 
contrast, mice receiving only 2-mercaptoethanol experienced the 
typical CNS stimulatory effects, each member dying within 2 hr. 


Since several investigators (7,8) proposed that 2-mercaptoethanol 
complexes with metal ions critical to various enzyme systems, an 
attempt was made to  block toxic effects mediated by such a mecha- 
nism. Twenty mice were each administered intraperitoneally the 
following dose of salts in 0.5 ml. distilled water: 4.0 mg. sodium 


chloride, 0.1 mg. potassium chloride, 0.1 mg. calcium chloride, 
0.1 mg. zinc chloride, 0.05 mg. magnesium chloride, and 0.1 mg. 
ferrous sulfate. Thirty minutes later, 10 of the mice were admin- 
istered 322 mg./kg. of Zmercaptoethanol intraperitoneally. A 
third group of 10 mice received only 322 mg./kg. of 2-mercapto- 
ethanol intraperitoneally. All subjects were then observed for 24 
hr. No mice receiving only the solution of metal ions exhibited 
toxic symptoms or died. However, members of each group treated 
with 2mercaptoethanol showed marked depression within an 
hour. Six subjects pretreated with metal ions died, while five 
animals in the group given only 2-mercaptoethanol died. These 
results suggest that the toxic effects of an LDSO dose of 2-mercapto- 
ethanol in mice are not dependent upon complexation of sodium, 
potassium, calcium, zinc, magnesium, or iron ions. 


The likelihood of metabolism of 2-mercaptoethanol to toxic 
metabolites must be considered. From a study of the metabolism 
of 2-chloroethanol. an analogous compound to 2mercaptoethanol. 
Johnson (15) suggested that the toxicity of 2-chloroethanol was 
due to oxidation to chloroacetaldehyde in target organs. Peterson 
er al. (16) reported that ethanol exerted a protective action against 
the lethal effects of 2-chloroethanol and Zfluoroethanol in rats 
and monkeys. The LDIO of 2-chloroethanol in unprotected rats was 
found to be- four times less than that for a group dosed previously 
with ethanol. These investigators concluded that, a t  present, there 
is no reason to propose the existence of more than one alcohol de- 
hydrogenase in liver. 


Based on the results of such studies, it was decided to investigate 
the protection potential of ethanol in 2-mercaptoethanol poisoning. 
One group of 10 mice was given 322 mg./kg. of 2-mercaptoethanol 
intraperitoneally. Ten other mice were pretreated with 500 mg./kg. 
of ethanol, 15 min. before administration of the 322 mg./kg. 
of 2mercaptoethanol. Animals exhibiting excessive depression in 
the latter group were given a subsequent intraperitoneal injection 
of 500 mg./kg. of ethanol during the next 12 hr. Twenty-four hours 
after dosing with Zmercaptoethanol, six mice had died in the un- 
protected group while all but one animal given ethanol-mercapto- 


Table III-Intradermal Irritation in the Rabbita 


Chemical Dilution 1 hr. 24hr. 48hr. 72 hr. 
~~ ~ ~~~ 


2-Mercapto- Undiluted 4b 4b 4’ 4’ 


1 :5 4 4b 4s 4b 
1 :10 4 4’ 4‘ 4b 
1 :50 4 4’ 3.7‘ 3.7’ 
1:100 0 2 1 0 
1 :200 0 0 0 0 


AlcoholUSP Undiluted 4 4‘ 4b 4’ 
1 :5 0 4  4 4’ 
1:lO 0 2 1 0 


Saline - 0 0 0 0 


ethanol 


control 
~~ 


0 Score (each score represents an average of two injection sites in 
two rabbits): 0, no visible reaction; I, barely perce tible erythema; 
2, well-defined e thema; 3, moderate erythema; an84. severe (@t 
red) erythema w i g  a blanched center. b Necrosls at the site of injection. 
c Necrosis at the site of injection in only one animal. 
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Table IV-Average Scores for Ocular Irritation in tbe Rabbit" 


Hours after M n j u n c t i v a -  
Compound Dilution Adnunistration Cornea Iris Chemosls Red- 


2-Merapto- Undiluted 
ethanol 


1:5 


Alcohol USP Undiluted 


1 :5 


saline control 


1 
24 
48 
72 
1 
24 
48 
72 


24 
48 
72 
1 


24 
48 
72 


1 
24 


2 
I 
1 
1 
0 
0 
0 
0 


0 
0 
0 


0 
0 
0 
0 
0 


- 


- 


3 
2 
2 
0 
1 
0.4 
0 
0 


1 
0.6 
0.5 


0 
0 
0 
0 
0 


- 


- 


3 
3 
3 
0 
0.4 
0 
0 
0 


1.5 
1.5 
0.8 


0 
0 
0 
0 
0 


- 


- 


3 
3 
3 
1 
0.6 
0.4 
0 .2  
0 


1.1 
0.6 
0.6 


0 
0 
0 
0 
0 


- 


- 


0 Score. (each score represents an avwage from six animals); scorin waa graded according to photographs and description in the Federal Register 
(14). * Results previously reported by Guess (2) were wed here since &I series of compounds waa evaluated at the aame tune. 


ethanol survived. Such results imply that ethanol may competitively 
inhibit the oxidation of 2-mercaptoethanol to toxic metabolites. 


The dependence of syrnptomatology upon dosage level lends 
support to the premise of a dual mechanism of toxicity of Zmercap 
toethanol. Toxic responses to higher concentrations of the com- 
pound are indicative of a strong CNS stimulation, possibly initiated 
by the irritating & a t  of the nonmetabolized alcohol. The onset 
of toxic reactions following i+ction of a high concentration of the 
toxicant was too rapid to allow for its significant metabolism. 
Doses of 2mercaptoethanol near and below its LD60 value produced 
strikingly different symptomatology, characteristic of CNS depres- 
sion. Such toxicity appeared bmulative. evidenced in almost all 
subjects by deepening depression with eventual coma. These 
phenomena suggest that as long as a critically high dose of 2- 
mercaptoethanol is not administered acutely, the characteristic CNS 
stimulation manifestations will not occur. Rather, the subject will 
steadily degrade the alcohol to toxic metabolites which elicit da 
pression of bodily functions. This premise is supported by the 
finding that sodium pentobarbital blocked the rapidly fatal convul- 
sivedects of Zmercaptoethanol but not the delayed lethal actions. 


Subacute toxicity studies, as outlined previously, were conducted 
to ascertain the effect of prolonged exposure to 2-mercaptoethanol. 
Seven animals died after 8 days of treatment in the group receiving 
onehalf the LD60 dose, while only two subjects receiving one- 
fourth the LDSO dose died. All mice in each group, however, suc- 
cumbed within the 4-week period. Only one death was recorded 
among the saline control animals. Symptomatology was similar 
to that noted during the low dose, acute experiments. The mice 
exhibited progressive weakness and depression with curtailed 
activity, decreased response to pain stimuli, and loss of body 
weight. Gross observation of several vital organs of these animals 
revealed no significant alterations. Histopathological examination 
of specimens of brain, heart, lung, liver, kidney, spleen, adrenals, 
pancreas, intestine, and stomach revealed only small, scattered 
foci of hepatic necrosis. Organ-body weight ratios of control and 
test animals showed no significant differences. 


It can be seen from Table I1 that undiluted Zmercaptoethanol 
was moderately irritating on topical application to both abraded 
and normal skin of rabbits. Although the irritation to normal skin 
was transient, that to abraded areas was quite long lasting. Further- 
more, primary reactions of a similar magnitude to ethanol healed 
much more quickly than those to 2-mercaptoethanol. Dilutions 
of 1:5 and 1:lO of 2-mercaptoethanol produced a moderate, 
transitory irritation in abraded skin and only a very slight reaction 
in normal skin. Edema was of little significance at any conceatra- 
tion level below 100%. It is apparent from Table I1 that 2-mer- 
captoethanol is considerably more toxic when applied topically 
than is its congener, ethanol. 


As may be noted in Table 111, a very severe reaction resulted from 
intracutaneous injection of undiluted Zmercaptoethanol. Within 


5 min. following such treatment, it became evident that a marked 
necrotic reaction would ensue. Therefore, only one rabbit was ad- 
ministered this concentration. Injection of dilutions of the toxicant 
of 1 :5, 1 : 10, and 1 :50 also produced marked inflammation with 
subsequent necrosis. After 72 hr., the slightest tendency of recovery 
was present only with the 1:50 dilution. A concentration of 1% 
2-mercaptoethanol produced a well-defined irritation only after 
24 hr. of exposure. At 72 hr. postinjection, the reaction was essen- 
tially negative. All higher dilutions of 2-mercaptoethanol elicited 
no inflammation. No systemic toxic effects were observed from this 
route of administration, although the test animal given the pure 
compound received a total dose of approximately 800 mg./kg. 


Only in undiluted form was 2mercaptoethanol markedly toxic 
to ocular tissue and surrounding mucosa. Iritis, redness, and 
chemosis were tabulated in Table IV as severe, while corneal o p a e  
ity was moderate in severity although prolonged in duration. 
Scars and opacity of the cornea were apparent 4 months after 
treatment of the single rabbit with the pure chemical. In addition 
to those toxic manifestations included in Table IV, enhanced ocular 
secretory activity and depilation were manifest. Two days after 
treatment with undiluted 2-mercaptoethanol, there was complete 
loss of hair in the periocular area. 


Pure 2-mercaptoethanol was observed to be at least twice as 
potent an ocular toxicant as 95% ethanol. However, upon dilution, 
the toxic potential of each compound decreased drastically. A 
dilution of 1:s of Zcmercaptoethanol was only slightly irritating, 
while the same concentration of ethanol elicited no inflammatory 
response. Further dilutions of Zmercaptoethanol produced no 
observable injurious effects. 


Reaction of penile mucosal tissue to 100% 2-metcaptoethanol 
was intense. Severe erythema, moderate edema, and eschar forma- 
tion were manifest 24 hr. after exposure. Due to the application 
technique, some of the pure chemical contacted the scrotum and 
was hindered from evaporating normally. Necrotic lesions d e  
veloped in these regions within 24 hr. As in the ocular mucosal 
study, a 1 : 5 dilution produced only transitory erythema and edema; 
lesser concentrations caused n o  apparent irritation. 2-Mercapto- 
ethanol-induced injuries to penile mucosal and scrotal epithelium 
healed more promptly than analogous lesions in intradermal and 
ocular tissues. No manifestations of toxicity were visible 10 days 
following application of 100% 2mercaptoethanol to penile and 
scrotal tissue. 


2-Mercaptoethanol, when present in a high enough concentra- 
tion, actively denatures cellular protein and solvates lipid. Such 
actions of alcohols have a profound effect on the structural and 
functional integrity of both tissues and cellular organelles (17, 18). 
Necrotic foci caused by Zmercaptoethanol in intradermal and in 
ocular tissues were slow to heal. Complete repair, as ascertained by 
visual examination, generally took over 1 month. This phenomenon 
of delayed healing might be anticipated because several investiga- 
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tors reported (19-21) mitotic inhibition by 2-mercaptoethanol. 
2-Mercaptoethanol is believed to exert this inhibitory &ect by 
interference with the formation of intermolecular protein linkages 
involving sulfhydryl moieties, oia either reduction of disulfide 
bonds and/or competition with protein - S H  for sites at which in- 
termolecular bonds are formed. 


SUMMARY 


This study delineates the toxicity profile of 2-mercaptoethanol 
in a variety of exposure situations. The major findings include: 


1. LDso values for mice by both oral and intraperitoneal routes 
of administration were determined and found to be 322.0 mg./kg. 
(i.p.) and 344.8 mg./kg. (oral). 


2. 2Mercaptoethanol appeared to exert its toxic effects oia a 
dual mechanism, dependent upon dosage level. Higher doses pro- 
duced severe toxic effects within minutes, characteristic of CNS 
stimulation. However, doses near and below the LDro elicited 
marked depression, possibly resulting from metabolism to toxic 
metabolites. 


3. Although atropine sulfate did not inhibit the CNS.stimulatory 
efects of 2-mercaptoethanol, sodium pentobarbital was quite ef- 
fective in this respect. 


4. The systemic toxicity of 2-mercaptoethanol did not appear to 
result from complexation of potassium, calcium, zinc, magnesium, 
or iron ions. 


5. Concurrent administration of ethanol and 2-mercaptoethanol 
significantly reduced the toxicity of the latter, lending credence to 
the concepts of metabolism of each via the same enzymatic pathway 
and to metabolism of 2mercaptoethanol to toxic metabolites. 


6. Exposure to low levels of 2mercaptoethanol for 4 weeks pro- 
duced progressive loss of body weight and deepening depression 
followed by death. 


7. 2-Mercaptoethanol was only slightly irritating upon topical 
application to normal skin but elicited quite severe reactions on 
exposure to abraded and intracutaneous tissues. 


8. Mucous membranes were extremely sensitive to the irritant 
effects of undiluted Zmercaptoethanol, although a rapid decline in 
toxicity occurred upon dilution of the alcohol. 


9. %Meraptoethanol was, in every instance, more toxic to tissues 
than was ethanol. 
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work is analogous to the work of Piccolo and Tawashi (9, who 
found that at low concentrations of some dyes. inhibition occurred 
to smgle crystal dissolution of a number of drugs. 


SUMMARY AND CONCLUSIONS 


In the presence of be-nzoic acid, both the dissolution rate and 
equilibrium solubility of sulfamethazine were suppressed. The phe- 
nomenon was attributed to the adsorption-of benzoic acid on the 
sulfonamide particles. The inhibition of sulfamethazine dissolution 
was only shown when the sulfonamide particles were saturated by 
benzoic acid. Due to the protective effect of polyvinylpyrrolidone, 
as low as 5 mg. of the polymer prevented the adsorption of ben- 
zoic acid and, consequently, its suppressive d e c t  on sulfamethazine 
dissolution. 
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Identification of a Rearranged Degradation 
Product from Carbamazepine-l0,ll-epoxide 


K. M. BAKER, A. FRIGERIO', P. L. MORSELLI, and G. PIFFERI* 


Abstract Carbamazepine-lO,llepoxide, a metabolite of carbam- 
azepine found in human urine, undergoes a rearrangement and 
degradation to 9-acridinearboxaldehyde during GLC. 


Keyphraees 0 Carbamazepine-10,l l-epoxide-identification of 
GLC degradation product as 9-acridinecarboxaldehyde 0 9- 
Acridinecarboxaldehyde-identified as carbamazepine-lO,l l-epox- 
ide GLC rearrangement product, synthesis, physical-chemical 
properties 


In previous papers (1, 2), it was reported that car- 
bamazepine-l0,l l-epoxide was found in human urine 
as a metabolite of carbamazepine. The epoxide was 
isolated and identified; however, at the same time it was 
mentioned that subjection of this compound to GLC 
resulted in a degradation to another material. This 
paper reports the isolation, identification, and alterna- 
tive preparation of the degradation product. 


EXPERIMENTAL.' 


Carbnmazepine-lO,ll-epoxide-The synthesis described pre- 
viously (1) was altered to give better, consistent yields for pharma- 
ceutical requirements. 


A solution of carbamazepine (SO g., 0.21 mole) and m-chloroper- 
benzoic acid (47.4 g., 0.27 mole) in 2 1. of ethylene chloride was 


1 Melting points were determined with a Buchi ca illary a paratus 
and are uncorrected. IR spectra were obtained on a 8erkin-Eker 157 
spectrophotometer as minera! oil mulls or as liquid films. NMR spectra 
were determined with a Varian A60 or XL1OO/IS spectrometer using 
tetrameth Mane as an internal reference. Mass spectra were obtained 
on an LdB 9OOO instrument operating under the previously described 
conditions (I) .  GLC was carried out on a Carlo Erba Fractovap GI 
chromatograph usmg a 2-m. OV-17 column operating at 220" and an 
injection port temperature of 250'. 


heated under =flux with irradiation by a sun lamp (200 w.) for 3 hr. 
After cooling and washing with dilute aqueous sodium sulfite solu- 
tion and with 5 %  aqueous sodium bicarbonate, the organic phase 
was dried and evaporated. The residue was taken up in boiling 
benzene and cooled, and the precipitate collected. The crude product 
was recrystallized from ethanol to give carbamazepihe-10,ll- 
epoxide as pale-yell6w needles (16 g., 30%), m.p. 205-207" dec. 
[lit. (1) m.p. 190495"); IR (mineral oil mull): 3500-3100 (NH3, 
1675 (C=O, urea), 865 (C-0. epoxi&), 752 (CH out-of-plane 
bending) cm.-l; NMR (acetone-dimethyl sulfoxide, 2: 1): 4.38 
(s, 2H, -HC& emxide), 5.34 (broad s, 2H, CONHz), and 7.7- 
7.1 (rn, 8H, ArH). 
%Methyladdine-Diphenylamine, acetic anhydride, and anhy- 


drous zmc chloride were heated together at 190" for 5 hr. according 
to Porai-Koshits and Khaskhazov (3). Separation and crystallha- 
tion from hexane gave pure 9-mthylacridine, map. 116-118" @it. 
(4) m.p. 117-118"]; IR (mineral oil mull): 1150 (CH in-plane 
bending) and 755 (CH out-of-plane bending) cm-1. 


%AcricUnecarbo@dehyde-This was prepared according to 
Tsuge et al. (5).  9-Methylacridine (0.40 g., 2.07 mmoles), pfitrow- 
N,N-diethylanilide (0.55 g., 3.72 moles) ,  and concentrated hy- 
drochloric acid (0.1 ml.) were heated together under reflux for 2 
hr. The resulting red-brown material, m.p. 235-237" dec., was hy- 
drolyzed with 10% aqueous hg rochloric acid to yield. 9-acridine- 


(ethanol), @it. (6) m.p. 147'1; IR (mineral oil mull): 1680 (Cd, 
aldehyde), 1150 and 1040 (CH in-plane bending), and 870 and 745 
(CH out-of-plane bending) cm-1; NMR (CDC13): 8.8-7.2 (m. 8H, 
ArH) and 11.38 (s, lH, CHO). 


carboxaldehyde. as yellow need 4 es (0.1 g., 21%), m.p. 145-146" 


RESULTS AND DISCUSSION 


A clean, single-component gas chromatogram resulted from an 
ethanol solution of carbamazepine-10.1 lepoxide. The mass 
spectrum (Fig. 1) obtained by hookup to the GLC showed a molec- 
ular ion at m/e 207 (100x) and a fragmentation to give m/e 179 
(90%) corresponding to a loss of 28 atomic mass units (CO). T ~ s  
transition was confirmed by the presence of a metastable ion. Also 
present were ions at m/e 152 (15%) and 151 (17%) corresponding 
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Figure 1-Mass spectra of carbamazepine-l0,11-epoepoxide. Key: upper panel, direct in the system (DZS); andlowerpad, GLC. 


to dibenzocyclobutane (loss of HCN from m/e 179. the acridinium 
ion). 
9-Acridinecarboxaldehyde was proposed for this material. For 


confirmation, the compound w8s isolated from the GLC column 
DSO a splitter, Yellow needles, m.p. 138-139", were obtained @it. (6) 
m.p. 147 "I. 


The authentic material prepared was yellow needles, m.p. 
145-146" (see Experimental). Comparison with the rearranged 
material proved that they were identical. Both showed the same 
retention time on G E ,  the same U V  maximum (264 nm. in 
methanol), and identical mass spectra. 


A mechanism rationalizing the rearrangement is shown in 
Scheme 1. The process is probably catalyzed by the slightly acidic 
column at high temperature, and then the intermediate imide de 
cumposes to give the much more stable, completely arbmatic 
system, 9-acridinecarboxddehyde. - 


It is possible that.the rearrangement could take place in a bio- 
logical system and, thepfore, 9-acridinecarboxaldehyde would be 
found as a metabolite of carbamazepine. Steps are in progress at 
the moment to determine if this is indeed so. 


The result indicates the care that must be taken in identifLing 
drug metabolites. In many cases the quantities available for identi- 
fication may be very small and GLC-mass spectrometry must be 


used, but alternative methods should be employed in conjunction 
wherever possible to check that no rearrangements or degradations 
take place during one of the physical measurements. 
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Figure 2-Calibration of kinetic assay against USP method using 
solutions of nitroglycerin prepared from tablets (0) andpowders (A). 


present, since a solution of lactose in the absence of 
nitroglycerin produced a similar blank reading. This 
small blank reading was constant during the time of the 
kinetic assay and did not appear to be sensitive to 
changes in lactose concentrations. Sodium nitrate and 
nitrite did not give observable absorbances under similar 
experimental conditions. 


BOOKS 


The kinetic assay described here appears to be 
specially suitable for content determination of nitro- 
glycerin in single tablets. The tablet can be placed 
directly in a 1-cm. UV cell and immediately assayed, 
with minimal requirements of manipulative steps, 
reagents, and instrumentation. Its simplicity, accuracy, 
and ready adaptability to automation strongly recom- 
mend the kinetic assay for use in the quality control 
and formulation research of nitroglycerin dosage forms. 
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REVIEWS 


Neurophannacdoey and Behavior. By V. G. LONGO. W. H. Freeman, 
660 Market St., Sen Francisco, CA 94104, 1972. 184 pp. 15 
x 23.5 cm. Price $6.95. 
This relatively brief book does not attempt to cover all aspects of 


psychotropic drugs. The author, by drawing on his own research in 
this field, has written a very readable and interesting book covering 
the discovery, development, and use of psychotropic drugs. It is 
divided into four chapters-Antipsychotic Drugs, Antidepressant 
Drugs, Tranquilizing Drugs, and Hallucinogenic Drugs. For the 
reader interested in a historical perspective or a good overview, this 
book is recommended. 


Stag Reoiew W 


International Drug Monitoring: The Role of National Centres. 
World Health Organization Report Series. World Health Organi- 
zation, Geneva, Switzerland. (Available from American Public 
Health Association, 1015 18th St., N.W., Washington, DC 200361, 
1972.47 pp. 16 X 24cm. Price $1.00. 
The development of systems for detecting adverse drug reactions 


has recently received increased attention. This report offers guide- 


lines on the methodology and organization of national detection cen- 
ters and the role of such national centers in an international report- 
ing system. Since resources vary from country to country, a flexible 
approach is stressed. Recommendations concerning the principal 
activities of national drug monitoring centers are given as well as 
suggestions relative to the means for carrying out these activities. 


Stoff Review 


Automation and Management in the Clinical Laboratory. Edited 
by GEORGE E. WESTLAKE and JAM= L. BENNINGTCM. University 
Park Press, Chamber of Commerce Building, Baltimore, MD 
21202,1972.274 pp. 13.5 X 20.5 cm. Price S12.50. 
Hospitals have been the subject recently of allegations of ineffi- 


ciency and wastefulness. This book represents the updated and re- 
vised proceedings of a conference, held in May 1971, on effective 
management of clinical laboratories. This meeting attempted to 
apply industrial engineering techniques to the medical laboratory. 
Individuals from laboratory management and systems design discuss 
how the principles of industrial management, accounting, and 
engineering may be used to develop greater economy, reliability, 
accuracy, and speed of delivery in the clinical laboratory. Com- 
ppterized laboratory systems are examined in terms of objectives, 
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Fluorometric Estimation of Oxytetracycline in 
Blood and Plasma 


BRYAN SCALES’ and DAVID A. ASSINDER 


Abstract 0 A sensitive spectrofluorometric method was developed 
for the estimation of oxytetracycline in whole blood or plasma. The 
method involves the use of protein precipitation, solvent extraction, 
and alkaline degradation procedures. Reproducible recoveries of 
oxytetracycline are obtained by adding &meraptopropionic acid 
at various stages of the extraction procedure. Whereas the alkaline 
decomposition product of oxytetracycline fluoresces at 337/410 
nrn., the reproducibility of the assay is improved by scanning the 
fluorescence spectrum from 300 to 500 nm. This enables any varia- 
tion in background fluorescence of different samples to be estimated 
and accounted for when measuring low levels of oxytetracycline. 
The method will measure oxytetracycline to better than 0.1 mcg./ 
ml. blood or plasma and is therefore suitable for monitoring the 
blood levels obtained after a therapeutic dose. The results obtained 
in man illustrate the variability of blood level profiles of oxytetra- 
cycline following its oral administration under closely controlled 
conditions. 


Key- 0 Oxytetracycline-spectrophotofluorometric analysis 
in whole blood or plasma 0 Plasma levels, oxytetracycline-after 
oral administration in man, spectrophotofluorometric analysis 0 
Spectrophotofluorometry-analysis, oxytetracycline in whole blood 
or plasma 


~~~~ ~~ ~~ ~ 


A growing understanding of the importance of the 
blood levels of drugs and their relevance to the clinical 
evaluation makes it imperative that relatively simple 
and reliable methods are available for estimating this 
class of organic compounds in biological fluids. The 
present study started as an attempt to show biological 
equivalence, or a lack of it, in oxytetracycline hydro- 
chloride’ formulations and to correlate blood levels 
with disintegration times or dissolution times. 


Initial problems occurred in the development of a 
satisfactory analytical method for oxytetracycline in 
serum, plasma, or whole blood. Although bioassay 
techniques have been recommended and widely used 
(I), an alternative method was preferred. Estimations 


Oxytetracycline hydrochloride is the active drug substance in the 
pharmaceutical formulation Imperach, marketed by I.C.I. Ltd., Phar- 
maceuticals Division. 


by conventional polarography offered a rapid, although 
insensitive, method of analysis, and this could not be 
improved sufficiently even by the use of polarography 
(a.c.X2). The more recent colorimetric assays for tetracy- 
clines (3) also lack sensitivity. A variety of fluorescence 
methods have been reported in the literature; Hayes 
and DuBuy (4) utilized the conversion to the anhydro- 
derivative on heating in acid, folIowed by a measure- 
ment of the fluorescence intensity at alkaline pH. Ibsen 
el ul. ( 5 )  developed a method based on the increase in 
fluorescence of the oxytetracycline on chelation with 
magnesium, and Kahn (6) described its estimation in 
biological systems utilizing the extractability of fluores- 
cent calcium-barbital complexes. 


In this laboratory the reported fluorescence methods 
were largely unworkable and at best gave irreproducible 
results, probably due to photodecomposition of the 
oxytetracycline. During the investigations it was found 
that the ready decomposition which occurred during 
the various isolation stages could be most satisfactorily 
prevented by the inclusion of thiol reagents during the 
work-up procedures. This led to the development of a 
reliable, sensitive fluorometric method for the quantita- 
tion of oxytetracycline at the therapeutic levels en- 
countered in whole blood or plasma. 


EXPERIMENTAL’ 


Reagents-All hydrochloric acid solutions were prepared from 
concentrated hydrochloric acid’ for Foodstuffs Analysis grade. This 
was free from the interfering materials often added to some com- 
mercially standardized solutions to prevent bacerial growth. 


The following aqueous solutions were prepared in glassdistilled 
water: 0.1 N HCl containing /.?-rnercaptopropionic acid (1.0 mg./ 
ml.), trichloroacetic acid (30% w/v), 1.0 N NaOH, 0.02 N HCI, and 


* All fluorometric measurements were carried out usin either the 
Aminco-Bowman spectro hotofluorometer or the Hitachi h P F  2A or 
MPF 3 instruments. All grassware was cleaned preferably in Haemosol. 
rinsed in tap water, soaked overnight in 1 N HCI, and, after rinsing in 
distilled water, dried. 


J British Drug Houses. 
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Figure 1-Fluorescence spectra of low and high background extracts 
of oxytetracycline obtained from control and spiked whole blood. 


a citrate-phosphate b u l k  prepared by diluting a mixture of 0.5 M 
citric acid (30.7 ml.) and 1.0 M disodium hydrogen phosphate (19.3 
ml.) to 100 rnl. 


The organic solvents required were ether, freshly distilled ethyl 
acetate, and a solution of fl-mercaptopropionic acid (SO mg./ml.) in 
methanol. 


Standard Solu t idxyte t racyc l ine  hydrochloride was dis- 
solved at 1.00 mg./ml. in 0.1 N HCl contaiping 8-mercaptopropionic 
acid (1 mg./ml.). This solution was then diluted 100- and 1000-fold, 
using the same solvent mixture, to give solutions of 10.0 and 1.00 
mcg./ml., respectively. 


Spedrolluorometrlc Detenninetion of Oxytetracycline in Blood 
or Plasma-Into a 10-ml. glass-stoppered tube were placed 1.0 ml. 
whole blood or plasma, 1.0 ml. water, 1.0 ml. 0.1 N HCI containing 
8-mercaptopropionic acid (1 .O mg./ml.), and 1 .O ml. trichloroacetic 
acid (30% w/v). The mixture was thoroughly shaken for 5 min. 
and centrifuged for 10 min. at 2ooo r.p.m. (ISOOXg), and a 3.0-ml. 
aliquot of the supernate was placed in a 50-ml. tube. The trichloro- 
acetic acid was extracted by shaking with 2 X 10-ml. portions of 
ether; after the last traces of ether had been aspirated, the pH of 
the aqueous phase was adjusted to 4.0 by the addition of 0.10 ml. 
1.0 N NaOH and 0.60 ml. citrate-phosphate buffer. This buffered 
aqueous phase was extracted with 15.0 ml. ethyl acetate. After 
centrifugation, a 14.0-ml. aliquot was transferred to a tube con- 
taining 0.10 ml. of a methanol solution of fl-mercaptopropionic 
acid (SO mg./ml.) and evaporated to dryness at  60" in a stream of 
dry nitrogen. 
The residue obtained was dissolved in 3.0 ml. 0.02 N HCI, and the 


solution was made alkaline by the addition of 0.5 ml. 1.0 N NaOH 
prior to heating in a boiling water bath for IS min. to develop the 
maximum fluorescence. The fluorescence intensity of the cooled 
solution was determined over the 300-SOO-nm. range while exciting 
at  the peak activation wavelength of 337 nm. (Fig. 1). 


Calibration Curves-Two types of calibration curves were con- 
structed to aid in the development of the method and to  check the 
recovery during routine analysis. 


Standard Calibration Curoes for Extracted Oxytetracycline- 
Aliquots of the standard solutions of oxytetracycline (10.0 and 1.00 


50 , Activation 337nm. 


0 ' 1  2 
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Figure 2-Calibration curves obtained from the low and high back- 
ground extracts illustrated in Fig. 1. 


mcg./ml.) were added to the mixture of 1.0 ml. biological fluid and 
1.0 ml. watet. The volume was increased to 3.0 ml. where necessary 
by the addition of 0.1 N HCI containing fl-mercaptopropionic acid; 
1.0 ml. trichloroacetic acid (3OX w/v) was then added and the 
samples were taken through the full extraction and fluorescence 
development procedure already described. Such a standard curve 
was prepared with every batch of samples to be analyzed. 


Calibration Curws for Oxytetracycline AaVed to Extracts of Blood 
or Plasma-Samples of whole blood or plasma that were. free from 
oxytetracycline were taken through the full extraction procedure. 
After evaporation of the ethyl acetate extracts to dryness, standard 
solutions of oxytetracycline (0.D-10.0 mcg.) were added to the 
residue. Then 3.0 ml. 0.02 N HCI was added to dissolve the residue, 
the solution was made alkaline, and the fluorescence was developed 
as already described. 


Preparation of Oxytetracycline Solution for Oral AdmhWation- 
Solutions of oxytetracycline sufficient for a single oral dose were 
prepared by dissolving a mixture of oxytetracycline hydrochloride 
(500 mg.) and ascorbic acid (2.30 g.) in 20.0 ml. distilled water in 
screw-capped vials. The proportion of these two components was 
similar to that used in intravenous formulations4. The solution was 
administered within 15 min. of preparation. 


Administration and Blood Sampling-Normally healthy male 
volunteers were fasted for at least 10 hr. prior to, and 3 hr. after, 
the dose of oxytetracycline (500 mg.), which was taken at about 
9 :00 a.m. Any formulation remaining in the vials was washed out 
and swallowed with at least 60 ml. water. 


Venous blood (8.0 ml.) was taken and oxalated at the times shown 
in the figures, usually at 0, 1, 2, 3, 5, 7, and 24 hr. When plasma 
samples were required, the blood was centrifuged and the plasma 
separated, usually within 30 min. of being obtained. 


One week elapsed between subsequent doses to each volunteer, 
ensuring that plasma levels had fallen well below the limits of de- 
tection. All samples were assayed in duplicate, the second assay 
being carried out 1-5 days after the first assay. 


RESULTS AND DISCUSSION 


Development of Method-Once it had been established that the 
fluorescence intensity of the alkaline oxytetracycline solution was 
sufficient to permit the detection of oxytetracycline at levels of 
0.01 mcg./ml. of Anal solution, it became a relatively simple task to 
develop the extraction technique and eliminate or control unreliable 


4 Pfizer. 
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Figure SCuIibration curoes obtained for oxytetmcycline extracted 
from spiked whole blood and plasma. Points are those accumulated 
over a 2-month period. The lines show the extremes in slopes obtained 
during this time. 


stages. This was done most expediently by examining the latest 
stages first. Thus, it was found that the simple evaporation of solu- 
tions of oxytetracycline in ethyl acetate (1 mcg. in 15 ml.) was suffi- 
cient to destroy all oxytetracycline. This effect was presumably 
due in part to photodecomposition since, when the evaporation 
was carried out in darkness, a 20-45oj, recovery was usually ob- 
tained. The addition of antioxidants such as 8-mercaptoethanol and 
8-mercaptopropionic acid resulted in a 98-100% recovery of oxy- 
tetracycline from the solvent. Ascorbic acid could not be used be- 
cause of the production of fluorescent impurities during treatment 
of the residue with alkali. 


The use of hydrochloric acid free from metallic antibacterials was 
essential, since their presence led to a large and variable reduction 
(5-Sfold) in fluorescence of the oxytetracycline. 


The trichloroacetic acid precipitation of protein and the removal 
of excess trichloroacetic acid by ether extraction prior to pH adjust- 
ment are advisable, since these procedures helped to reduce the 
background fluorescence to acceptable levels. The extraction of 
excess trichloroacetic acid also simplilies the problem of pH adjust- 
ment to 4.0 prior to the extraction of oxytetracyche into the ethyl 
acetate. 
The addition of highex concentrations of hydrochloric acid to 


the whole blood or plasma prior to protein precipitation did not 
increase the recovery of oxytetracycline; and since the recovery was 
virtually the same from whole blood, plasma, and water, it is pre- 
sumed that the standardized conditions were adequate to prevent 
any absorption and losses due to protein binding. 


The assay was also carried out on a number of occasions using 
4.0 ml. whole blood. The stages up to that of pH 4.0 adjustment were 
scaled up proportionately; the volume of ethyl acetate used for the 
oxytetracycline extraction was doubled, but subsequent stages were 
unchanged. As expected, the background contamination was &ghtly 
increased, but the method could still be used to detect 0.1 mg. OXY- 
tetracycline in the 4.0-ml. sample, This largescale method was not 
used because it was more cumbersome and time consumhe, and the 
sensitivity of the assay based on a 1-ml. sample was perfectly ade- 
quate. 


Stability of Oxytetracydne in Whole Blood and Plsrrmn--The 
stability was checked by spiking samples of the fluids, as in the 
preparation of calibration curves, and storing at 0-4" or at room 
temperature for up to 3 weeks prior to assaying. There was no 
distinction between calibration curves prepared from Ereshly 
spiked and from stored samples. The stability of OxytetraCyCline 
in whole blood or plasma was also independent of the presence of 


TpMe I--cOmparison of Plasma Level Profiles after 
Oral Administration of 500 mg. Oxytetracycline Hydrochloride 
in Solution to Four Subjects (see Fig. 4) 


Dose Maximum Area under - (0-7 2 weight, se- Plasma 
Subject kg. quence Lml, mg./ml. hr. x mg./ 


M.B.C. 58.0 1 2.95 
2 2.71 
3 2.46 


Mean f SD 2.71 i 0.24 
D.A.A. 65.8 1 1.22 


2 2.46 
3 2.00 


Mean i SD 1.89 f 0.63 
A.J.W. 72.5 1 2.10 


2 3.40 
3 2.06 


Mean i SD 2.52 i 0.76 
D.M.F. 86.6 1 1.58 


2 1.46 - -. .~ 


3 1.31 
Mean f SD 1.45 f 0.14 


Overall 2.14 
mean 


17.4 
14.4 
14.8 
15.53 f 1.63 
5.8 
8.0 


11.6 
8.47 f 2.93 


12.4 
15.2 
10.8 
12.80 i 2.23 
9.0 
7.1 
7.3 
7.80 f 1.04 


11.15 


B-mercaptopropionic acid, although it was invariably added during 
routine assays since it was present in the standard aqueous solu- 
tions used for spiking samples. 


Further evidence for the stability of oxytetracycline in the bio- 
logical samples was obtained when carrying out replicate assays of 
unknown samples. Identical results weee obtained when the replicate 
assays were carried out over a 2-week period. 
Fluorescence Spectrum of Oxytetracydiw and Its Quantitative 


Interpretation-The fluorescence spectra of extracts of whole blood 
containing 0.00,0.20, and 0.50 mcg. oxytetracycline/ml. are shown 
in Fig. 1. For the majority of samples, the background fluorescence 
due to the Raman spectrum and to tissue impurities is low. In 
this case, the calibration curves obtained by plotting total fluores- 
c e ~  intensity at 410 11111. Dersus oxytetracycline concentration are 
quite acceptable, although there is a positive fluorescence blank 
value equivalent to about 0.25 mcg. oxytetracydioe/ml. blood. Occa- 
sionally, the background scatter isincreased due to poor sample prep 
aration or to aging of the biological sample. In these circumstances, 
the use of such samples would normally be unacceptable in the 
analytical procedure. The value of scanning the full fluorescence 
spectrum rather than reading the fluorescence at a selected wave- 
length lies in the fact that this enables the background contribution 
of each sample to be estimated from the scan. On measuring the 
background fluorescence of blank samples, the fluorescence in- 
tensity of the valley at 365 nm. is equivalent to that at 410 nm. 


The equivalence of fluorescence intensity of blank samples at the 
valley and 410 nm. is independent of the instrument and of the 
bandpass used in the excitation and fluorescence monochromators. 
For these reasons, a more accurate method of estimatiag fluores- 
cence intensity due to oxytetracycline in any sample is to measure 
the peak height at 410 nm. above the valley at 365 nm. An example 
of one of the worst cases of a high background due to poor sample 
preparation is shown in Fig. 1, and even in this case the backwound 
is only equivalent to -0.025 mcg. oxytetracycline/ml. blood when 
calculated by this difference method. In general, calibration 
curves prepared by t h i s  method (Fig. 2) have a blank value which 
falls within the range of 0.00 f 0.02 mcg. oxytetracycline/ml. 
biological sample. 


Sourcee of VariWty in Analysis--Tbe day-today variation in 
overall extraction efficiency of oxytetracycline (42 f 2%) and in 
instrument sensitivity was quite small. The individual points from 
extracted calibration curves obtained from whole blood and plasma 
over 2 months6 are accumulated in Fig. 3. Also illustrated are the 


The Hitachi MPP 2A was used. 
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Figure 4-Plasma level curoes of oxytetracycline in four dunteers fdlowing the oral administration of a solution of 500 mg. oxytetracycline 
hydrochloride. 


extremes of slopes encountered during this period of routine as- 
says. It was not necessary to adjust instrument sensitivity during 
the analytical runs, although this could have been done by use of 
fluorescence standards. The only instrument checks carried out 
during routine use were that the activation wavelength was cor- 
rectly set at the optimum of about 337 nm. and that the activation 
and fluorescence slits were each set for a bandpass of 8 nm. 
The slight fluctuations in slope (Fig. 3) encountered over a 2- 


month period were usually caused by the necessary periodic re- 
newal of extraction solvents and reagents. For this reason it was 
preferred to calculate the concentration of oxytetracycline in the 
biological samples by direct application of the calibration curve 
from extracted spiked blood samples, rather than to rely solely on 
calculations based on a 4 2 z  extraction efficiency and a nonex- 
tracted standard curve. 


TnMe Il-Analysis of Variance of Data in Table I 


Degrees 
of 


source of Free- Sum of Mean 
Variation dom Squares Square F-Ratio 


Maximum Plasma Level 
Between subjects 3 3.01 1 .oo 3.80" 
Within subjects 8 2.11 0.26 


Between subjects 3 121.08 40.36 
Within subjects 8 34 .55  4.32 


- 
Area under Curve 


9.34' - 


a Marginally significant ( p  < 0.1). *Highly significant (p < 0.01). 
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Plasma Levels after Oral Dosing-The solution was administered 
to four fasted male volunteers on three separate occasions at weekly 
intervals. The results of the plasma level analyses are given for 
each volunteer in Fig. 4. All samples were assayed in duplicate, 
and agreement was better than =t4% for levels above 1.2 mcg./ml. 
and better than +8z for levels in the 0.2-1.2-mcg./ml. range. The 
drug appears to be fairly rapidly absorbed, with peak plasma levels 
being achieved between 2 and 3 hr. after dosing, and by 24 hr. 
the level had fallen to about 23 i 2% of the peak value in all sub- 
jects. The absence of measured plasma levels in the 7-24-hr. period 
permits only a rough estimate of the plasma half-life, which in these 
volunteers probably falls in the 8-10-hr. range; this compares 
favorably with the literature value of 9.2 hr. (7). 


The most disconcerting observation in this brief study was that 
although attempts were ma& to obtain reproducible plasma level 
profiles by: ( a )  administering the oxytetracycline in a form free from 
complications of variable disintegration and dissolution rates, and 
(b) minimizing disturbances in absorption due to variations in the 
contents of the GI tract, the results showed that this had not been 
achieved. 


Any assessment of the reproducibility of plasma level profiles in 
one individual should include inter alia a comparison of the times to 
attain the peak level, the actual level achieved at the peak, and the 
area under the curve (hr. X mg. /d . )  over a chosen period of time. 
The peak plasma levels that occurred reproducibly at  from 2 to 3 hr. 
after dosing and the area under the curves for the 0-7-hr. period are 
listed in Table I. Although the number of subjects was small and the 
within-subject variability was occasionally high, the results of the 
analysis of variance for these two parameters (Table 11) show that 
there are significant differences between individuals with respect to 
their plasma level profiles. 







The variability encountered in the plasma level profiles of any 
one individual was not an artifact due to changes in protein binding 
since, unlike mcrobiological assay techniques, the present fluoro- 
metric method measures total oxytetracycline. Neither was the 
variation between subjects caused by weight differences in the s u b  
jects, since none of the analyses was improved by taking the weight 
of the subjects into account. It is possible that plasma level profiles 
could be made more reproducible by stabilizing physiological con- 
ditions, e.g., transit times (8). However, such changes could only 
be of use in bioavailability studies and not in general clinical prac- 
tice; even then, attempts at such stabilization could be beneficial 
to one formulation and detrimental to another. 


In the present studies the mean peak plasma levels of oxytetra- 
cycline (2.14 mcg./ml.) attained after oral administration of a solu- 
tion of 500 mg. of the hydrochloride are only 40% higher than the 
serum levels of the reference oxytetracycline (1.55 mcg./ml.) used 
in the study of Blair et al. (9), in which the dose of 250 mg. of the 
hydrochloride was administered in a capsule. This difference could 
be unreal, caused by the relatively few subjects used in the present 
study, but it could equally be the result of different physiological 
conditions of the GI tract. 


The present results illustrate the difficulty in obtaining reproduc- 
ible plasma level profiles of oxytetracycline, even under fairly care- 
fully controlled conditions. The variability could be much greater 
after the oral administration of more complicated formulations 
than that used here. One way around the problem is to study plasma 
levels achieved after multiple doses, as in normal clinical practice, 
and the results of such studies will be the basis of further reports. 
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Polypeptides of a Known Primary Structure: 
Synthesis and Use of Poly( L-tyrosyl-r-glycyl-L- 
glu tamy 1-L-alany lglycy 1) gl ycine Methyl Ester 
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AbstractOThe specificity of antibodies formed in rabbits in 
response to the antigenic challenge of poly(L-tyrosyl-L-glutamy1-L- 
alany1glycyl)glycine-lJ4C ethyl ester (1) was studied with respect 
to the role of the glutamyl residue. For this purpose the polypeptide 
poly(~-tyrosyl-y-glycyl-~-glutamyl-~-alany~glycy~)glycine methyl 
ester (11) was prepared. When using this material, it was found by 
cross-reaction and absorption studies that the antibodies to the 
antigen I possess a high affinity for the ycarboxyl groups of the 
glutamyl residue. 


Keyplpases 0 Polypeptides, linear-synthesis, immunochemical 
properties IJ Antibodies, polypeptide produced-specificity 0 
Poly(L-tyrosyl-y-glycyl-L-glutamyl-~a~yl~ycyl)glycine methyl 
ester-synthesis, used to study antibody specificity 


It has previously been reported that the antibodies 
produced by rabbits against the polypeptide poly(L- 
tyrosyl-~-glutamyl-~-alanylglycyl)glycine-l-~*C ethyl 
ester (I) (1-3) are most probably dependent upon the 
conformation of the antigen (4-7). These antibodies also 
have been shown to possess a specificity for the phenolic 
hydroxyl groups and the aromatic moiety of the tyrosyl 


residue (8). However, no such specificity has been 
shown for the alanyl residue (9). The next phase of this 
work has been to study the specificity of these antibodies 
pertaining to the role of the glutamyl residue. This paper 
reports the characterization of the specificity of anti- 
serum produced by rabbits against the antigen I as 
studied by cross-reactions and absorption studies. For 
this purpose the following polymer was synthesized and 
used :poly(L-tyrosyl-yglycyl-L-glutamyl-L-alanylglycyl)- 
glycine methyl ester (11). 


DISCUSSION1 


The polypeptide I1 was prepared from the polymerizing unit, L- 
tyrosyly-(tert-butyl - glycyl) - L - glutamyl - L - alanylglycine penta- 
chlorophenyl ester hydrochloride (IX), which was synthesized as 
outlined in Scheme I and as detailed in the Experimental section. 
The polymerization of IX was performed by the procedure that has 
been shown to produce linear high molecular weight polypeptides 
(1, 2, 4-8). After removal of the protecting tert-butyl groups, the 


~~~ ~ 


1 All amino acids are of the L-variety. 
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The variability encountered in the plasma level profiles of any 
one individual was not an artifact due to changes in protein binding 
since, unlike mcrobiological assay techniques, the present fluoro- 
metric method measures total oxytetracycline. Neither was the 
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tyrosyl-~-glutamyl-~-alanylglycyl)glycine-l-~*C ethyl 
ester (I) (1-3) are most probably dependent upon the 
conformation of the antigen (4-7). These antibodies also 
have been shown to possess a specificity for the phenolic 
hydroxyl groups and the aromatic moiety of the tyrosyl 


residue (8). However, no such specificity has been 
shown for the alanyl residue (9). The next phase of this 
work has been to study the specificity of these antibodies 
pertaining to the role of the glutamyl residue. This paper 
reports the characterization of the specificity of anti- 
serum produced by rabbits against the antigen I as 
studied by cross-reactions and absorption studies. For 
this purpose the following polymer was synthesized and 
used :poly(L-tyrosyl-yglycyl-L-glutamyl-L-alanylglycyl)- 
glycine methyl ester (11). 


DISCUSSION1 


The polypeptide I1 was prepared from the polymerizing unit, L- 
tyrosyly-(tert-butyl - glycyl) - L - glutamyl - L - alanylglycine penta- 
chlorophenyl ester hydrochloride (IX), which was synthesized as 
outlined in Scheme I and as detailed in the Experimental section. 
The polymerization of IX was performed by the procedure that has 
been shown to produce linear high molecular weight polypeptides 
(1, 2, 4-8). After removal of the protecting tert-butyl groups, the 
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Scheme I-TFA = rrifluoroacetic acid, DCC = dicyclohexyl- 
carbodiimide, PCP = pentachlorophenyl, CDI = I-cyclohexyl-f(Z- 
morphdinoethyl)carbodiimide metho-proluenesulfonate, and TEA = 


trierhy lamine 


crude polypeptide I1 was purified by dialysis and then fractionated 
by successive diaiiltrations through membranes (Dido)  into four 
different molecular weight fractions: > 5  X lo4, 2-5 X lo4, 1-2 X 
104, and <1 X lo4. 


Eight rabbits were immunized against I using the previously re- 
ported protocol (3). It was found that each serum gave a positive 
precipitin reaction with the homologous polymer I. The serum from 
each animal was pooled, because it was assumed that each rabbit 
had responded to the same antigenic determinants in this time 
interval (10). Incremental amounts of the polypeptide I1 were added 
to 1-ml. aliquots of this pooled antiserum and a cross-reaction 
occurred. The relative precipitin curves for the polypeptides I and I1 
are shown in Fig. 1. To quantitate the amount of antibody not 
precipitated by polymer 11, a separate experiment was performed. 
A quantity equal to the equivalence point amount of the heter- 
ologous polypeptide I1 was reacted with the pooled serum. After 
removal of the precipitate, 30 mcg. of the homologous polypeptide I 
was added to the resulting supernatant liquid. Further precipitation 
was obtained and quantitated by analysis for nitrogen (Kjeldahl) as 
shown in Table I. 


It has been found that the heterologous polypeptide I1 cross- 
reacts with anti-I-serum; however, it precipitates less antibody than 
the homologous antigen I. The amount of the heterologous polymer 
I1 required to attain the equivalence point is slightly larger than that 
necessary for the homologous material. It would appear from these 
cross-reactions that the conformation of polymer 11 is similar to 
that of the homologous antigen I. The lower precipitating ability of 
polymer I1 indicates a decreased affinity of the antibodycombining 
site for this material. By using the rationale that the determinants 
of the heterologous polypeptide 11 are in the same orientation as 
those of the antigen I, it is suggested that the ohserved differences 
in the binding ability of the heterologous polypeptide 11 is due only 
to the modification of the glutamyl residue. Thus, it would appear 
that changes in the distance of the side-chain carboxyl group from 
the backbone polypeptide cause a large decrease in precipitating 
ability. It was, therefore, concluded that the antibody-combining 
sites have a high affinity for the ycarboxyl groups of the glutamyl 
residue. 


EXPERIMENTAL' 


N-Benz~lo~~csrboa~l-Lglutam~l-~9lan~lgly Methyl Epter 
(V)-To 20 g. (0.0417 mole) of N-benzyloxycarbonyl-y-te~-butyl- 


~~ ~ 


* Melting points were taken with a Mel-Temp apparatus and are un- 
corrected. 
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Figure I-Precipitin curaes. Key: 0, Poly(Tyr-Glu-AIa-Gly)nGIy; 
and X , Poly(Tyr-Glu-Ala-Gly).Gly. 


ANTI-POLY(TY R-GLU.ALA-GLY)GLY-l-I'C ETHYL ESTER-SERUM 


I 
G ~ Y  


L-glutamyl-L-alanylgycine methyl ester (1) was added 90 ml. of 90% 
trifluoroacetic acid. The solution was stirred at room temperature 
for 50 min. and then concentrated under reduced pressure to yield a 
solid. This material was crystallized from ethyl acetate to yield 14.5 g. 
(82%) of the product, m.p. 178-180"; [a]:: -7.2" (c 4.2 in di- 
methyl formamide.). 


Anal.-Calc. for ClpHnsN308: C, 53.90; H, 5.95; N, 9.93. Found: 
C, 53.75; H, 5.94; N, 9.70. 


N-Benzyloxycarbonyl-yd ter t-butyl-glycyl)-L- glutamyl- L - planyl- 
glydne Methyl Ester (V1)-To a cooled solution of 14.5 g. (0.0343 
mole) of N-benzyloxycarboxyl-L-glutamyl-L-alanylglycine methyl 
ester (V) and 5.0 g. (0.038 mole) of glycine rerr-butyl ester in 200 ml. 
of methylene chloride was added 7.8 g. (0.0378 mole) of dicyclo- 
hexylcarbodiimide. This mixture was stirred overnight at room 
temperature and then concentrated under reduced pressure to 
yield a solid. This material was taken up in ethyl acetate, and the 
insoluble urea filtered off. The filtrate was washed successively 
with 1 N HCI, water, 10% sodium bicarbonate solution, and water 
and then dried (sodium sulfate). This solution was concentrated 
under reduced pressure to yield a solid, which was chromatographed 
on a column of Silicar CC-7 using chloroform-thy1 acetate ( I  :1) 
as the eluent to give 7.2 g. (4Oz) of the tetrapeptide, m.p. 141"; 
[a]: -8.6" (c 3.2 in dimethylformamide). 


AnaL-Calc. for GaHlsN40p: C, 55.95; H, 6.76; N, 10.44. 
Found: C, 55.91 ; H, 6.65; N, 10.37. 
N-BenzyIoxycarbonyI-0-ter t&utyI-~-tymyI-y-( tert-butyl-glycyl)- 


Lglutamyl-L-alanylglydne Methyl Ester (VII)-A fine suspension of 
7.2 g. (0.0135 mole) of VI and 0.6 g. of 10% palladium-oncharcoal 
in 100 mI. of methanol was treated with 0.492 g. (0.0135 mole) of 
dry hydrochloric acid in methanol, and the suspension was hydro- 
genated for 2 hr. The reaction mixture was filtered and the filtrate 
was concentrated under reduced pressure to give an oil. TO this 
material, dissolved in 200 ml. of methylene chloride and 1.36 g. 
(0.00135 mole) of triethylamine, was added 9.2 g. (0.00148 mole) of 
N-benzyloxycarbonyl-0-tert-butyl-L-tyrosine pentachlorophenyl 
ester (1). This mixture was stirred overnight at room temperature 
and then concentrated under reduced pressure to give a solid; the 
solid was suspended in ethyl acetate, washed successively with 1 N 
HCI and water, and dried (sodium sulfate). Concentration of this 
solution produced a solid, which was chromatographed on a column 
of Silicar CC-7 using chloroform-ethyl acetate (1: l )  as eluent. 
The major fraction obtained was crystallized from ethyl acetate- 
hexane to yield 5.8 g. (59z)  of the heptapeptide, m.p. 2 0 4 . 5 - 2 0 6 O ;  
[a]:: - 15.1 O (c 4.3 in dimethylformamide). 


918 0 Journal of Pharmaceutical Sciences 







Table I-Absorption Data 
~~~ 


Protein Protein Protein 
Nitrogen Nitrogen Nitrogen 
(Kjeldahl) (Kjeldahl) (Kjeldahl) 
Precipitated Precipitated Precipitated 


Equivalence Absorption", Polypep- 
at by I after by 


Polypeptide Point", mcg. mcg. ti*, z 
(Tyr-Glu-Ala4ly).GIy (I) 106 0 ' 100 
(Tyr-Glu-Ala-Gly),GIy (11) 33 71 32 


G Y  / 
0 Per milliliter of anti-poly(Tyr-Glu-AG1y)Gly-1-"C ethyl ester- 


serum. 


AnaL-Calc. for C&S:N~O~I: C, 60.40; H, 7.06; N, 9.26. 
Found: C. 60.18; H, 6.99; N, 9.16. 
N-Benzyloxyearbonyl-0-ter t.butyl+tyrosyl-y-( tar t-butyl-gJycy1)- 


LgluCamyl-L-alaaylglydne Pentachlorophenyl Ester (VIII)-To a 
solution of 7.4 g. (0.0098 mole) of VII in 350 ml. of methanol was 
added 9.8 ml. of 1 N KOH. The solution was stirred for 1 hr. at 
room temperature and then concentrated under reduced pressure. 
The residue was flooded with water, acidified with 10% citric acid 
solution, and extracted into ethyl acetate. This solution was dried 
(sodium sulfate) and concentrated under reduced pressure to give a 
solid. T6 this material dissolved in 150 ml. of methylene chloride 
were added 2.88 g. (0.0108 mole) of pentachlorophenol and 4.6 g. 
(0.0108 mole) of l-cyclohexyl-3-(2-morpholin0ethyl)~arb0diimide 
metho-p-toluenesulate. The mixture was shaken at  room tem- 
perature for 2 days and then concentrated under reduced pressure to 
give a solid, which was washed with water and crystallized from 
methanol to yield 5.2 g. (4973 of the activated ester, m.p. 203.5- 
205.5'; [a]: -15.0" (c 2.66 in dimethylformamide). 


AnaL-Calc. for CI~HLOCl~N6011: C, 52.15; H, 5.09; N, 7.08. 
Found: C, 51.90; H, 5.00; N, 6.94. 


O-tertButyl-L-tyrosyI-y-(tert-butyl)-Lgl -alanyJglydne 
Pentachlorophenyl Ester Hydrochloride (-A suspension of 5.1 
g. (0.00515 mole) of the pentapeptide activated ester VIII and 0.7 g. 
of 10% palladium-ontharcoal in 300 ml. of methanol was treated 
with 0.188 g. (0.005l5 mole) of dry hydrochloric acid in methanol, 
and the suspension was hydrogenated for 2 hr. The mixture was 
filtered and the filtrate was concentrated under reduced pressure to 
give a solid, which was c r y s d z e d  from methanokther to yield 
2.3 g. (50%) of the polymerizing unit IX, m.p. 186"; [a]: -4" 
(c 2.50 in dimethylformamide). 


Anal.-Cak. for ClditsClsNaOe: C, 47.10; H, 5.08; N, 7.85. 
Found: C, 46.85; H, 5.07; N, 8.12. 


P d y - ( ~ - t y ~ y l - ~ - g l y ~ y l - L g l u t a m y l - ~ - ~ ~ ~ l ~ ~ ~ ~ l ~ ~ ~  Methyl 
Ester -To a solution of 0.82 g. (0.00815 mole) of triethylamine 
and 0.585 mg. of glycine methyl ester hydrochloride in 5 ml. of 
dimethyl sulfoxide was added a solution of 2.1 g. (0.00233 mole) of 
the polymerizing unit IX in 18 ml. of dimethyl sulfoxide. The mix- 
ture was shaken for 1 week and then centrifuged to yield the fully 
protected polymer. This polymer was washed with three 35-ml. 
portions of water, three 35-ml. portions of methanol, and three 35- 
ml. portions of ether and dried to give the fully blocked polymer. 
This material was treated with 30 ml. of 90% trifluoroacetic acid, 
stirred for 50 min. at room temperature, and then concentrated 
under reduced pressure to yield the crude polypeptide 11. This 
material was suspended in 20 ml. of water and dissolved by the 
addition of 1 N NaOH to pH 7.5. The solution was filtered and the 
filtrate was dialyzed against distilled water overnight, acidified 
with 6 N HCl to pH 2.5, and dialyzed against distilled water for a 
day. The precipitated polypeptide 11 was collected by centrifugation 
and then lyophilized to yield 0.3 g. (27%); the amino acid ratio of 
an acid hydrolysate was: Tyro o G1ul.o A h . 0  G1yi.i. 


Mdeeular Weigbt Determination-The polypeptide 11 (0.3 g.) was 
dissolved in 50 ml. of water by the addition of 1 N NaOH to pH 7.4. 


This solution was separated into four Merent molecular wi&t 
ranges by successive diafiltrations through membranes:. Each 
fraction was acidified with 6 N HCI. dialyzed, and lyophilized to 
yield 0.10 g. mol. wt. >50,ooO, 0.02 g. mol. wt. 2Q,m50,ooO, 
0.03 g. mol. wt. 10,~20,ooO,  and 0.14 g. mol. wt. <IO.OOO. 


Immwochemical Rocedures-Eight rabbits were treated with I 
at weekly intervals, using the immunization schedule previously 
desaibed (3); 25 days after the last injection, all rabbits were bled 
using the standard heart puncture technique. Serum from each 
rabbit was tested for the precipitin reaction with the homologous 
antigen I, and Serum from each animal gave a positive precipitin 
reaction. The serum from each animal was pooled, and this com- 
bined serum was used for the following experiments. It was assumed 
that the antibodies produced by each rabbit after the same time 
interval was directed against the same antigenic determinants of 
the antigen I. 


Quantitative F'redpith Reacths-To 1-ml. aliquots of the 
pooled rabbit serum were added incremental amounts of the poly- 
peptide 11. Each tube was ma& up to a total of 2 ml. with buffes 
(0.1 M NaCl-0.05 M NaHCO,), incubated for 1 hr. at 37". and 
then kept at 4" for 48 hr. The tubes were centrifuged in the cold 
and the precipitates were washed twice with 1 ml. of buffer (0.05 M 
K2HPOrNaOH), pH 7.0. The total amount of protein that pre- 
cipitated was estimated by analysis for nitrogen (Kjeldahl). An 
identical procedure was used for the homologous polymer I, 
which was run simultaneously with that used for the polypeptide 11. 
The comparative precipitin curves are shown in Fig. 1. 


Absorption Studies-The pooled rabbit serum was treated with 
the equivalence point amount of the heterologous polypeptide I1 
as already described. The precipitate was centrifuged out and the 
supernatant liquor was poured off into a separate tube. To this was 
added 30 mcg. of the homologous antigen I. The mixture was 
incubated at  37" for 1 hr. and then stored at 4" for 48 hr. The 
precipitate was collected by centrifugation and washed twice with 
1 ml. of buffer solution (0.05 M K&PO,-NaOH), pH 7.0. The 
amount of precipitate obtained using this procedure is shown in 
Table I. A control in which the Serum was first absorbed with the 
homologous antigen I ascertained that the homologous antigen 
precipitated all of the antibody, since the supernatant liquor gave 
no further precipitiri reaction when 30 mcg. of I was added. 
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Interaction Forces Involved in Wetting of Human Skin 


ALLAN ROSENBERG', ROBERTA WILLIAMS, and GEORGE COHEN 


Abstract 0 Wetting of human skin by several liquids was in- 
vestigated by contact angle measurements. Excised and live skin 
exhibited similar wetting properties. The skin surface was found to 
be hydrophobic, with little or no polar interaction occurring be- 
tween the wetting liquid and the skin surface. The Good-Girafalco- 
Fowkes-Young equation can be used to predict contact angles of 
liquids on human skin. 


Keyphrases 0 Wettability of human skin-hydrophobic intuac- 
tions. determination of critical surface tension, contact angles 
predicted 0 Skin (human) wettability-hydrophobic interactions, 
determination of critical surface tension, contact angles predicted 0 
Surface tension, critical-determination for human skin, used to 
predict contact angles 0 Contact angles of liquids on excised and 
live human skin-predicted from critical surface tension deter- 
minations, used to study wettability 


The subject of wetting has been a major concern of 
surface scientists from both an applied and a funda- 
mental approach. Important industrial applications such 
as transfer of ink in printing, dirt removal, flotation, and 
disintegration of tablets all involve wetting phenomena. 
Fundamental investigations of wetting are concerned 
with surface energies of solids, surface roughness, forces 
involved in the wetting process, and thermodynamic 
considerations. Several reviews of various aspects of 
wetting are available in the literature (1-5). 


Wettability is normally described in terms of contact 
angles (6) (Le., the internal angle between the solid sur- 
face and a liquid droplet applied to that surface). High 
contact angles mean poor wetting while low angles 
signify good wetting. If a liquid spreads on the solid 
surface, the contact angle is considered zero and com- 
plete wetting is said to occur. 


Relatively few studies of wetting of human skin have 
been reported. Adamson et al. (7) and Ginn et al. (8) 
reported that water contact angles on clean degreased 
human skin usually exceed 100". Additionally, Ginn et 
al. determined the critical surface tension of skin to be 
26.8 dyneslcm. using an acetone-water series. More re- 
cently, Schott (9) reported contact angles of water on 
human skin which are somewhat lower compared to 
those reported previously. 


The above work clearly shows that human skin is a 
hydrophobic surface. The wetting of any surface can be 
considered as related to a combination of two types of 
forces operative between the liquid and the surface: 
polar and nonpolar (10, 11). The relative contribution 
of each of these forces in human skin has not previously 
been determined. By measuring contact angles of several 
liquids of varying polarity and employing the Good- 
Girafalco-Fowkes-Young equation (GGFY) (1&13), 
we intend to establish the dominant type of interaction 
occurring between skin and the wetting liquid, deter- 
mine the critical surface tension of skin, and predict 
contact angle values from a knowledge of the critical 


Table I--cOntact Angles (0) Obtained on Live and Excised 
Human Skin. 


Compound 


Water 
Glycerol 
F o r d &  
Diidomethane 
Tetrabromoethane 
Ethylene glycol 
Benyl alcohol 
Tetrachloroethane 
Mineral oil 
Decah ydronaphthalene 


e Live, 


108f4.1 
86 f 3.1 
79 f 6.9 
55 f 6.9 
42 f 4.6 
70f 4.5 
41 f 5.1 


0 
0 
0 


e Excised, 
desrees 
107 f 2.0 
91 f 4.3 
85 f 5.4 
%* 6.3 
39 f 4.9 
69f 3.6 
32 f 2.6 


0 
0 
0 


a Results arc quoted *SD of the parameter. 


surface tension of skin and the polar and dispersion com- 
ponents of surface tension of the wetting liquid. We also 
report that there is no significant difference between 
wetting properties of excised and live human skin. 


EXPERIMENTAL 


Contact angles were measured with a contact angle goniometer1 
equipped with a specially designed finger holder. For live subjects 
the dorsal areas of the ring and forefingers were used. Female 
breast skin was employed for excised skin investigations. The ex- 
cised skin was kept frozen before use. 
All measurements were made by the sessile drop method using 


advancing angles at 25". For each contact angle determination, the 
average value of three droplets, reading both sides of the drop, was 
designated as the contact angle. Generally, 2-10-4 droplets were 
employed. Ten subjects were used for live studies, while six pieces 
of excised skin w e  employed. Angles obtained in this manner 
wete reproducible to within f2" for each individual liquid on a 
specific subject or piece of excised skin. 


To obtain contact angles on clean degreased skin, the skin was 
thoroughly washed with soap and water, rinsed several times with 
absolute ethanol, rinsed with distilled water, and finally hot air 
dried. Contact angles of water on skin cleaned in this manner were 
always greater than loo". 
The purity of the liquids was checked by GC. Surface tensions 


were measured with a tensiometer* using appropriate ring correc- 
tion factors. 


Par&* [specified as wax. refined, m.p. 56.1-57.1' (133-135"FJI 
was used for contact angle determinations. Smooth paraffin surfaces 
were obtained by melting the wax on glass slides. 


RESULTS AND DISCUSSION 


In Ruo-ln F'itro CompPriso&Table I shows a comparison of 
contact angles of several liquids on clean excised skin with those 
measured using live skin. Good agreement was obtained, demon- 
strating that excised skin can be used as a model for studying the 
wetting properties of living human skin. The use of excised skin 
can simplify wetting studies since the problem of obtaining and 
controlling live panels is avoided. Additionally, toxic liquids can 
be used if excised skin is employed. 


1 Ramt-Hart. 


a Mobll Oil Carp. 
' CencpDu-Nuiiy. 
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Table II-Dispersion and Polar Components of Total Surface 
Tension of Acetone-Water Mixtures Calculated from Contact 
Anglesonparaffin 


Contact 
Weight Angle 


Acetone degrees 
Percent (el, 


Total 
Surf- Dispersion Polar 
Tension Component Component 


(YL), (^ILD), (rd'), cos 0 dynes/cm. dynes/cm. dyneslcm. 


0.00 108 
4.77 95 
9 f i l  90 -. -. _ -  


14.58 85 
19.87 77 
36.60 65 
45.97 59 
50.00 53 
60. m 53 


-0.309 71.3 23.8 47.5 
-0.087 56.5 26 .1  30.4 
O.OO0 49.6 24.1 25.5 
0.087 44.4 22.9 21.5 
0.225 41.4 25.2 16.2 
0.423 34.2 23.2 11.0 
0.515 31.7 22.6 9.1 
0.602 30.4 23.3 7.1 
0.602 28.9 21 .o 7.9 


Wetting of slda--As described by Dann (10, ll),  the GGFY 
equation relates contact angles to various physiochemical param 
eters as follows: 


OX e = (-yL + 2 & Z Z  - Td/ (YL - T L )  tw. 1) 
Here 0 is the contact &, Y L  is the surface tension of the liquid, 
yeD is the dispersion force component of the solid, YLD is the 
dispersion force component of the liquid, TS is the reduction in 
surface energy of the solid resulting from adsorption of vapor 
from liquid L, and T L  is the reduction in surface energy of the 
liquid resulting from adsorption of a lilm of solid material from 
the solid. As a first approximation, T 8  and TL are assumed to be 
negligible for low energy solids (10) and are neglected in the calcu- 
lation. 


Dann (10, 11) showed that the determination of critical surface 
tensions, as obtained by tbe Zisman method (a), can be misleading 
as it does not account for the specific type of interaction force 
involved in the wetting process as used in Eq. 1. 


Figure 1 is a Zisman plot (6) for measurements made using an 
acetone-water series. The critical surface tension for excised skin 
(ye) is determined t o  be 27.5 dyneslcm., in good agreement with 
that previously published (8). From contact angle measurements of 
the acetone-water Series on p a r f f i ,  the contribution of dispersion 
and polar f o r m  to the surface tension of each mixture was deter- 
mined from the following equation: 


d T D  = (OX 0 + I ) U ~ / 2 t / 3  (Eq. 2) 
which is a rearranged version of Eq. 1,  assuming T L  = TS = 0 


1.0 


0.8 


0.6 


0.4 


0.2 


0 


-0.2 


'C 


I 
27.5 


-0.4 


0 10 20 30 40 50 60 70 
V L ,  dyneslcm. 


Figure 1-Zisman plot for wetting of excised human skin by acetone- 
water mixtures. Extrapolating the curoe to cos 0 = 1.0 results in 
yc = 27.5dyneslcm. 


\ B  


0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 


t / r t D / . r L  


Pig= 2-Critical surface tension conversion plot aceonding to the 
method of D a m  (10). Curve A is obtained using the data in Table 11 
for the acetone-water series. Curve B is constructed assuming a 
hypothetical series of lquids which have no polar surface energy 
component. so that yL = y D. 


and r s D  for paraffin is 25.5 dynes/cm. (13), and from the relation- 
ship (10): 


Y L  = rLD + YLP (Eq. 3) 


wbere YLP is the polar force component of the surface tension. 
It is assumed that only dispersion forces are operative between 
paraffin and the liquid series (1 3). Table I1 shows the results of these 
calculations. It can be Seen that dispersion components of the 
series do not vary greatly throughout the entire surface tension 
range, while the polar component varies considerably. When re- 
lating these results to  Fig. 1, it is apparent that high contact angles 
on human excised skin are observed when the water-acetone mix- 
tures have large polar energy contributions to the total surface 
tension. Thus, it appears that the skin surface has little interaction 
with polar forces of the liquids under investigation. 


Figure 2 is a critical surface tension conversion plot from which, 
according to the method of Dann (lo), ysD for skin is determined 
in the following manner. 


If y c  is defined as the point where cos 0 equals 1 for a particular 
liquid series on a particular surface, then at  this point Eq. 1 can 
be given as: 


Table III-Comparison of Observed Contact Angles on Live Skin 
and Calculated Values Using the GGFY Equationo 


e e 
T L ,  ~ L D ,  Observed, Calculated, 


Compound dynes/cm. dynes/cm. degrees degrees 


Water 72.0 22.0 108 f 4 102 
Glycerol 62.2 30.4 86 f 3 85 
Formamide 58.2 32.0 7 9 f 7  79 
Diidomethane 50.6 50.6 55 * 7 45 
Tetrabromo- 49.7 49.7 4 2 f 5  43 


Ethylene glycol 47.6 27.1 70 f 5 71 
Benzyl alcohol 39.L 34.9 41 f 5  34 
Tetrachloroethane 36.1 36.1 0 0 
Mineral oil 31.9 31.9 0 0 
Decahydro- 30.8 30.8 0 0 


ethane 


naphthalene 
~~ 


a Results are quoted *SD of the parameter. 
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Table IV-Comparkon of Observed and Calculated Contact 
Angles on Skin for Liquids Having Poorly Determined yLD Values“ 


clear that reliable y&D values are essential for the proper use of the 
GGFY equation. 


r L ,  r D .  
dynesl dynesl 


Liquid cm. cm. 


a-Bromo- 44.5 66.4 


Acetophenone 39.2 44.5 
Chlorophenyl- 41 .7 56.4 


naphthalene 


benzene 


e 
Observed, 


Excised 
skin, 


degrees 


43+ 1.4 


47 f 5.1 
37 f 4.6 


e 
observed, 


Live 
Skin, 


degrees 


e 
Calcu- 
latede, 
Skin, 


degrees 


44 f 4.4 


47 f 5.6 
43 f 5.8 


34 


20 
28 


0 Results are quoted *SD of the parameter. b From contact angles on 
1 using y a D  = 37.0 dyneslcm. for skin paraffin and Eq. 2. 


and assuming yL D ::&% liquids. 


or : 


Since by definition at yc the value of y~ equals yc, the curves in 
Fig. 2 were obtained by plotting 71. versus dy>Iy~. Curve A in 
Fig. 2 was constructed using 71. and ~ L D  values obtained for the 
acetone-water series on paraffin as shown in Table 11. Curve B in 
Fig. 2 represents e hypothetical liquid series of prlre hydrocarbons 
having only dispersion energies so that 71. = ~ L D .  To obtain ysD 
for skin, pass a vertical line through curve A at the point where 
yc is 27.5 dynes/cm., the measured value of yc for skin using the 
acetone-water series. Where the line intercepts curve B is the 
expected value of ysD for skin, since for the hypothetical liquid 
series of pure hydrocarbons yc is equal to ysD.  The y s D  for skin 
was equal to 37 dyneslcm. Thus, nonpolar liquids . ( ~ L P  = 0) 
having surface tensions less than 37 dyneslcm. should completely 
wet skin. 


Using Eq. 1, with the stated assumptions, values of contact 
angles on skin were calculated for several organic liquids (Table 
111). Values of ~ L D  for each liquid were determined by contact 
angle measurements on paraffin and use of Eq. 2. Contact angles of 
each liquid were measured on human skin and, as shown in Table 
111, the agreement between the measured and calculated angles is 
satisfactory. 


The accuracy of the determination of ~ L D  values will determine 
the accuracy of calculated 0 values. In some cases, wide variations 
between calculated and observed 0 values for liquids on skin were 
observed. Table IV shows poor agreement between calculated and 
observed 0 values for a-bromonaphthalene, acetophenone. and 
chlorophenylbenzene’ on skin. For these liquids it is seen that ~ L D  
values determined from contact angles on paraffin and Eq. 2 are 
greater than 71. values. This is due to the chemical or physical 
interaction between the liquid and the paraffin surface. Thus, it is 


4 A mixture of 2-chloro-. 3-Chlor0-. and 4chlorophenylbenzene 
(Araclor 1232. Applied Science Laboratories, State College, Pa.) was 
Used.  


CONCLUSIONS 


The results of these studies strongly indicate that little, if any, 
polar interaction occurs between liquids and clean skin surfaces. 
The hydrophobic nature of the skin  surface is in agreement with 
the work of Ginn et 1 (8) and Adamson et d. (7). Additionally, 
the GGFY equation as described by Dann satisfactorily predicts 
contact angles of liquids on human skin. 


A possible explanation of the hydrophobicity of skin is that polar 
groups present in the a-keratin structure of the stratum comeurn are 
oriented away from the skin-air interface. Scheuplein’s (14) hy- 
pothesis that detergents may uncoil and extend the a-keratin struc- 
ture suggests that the coiled, unextended structure could be such 
that polar groups are unaccessible for polar interactions with liquids 
in the wetting process. 


In summary, it was shown that the GGFY equation satisfactorily 
describes wetting of skin by several liquids if accurate ~ L D  values 
are employed. The observed hydrophobic nature of the skin surface 
can be attributed to polar groups oriented away from the skin 
surface. 
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Osmotic Properties of Aqueous Solutions 
Containing Nucleosides 


HA"A N. BORAZA" and FRANK M. GOYAN 


Abstract 0 The thermoelectric osmorneter described in earlier 
publications was used to study the osmotic properties of 2'deoxy- 
adenosine, 2'-deoxyguanosine, uridine, cytidine, and thymidine in 
aqueous solutions ranging from 0.01 to  0.2 mold. Changes in 
resistance of a thermistor. AR, represent colligatk properties 
which were plotted against corresponding molal concentrations. 
All points fell on intersecting straight lines, the points of inter- 
section representing critical concentrations which are analogous to 
the critical concentrations reported previously for caffeine. This 
critical concentration is shifted to higher values by the presence of 
a fixed concentration of another nucleoside. Osmotic cwf- 
ficients and complexing capacity numbers may be calculated by 
the methods used for caffeine data. 


Keyphrases 0 Osmotic properties-aqueous nucleoside solutions, 
calculation of osmotic coefficients and complexing capacity n u n  
bers 0 Nucleosides, aqueous solutionsdetermination of 
osmotic properties, calculation of osmotic coefficients and com- 
plexing capacity numbers 0 Complexing capacity numbers- 
determined for nucleosides in aqueous solutions 0 Thermoelectric 
osmometry-amotic properties of nucleosides in aqueous solu- 
tions 


Because of the biological importance of nucleosides, 
it was decided to extend the thermoelectric osmometry 
reported for caffeine (1) to include certain nucleosides. 
Dilute solutions of cytidine, 2'-deoxyadenosine, 2'- 
deoxyguanosine, thymidine, and uridine in the con- 
centration range between 0.01 and 0.2 molal were 
studied at 25' separately in pure water and also in 
dilute solutions of other members of the group. 


This paper is concerned primarily with the presenta- 
tion of experimental data which, like the caffeine data, 
can be given in terms of the slopes, intercepts, and 
intersections of straight lines representing the colliga- 
tive property, AR, plotted against molal concentration. 
All measured points fall on a line within the limit of 
experimental accuracy. This treatment expedites usual 
calculations and is essential to show clearly the shift 
in point of intersection used to calculate complexing 
capacity numbers similar to those shown for caffeine. 


EXPERIMENTAL 


Instrumencabioa-The osmometer used in this work was de- 
scribed previously (1-4). It is essentially an ebulliometer in that 
condensing vapor elevates the temperature of a sample suspended 
in air which is saturated with solvent vapor. Solvent is held against 
the inner wall of the containjng cell immersed in a water bath held 
at constant temperature by means of an air bath and an auxiliary 
heater. Slow temperature drifts of the order of 0.001' are com- 
pensated for by a reference thermistor in a different cell in the water 
bath. 


New circuits developed after this work was completed provide 
greater convenience and economy (4). However, all of the other 
essential improvements described were used, but with greater need 
for manual control of temperature. The older bridge circuit was 
used throughout without loss of final accuracy. Absolute resistance 
values are of secondary importance because AR is the difference 


Table I-Data Falling on Two Intersecting Straight Lines 
~ 


First Second 
Inter- Slope, Slope, 
cepto, AR/ Inter- AR/ 


Variable Vehicle ohms A M  section A M  


2'-Deoxy- 


2 '-Deoxy: 
adenosine 


adenosine 


adenosine 


adenosine 


2 ' - D ~ x y -  


2'-Deoxp 


2'-Deoxy: 
guanosine 


guanosine 


guanosine 


2'-Deoxy: 


2'Deoxy- 


Uridine 
Uridine 


Uridine 


Cytidine 
Cytidine 


Cytidine 


Cytidine 


Thymidine 
Thymidine 


Thymidine 


Thymidine 


Water 


Thymidine, 


Uridine, 
0.02 molal 


0.02 molal 


guanosine, 
0.01 mold 


2'-Deoxy: 


Water 


Cytidine. 
0.003 molal 


adenosine, 
0.003 molal 


adenosme, 
0.015 mold 


guanosme, 
0.01 2 molal 


0.02 mold 


adenosine. 
0.015 molal 


guanosine. 
0.012 molal 


guanosine, 
0.012 mold 


0.02 molal 


adenosine. 
0.015 molal 


2'-Deoxy; 


2'-Deoxy; 


2'-Deoxy: 


Water 


Water. 
Thynudine. 


2'-Deoxy- 


2'-Deoxy: 


Water 
2'-Deoxy; 


Cytidine, 


2'-Deoxy: 


0.04 927.2 0.0152 597.4 


19.16 691.8 0.0360 330.0 


18.36 767.0 0.0358 378.0 


9.14 672.0 0.0565 342.0 


0.03 925.0 0.0123 565.0 


2.72 897.0 0.0155 384.6 


2.98 833.8 0.0213 400.0 


0.02 922.5 0.0568 789.4 
13.83 799.8 0.1900 651.0 


10.87 846.4 0.1631 659.5 


0.03 923.5 0.0412 823.5 
18.29 846.4 0.1212 683.5 


13.98 805.0 0.1307 657.0 


11.08 834.5 0.1285 694.4 


0.04 924.4 0.0563 747.1 
11.10 811.2 0.1369 620.9 


18.43 845.6 0.1154 660.0 


13.84 783.0 0.1458 604.5 


0 The intercepts are not experimental points. 


between the resistance of the measuring thermistor when in contact 
with pure solvent and when in contact with the sample under study. 
Both solvent and sample are suspended on the same thermistor in 
the same way. 


SdutiolrsSolutions were made with distilled water on a molal 
basis. No further purification was carried out on the solid chemicals 
obtained from commercial sources1. However, an assay for per- 
centage of water was made in each case by drying a small sample to 
constant weight over phosphorus pentoxide in a vacuum drying 
apparatus at the boiling point of absolute alcohol. The percentage 
of water found was used to correct the weight of solid used in pre- 
paring the various solutions. 


As a test of purity, the following molecular weights were calcu- 
lated by Eq. 4 from the osmotic data given in Table I and compared 


1 Solid chemicals were obtained from Nutritional Biochemicals ex- 
cept for 2'-deoxyadenosine which was obtained from General Blo- 
chemicals. 
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I VARIABLE 
2' DEoxYADENOslNE 


VEHCLES 
1 WATER 


2. 0.OlM ZDEOXYGUANOSINE 
3.0.02M. URlDlNE 
4 . 0 . 0 2 M  THYMIDINE t 
+ TRUE VALES 10 OHMS LESS 


~ ~~ 


0.05 
MOLAL CONCENTRATION 


Figure 1-AR in ohms versus molal concentration of 2'-deoxyadeno- 
sine. Arrow indicatesdisplacement by 10 ohms to avoid crowding. 


with the established formula weights (given in parentheses): 2'- 
deoxyadenosine (251.2), found: 250.3; 2'-deoxyguanosine (267.2). 
found: 266.8; cytidine (243.2), found: 243.3; thymidine (242.2), 
found: 242.0; and uridine (244.2), found: 244.5. Reagent grade 
(ASC Code 2376) B&A sucrose crystals were used to prepare the 
solutions used as reference standards. 


Standardization-Aqueous solutions of sucrose at  0.01, 0.03, 
and 0.05 molal were found to have AR values of 9.3, 27.5, and 46.2 
ohms, respectively. These three values may be treated by the method 
of least squares to give a slope of 922.3 ohms molal-1. When the 
experimental values of 93.3 and 187.8 ohms for 0.1 and 0.2 molal, 
respectively, are corrected by dividing by the corresponding osmotic 
coefficients given by Robinson and Stokes ( 5 )  and included with the 
above values for the lower concentrations, a slope of 923.7 ohms 
molakl is found. This slope was used with all nucleoside data and 
should not be confused with values given in other papers. Large 
differences in s tandardidon represent different thermistors from 
the same shipment. Small differences close to estimated experimental 
error are caused by slight changes in the cell itself. It is important 
to restandardize after any change in the instrument. 


RESULTS 


The experimental data on the nucleosides are given in Figs. 1-5 
and are summarized in Table I. The figures present a fair estimate of 
the accuracy of the measurements and the goodness of fit. Each 
AR value shown is the average of two or more measurements on 
separate samples of the same solution. The slopes and intercepts 


a 


10 


ADENOSINE 4 t '  .( TRUE VALUES 2 OHMS LESS 


0.01 0.02 0.03 
MOLAL CONCENTRATION 


Figure 2-AR in ohms versus molal concentration of 2'-deoxy- 
guanosine. Arrow indicates displacement by 2 ohms to avoid crowding. 


- W L E  


1 URlDlNE 
150 - 


2 OD12M. 2'DEOXYCMNOSINE 
3. Wl5M 2'DEOXYADENOSNE V * TRUE VALUES IOOHMS LESS 


0.05 0.1 0.15 0.2 
MOLAL CONCENTRATION 


Figure 3-AR in ohms versus molal concentration of uridine. Arrow 
indicates displacement by I0 ohms to aooid crowding. 


shown in Table I were obtained by the method of least squares 
and are reported to one more significant figure than is probably 
warranted by the accuracy of the experimental work. This treatment 
is justifled because these values are used in computing molecular 
weights, osmotic coefficients, and points of intersection. Intercepts 
are included as a measure of internal consistency. 


Table I also provides data needed to calculate osmotic coefficients. 
4, assuming the validity of the equation: 


4 = AR/ARo (Es. 1) 


The following equations can be derived by the application of 
elementary analytic geometry: 


4 = S,lSO (Es. 2) 
qb = SICIISQM + 4 ( M  - Ci)/SoM 0%. 3) 


Equation 2 applies at molal concentrations below the critical 
concentration (intercept) designated el. Equation 3 applies above 
the critical concentration, where Sr is the second slope and M is 
the molal concentration under consideration. In both equations, 
S1 is the first slope and SO is the slope obtained by standardization 
with sucrose. In Eq. 1. ARo is SOM, and AR represents the solution 
under investigation at  the molal concentration, M. 


Osmotic coefficients are calculated from Table I by the method 
already described and are compared with values reported by other 
workers (6-8). These results and comparisons are given in Table I1 
for selected concentrations and also for the exact concentration 


150 . 


100 ' 


e a 


50 I 


VEHICLES 


2 0.012 M.2QEOXYGUANOSINE 
1 WATER 


90.02 MTHYMIDINE 
4. Q015 M YDEOXYAOENOSINE + * TRUE VALUES 15 OHMS LESS 


0.05 0.1 0.15 
MOLAL CONCENTRATION 


Figure G A R  in ohms versus molal concentration of cytidine. Arrow 
indicates displacement of IS ohms to m i d  cmwding. 
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+ TRUE VALUES SOHMS LESS 


1 I 


0.05 0.1 0.15 
MOLAL CONCENTRATION 


Figue 5-AR in ohms versus molal concentration of thymidine. 
Arrow indicates displacement of 5 ohms to avoid crowding. 


specified by other workers. The earlier work involved curve fitting 
and was not primarily directed to this region of concentration. 


DISCUSSION 


OQndal Conwntratims and Molecular Weights-All AR values 
may be converted to osmolal concentration by dividing by the 
corresponding value for sucrose, which is conveniently expressed 
as SoM = ARo, using the symbolism of Eqs. 1 and 3. Below the 
critical concentration, it may be assumed that dissociation is neg- 
ligible and that osmolal and molal concentrations are the same. 
It is, therefore, possible to  calculate molecular weights from AR 
values in this region. Assume that any arbitrary value, F, was 
used for the molecular weight of the solute in calculating a tentative 
molal concentration, T, from weight, F, of solute in 1 kg. of solvent. 
On this basis, AR = SIT, ARo = SOT, and the osmolal concentra- 
tion, ARIA& the true molal concentration in this region, becomes 
&/SO which is F/mol. wt. Therefore, molecular weight is given by 
the equation : 


(Eq. 4) 


Equation 4 was used to calculate the molecular weights listed 
in connection with the preparation of solutions. 


Complexing Capacity Numbers-Calculations based on the 
values given in Table I and the method outlined for caffeine ( I )  
show that, just as for caffeine, the complexing capacity numbers 
approach integers. However, higher values predominate, especially 
for the complexing capacity numbers with uridine, cytidine, and 
thymidine where values of 9, 6, and 6, respectively, are found for 
2’-deoxyadenosine and values of 9,7, and 9, respectively, are found 
for 2’-deoxyguanosine. 


Self-Assodation-The fact that a critical concentration is observed 
for all pure substances studied suggests self-association, possibly 
of the type nA = A,, or 2A = A?, AS + A = Aa, etc. By writing 
appropriate equilibrium expressions, both molal and osmolal 
concentrations can be generated by assigning reasonable values to 
K and, for the first type, n also. For each choice, the monomer 
concentration (A)  was varied systematically over a sufficient range 
to show that calculated osmolal concentrations plotted against 
calculated molal concentrations did indeed generate curves that 
approached intersecting straight lines for some values chosen for 
the parameters. The choice of n = 4 and K = 100 generates such 
a curve for equilibria of the first type, and the choice of Ki = 1, 
KI = 2, and K1 = 4 serves approximately for the multipleequilib- 
rium hypothesis. These calculations were g~eatly facilitated by the 
use of a computer *, 


It must not be assumed that the authors are offering evidence 
favoring specific equilibrium constants or models. It is quite possible 


mol. wt. = F(So/Sl) 


*IBM 360 corn uter r0grarnm.d by Mr. Philli Johnson of the 
University of Cali&rnia {an Francisco Information lervlce. 


T a b  II--Comparison between Calculated Osmotic 
Coefficients (6) and Values Reported in the Literature at 25” 


~~ 


Molal 
Concentration qi calf. qi Lit. 


0.005 
0.010 
0.015 
0.01725 
0.020 
0.025 
0.030 
0.0345 
0.040 
0.050 


0.010 
0.012 
0.014 
0.015 
0.016 


0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.094 
0.095 
0.096 
0. 100 


0.030 
0.040 
0.050 
0.070 
0.080 
0.0941 
0.0948 
0.0955 
0.1Ooo 


0.040 
0.050 
0.070 
0.090 
0.100 


Deoxyadenosine in Water 
1.015 - 
1.014 - 
1.009 - 
0.965 0.84 f 0.07. 
0.921 - 
0.867 0.900 f 0 . O P  
0.830 - 
0.806 0.760 f 0.040 
0.785 - 
0.757 0.800 f 0.009 


1.006 - 
1.006 - 
0.957 - 
0.934 - 
0.914 - 


1.001 - 
1.001 - 
1.001 0.969 
0.993 - 
0.973 - 
0.958 - 
0.943 0.952,0.9620 
0.942 0.9330 
0.941 0 .937~  
0.938 0.9430 


1 .no2 - 


2’-Deoxyguanosine in Wata  


Uridine in Water 


Cytidine in Water 
- .  _ _ _  
1.002 
0.983 


- 
0.%7= 


0.957 - 
0.949 - 
0.941 0 . 9 4 1 ~  
0.940 0 . 9 3 9 ~  
0.940 0.9360 
0.938 0 . 9 3 9  


1.003 - 
1.003 - 
0.965 - 
0.931 - 
0.918 0.909 


Thymidine in Water 


a From Reference 8.  b From Reference 7. c Froni Reference 6 .  


that combinations occur that are not approximated by either hy- 
pothesis considered here. However, it is important to show that the 
presentation of accurate measurements by giving slopes and inter- 
section is not inconsistent with more conventional treatment in- 
volving a consideration of complex equilibria. 
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Chemical Constituents of the Gentianaceae V: 
Tetraoxygenated Xanthones of Swertia chirata Buch.-Ham. 


S. GHOSAL’, P. V. SHARMA, R. K. CHAUDHURI, 


Abstract 0 Nine tetraoxygenated xanthones [ 1,5,8-trihydroxy-3- 
methoxyxanthone (I), l-hydroxy-3,5,8-trimethoxyxanthone (11). 
l-hydroxy-3,7,8-trimthoxyxanthone (III), 1,8dihydroxy-3,5-di- 
methoxyxanthone (IV), 1,8-dihydroxy-3,7-dimethoxyxanthone (V), 
1 ,3,6,7-tetrahydroxyxanthone-Cr~-~-glucoside (mangiferin, VI). 
1,3,8-trihydroxy-5-methoxyxanthone (VII), 1,3,5,8-tetrahydroxy- 
xanthone (VIII), and 1,3,7,8-tetrahydroxyxanthone (IX)] were iso- 
lated from the roots and aerial parts of Swerria chirata Buch.-Ham. 
(Gentianaceae) collected from Nepal and India. The identity of the 
xanthones was established by direct comparison with reference 
materials in most cases, preparation of derivatives, and spectral 
evidence (UV, IR. proton magnetic resonance, and mass spectro- 
metry). Among these xanthones, I1 was not encountered before in 
nature and VI was found for the first time in the genus swertia. The 
biogenetic significance of the co-occurrence of several tetraoxygena- 
ted xanthones, of varying oxygenation patterns, in absence of the 
“standard” 1,3,5- and 1,3,7-trioxygenated xanthones in S.  chiruta 
and in related species is appraised. In addition to the tetraoxygen- 
ated xanthones (I-IX), a number of heterosides, triterpenes, and 
monoterpene alkaloids were isolated from this plant. Preliminary 
pharmacological screening of the total xanthones of S.  chirata 
indicated that the medicinal properties ascribed to the plant ex- 
tracts were due to these constituents. 


Keyphrases Swertia chirata Buch.-Ham. (Gentianaceae)-isola- 
tion, identification of nine tetraoxygenated xanthones 0 Xan- 
thones, tetraoxygenated-isolation, identification from Swerria 
chirata Buch.-Ham. (Gentianaceae) 0 Medicinal plants-isolation, 
identification of tetraoxygenated xanthones from Swerria chirata 
Buch.-Ham. 


Swertia chirara Buch.-Ham. (Gentianaceae) is widely 
distributed in India in the temperate Himalayas between 
4OOO and 10,OOO ft., from Kashmir to Bhutan, and in 
Khasia Hills between 4000 and 5000 ft. (1). It also grows 
abundantly in Nepal. The plant is well known for its 
uses in the Indian system of medicine for a variety of 
purposes (1, 2). The extract of the plant is used as a 
bitter stomachic, a febrifuge, an anthelmintic, a remedy 
for scanty urine, in epilepsy, and for certain types of 
mental disorders. The total annual requirement of this 
pharmacopeial drug in India is about 400 quintals (3). 


Previous phytochemical investigation by Dalal and 
Shah (4) reported the presence of only one xanthone, 
1,8-dihydroxy-3,5-dimethoxyxanthone, in the whole 
plant. But no attempt was made to determine the active 


and S. K. BHATTACHARYA* 


principle of this vegetable drug. Interest in the detailed 
investigation of this plant was piqued for two reasons: 
(a) xanthone-bearing plants generally elaborate mul- 
tiple xanthones (9, and (b) in Calophyllum inophyllum 
L. (Guttiferae), variations in the types of xanthonic con- 
stituents were recorded (6-8) due to ecological varia- 
tions. In the present study, S. chirata plants’ were col- 
lected from Nepal and India to test these possibilities. 


EXPERIMENTAL’ 


The general procedure described under Isolation of Xunthones 
from Aerial Parts of S .  chirata was followed for the isolation of 
xanthones from the roots. The other chemical constituents were 
isolated following a procedure shown in Scheme I. 


Isolation of Xanthones from Aerial Parts of S. chiratu-Dried and 
milled aerial parts of S.  chirata (1 kg.) were continuously extracted 
(soxhlet) for 20 hr. with petroleum ether (60-80”), and the defatted 
plant material was subsequently extracted (20 hr.) with ethanol. 
The two extracts were separately processed. 


Treatment of Petroleum Ether Extract-The petroleum ether 
extract was concentrated (about 250 ml.) under reduced pressure, 
and the concentrate was kept overnight at ordinary temperature 
when a yellow amorphous solid (Fraction A) separated. The solid 
was collected by filtration, and the mother liquor was evaporated 
to dryness (Fraction B). 
Separation of Xanthones Present in Fraction A-Fraction A (1.8 


g.) w~ dissolved in ether (500 ml.), and the phenolic and non- 
phenohc components were separated by extraction with aqueous 


The plant material of Indian origin was a gift from Dr. S. P. Wahi, 
Department of Pharrnaceutics, Banaras Hindu University, and that 
from Nepal was supplied by Mr. R. A. Panjiar. Janakpur Dhum. 
Nepal. Voucher specimens have been preserved at the De artment of 
Pharmac+ics. .Banaras Hindu University, Varanasi-5, Incfia. * Meltmg points were determined on a Toshniwal melting-point 
apparatus,. in open capillaries. and are uncorrected. UV s ectra were 
recorded in a Cary 14 spectrophotometer in aldehyde-gee ethanol 
(95%). IR s ectra were recorded with Perkin-Elmer 237/257 instru- 
ments in K i r  and mineral oil. Proton magnetic resonance (PMR) 
spectra were obtained on a Varian A-60 D spectrometer, using deu- 
teriochlorofonn and dimethyl sulfoxide-da as the solvents. Mass spectra 
were determined on an AEI MS-9 instrument operated at 70 ev. Combus- 
tion analyses were performed by the Central Drug Research Institute, 
Lucknow. India. Separation by column chromatography was carried 
out by using @ica gel (60-120 mesh, British Druq Hou-). and layer 
chromato apluc experiments were conducted with siltca gel G (E. 
Mack). &r solvent systems [benzeneacetic acid (60:l. Solvent I), 
chloroforn-benzene (5:2, Solvent 2). , chloroform-benzene (1 : 1, 
Solvent 3). and n-butyl alcohol-ace.tic acid-water (4: I :2, Solvent 4)] 
were used as the developers, and iodine vapor was uacd for staining pur- 
poses. 
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I 
xanthone VII 
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I sobd I 


ion-exchange rain* 
(OH -) 


water-soluble alkaloids 
I 


Scheme I-Isolation of chemical constituents of S. chirata (*Amber- 
lite IRA 400) 


sodium hydroxide (57& four 25-1111. portions). The phenolic constit- 
uents from the alkaline aqueous extracts were liberated with hydro- 
chloric acid (2 N) and then extracted with chloroform (three 5 0 4 .  
portions). The neutral fraction, obtained from the ethereal layer, 
consisted mainly of triterpenes and was kept aside. The phenolic 
constituents (118 mg.) showed one major spot and one minor spot 
on analytical thin-layer chromatoplates. The major component was 
purified by column chromatography (silica gel, 100 g.), using pe- 
troleum ether and benzene as the eluents. The petroleum ether 
eluates did not give any solid, and the small amount of the gummy 
material obtained was not processed further. 


Xantbone I ( l $ , ~ T ~ y d r o x y ~ ~ x y x a n t h o n e ~ T h e  benzene 
eluates, oq concentration, gave a yellow solid (52 mg.), which 
crystallized from ethanol as yellow shining needles, m.p. 271 " [lit. 
(9) m.p. 270-271'1; Rt 0.5 (Solvent 2); Y- (KBr): 3400, 1668, 
1628, 1610, 1045, and 995 cm.-I. 


The 5,8-dimethyl ether, prepared with ethereal diazomethane, 
crystallized from alcohol as pale-yellow needles, m.p. and mixed 
m.p. 205". 


Separation of mthones Resent In Fraction &Fraction B (0.8 
g.) was dissolved in ether (300 ml.), and the phenolic and non- 
phenolic constituents were separated as described for Fraction A. 
The phenolic constituents (248 mg.), obtained as a brown gum, were 
dissolved in chloroform (15 ml.) and chromatographed over silica 
gel (250 8.). Elution was carried out with petroleum ether (2.5 1.) 
and benzene (4 1.). The eluates, on evaporation, gave amorphous 
solids. 


The solid (132 In&), obtained from the petroleum ether eluates, 
showed several spots on analytical thin-layer chromatoplates. It 
was dissolved in benzene (10 ml.) and again chromatographed over 


silica gel (150 g.). The middle petroleum ether-benzene (1:g) 
eluates showed two major spots on analytical thin-layer plates. 
These were separated by preparative layer Chromatography, using 
Solvent 3 as the developer. 
Xanthone II (l-Hydroxy-3$,8-trimethoxyxanthone)-The yellow 


upper zone from the preparative layer chromatography was scraped 
and eluted with chloroform. Evaporation of the solvent gave a solid 
(61 mg.), which crystallized from ethanol as pale-yellow needles, 
m.p. and mixed m.p. with an authentic synthetic sample (12) 205";  
vm.= (KBr): 3428 (broad), 2912, 2858, 1662, 1615, 1598, and 1060 
cm.-'. 


Xanthone III (l-Hydroxy-3,7,8-trimethoxyxanthone)-The deep- 
yellow lower layer, from the preparative layer chromatography, 
gave yellow needles from ethanol, m.p. and mixed m.p. with authen- 
tic decussatin (10) 148-149". The IR spectra were also superimpos- 
able. 
Tbe solid (124 mg.), obtained from the benzene eluates (Fraction 


B), showed several spots on analytical thin-layer chromatoplates. 
It was dissolved in chloroform (10 ml.) and rechromatographed on 
silica gel (150 8.). Petroleum ether, benzene, and different propor- 
tions of their mixtures were used as the eluents. The petroleum 
ether-benzene (1:l) fraction showed two major spots on TLC. 
which were separated by preparative layer chromatography using 
Solvent 3 as the developer. 


Xanthone IV (l,E-Dihydtoxy-3b-dimethoxyxthone~The yel- 
low upper zone from the layer chromatography afforded a solid 
(48 mg.), which crystallized from ethanol as yellow needles, m.p. 
185-186" [lit. (9) rn.p. 185-186'1; Rf 0.68 (Solvent 3); v,.- (KBr): 
3438,2925,2855, 1688,1632,1600. 1050, and 978 cm.-I. 


The 8-methyl ether, prepared with ethereal diazomethane. crystal- 
lized from ethanol as pale-yellow needles, m.p. and mixed m.p. 
with xanthone 11 205'. 


Xanthone V (1,8-D~ydroxy-3,7-dimethoxyxanthone>-The yel- 
low lower layer from the preparative layer chromatography afforded 
a solid (21 mg.), which crystallized from ethanol as bright-yellow 
needles, m.p. 175-176'; R,  0.36 (Solvent 1); co-TLC with authentic 
1,8-dihydroxy-3,7-dimethoxyxanthone (10) showed a single spot 
having the same RI value. The 8-methyl ether, prepared with 
ethereal diazomethane, crystallized from ethanol as yellow needles, 
m.p. and mixed m.p. with decussatin (10) 148-149'. 


Treatment of Alcoholic Extract-The alcoholic extract of the 
defatted plant material was concentrated under reduced pressure, 
and the concentrate was allowed to stand at ordinary temperature 
overnight. The precipitated dull-yellow solid (1.2 g.) was collected 
by filtration. 


The above solid crystallized from dioxane as yellow needles, m.p. 
270-271". The mixed melting point with authentic mangiferin (10). 
m.p. 270-271 ', remained undepressed. Co-TLC with mangiferin 
showed a single spot having the same R j  value; their IR spectra 
were also superimposable. 


Mangiferin heptaacetate, prepared with boiling acetic anhydride- 
pyridine, crystallized from chloroform-hexane (1 : 4) as colorless 
needles, m.p. 214-216" [lit. (11) m.p. 228-230". 141'1. The hepta- 
acetate was also prepared with acetic anhydride and sulfuric acid 
(1 drop) at ordinary temperature. The derivative crystallized from 
chloroform-hexane as colorless microcrystals, m.p. 212-214'. 
The mixed melting point of the heptaacetates, prepared under basic 
and acidic conditions, remained undepressed. The heptaacetate did 
not give any color with ferric chloride. The IR, PMR, and mass 
spectral data of the compound were also consistent with the as- 
signed structure. 


The alcoholic mother liquor, after separation of mangiferin, was 
concentrated to a syrupy liquid. It was poured into aqueous acetic 
acid (4%, 400 ml.), The mixture was kept a t  ordinary temperature 
overnight when an amorphous solid separated. It was filtered and 
the solid was extracted with chloroform. The chloroform-insoluble 
solid was processed for polyhydroxylated xanthones (Fraction C). 
The chloroform-soluble fraction was combined with the chloroform- 
soluble acetates. The clarified aqueous acidic solution was extracted 
with chloroform (four 1Wml. portions) to remove the chloroform- 
soluble acetates. The combined chloroform extracts were washed 
with water, dried (anhydrous sodium sulfate), and evaporated to 
give a yellow solid (82 mg.). 


Xanthone VII (1,3,8-Trihydroxy-5-methoxyxanthone)-The above 
solid was triturated with ethanol when a further crop (18 mg.) 
of mangiferin (VI) was obtained from the alcohol-insoluble frac- 


Xanthone VI (1,3,6,7-Tetrahydroxy~thone-Cy~-~-glu~de)- 
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Table I-W Spectral Data of the XanthoneP of S. chlmta RO 0 HO 


Xanthone nm. (log e) 


I 


II 


IV 


220 (423,240 (4.15), 255 (4.20), 277 (4.10). 305-310 sh 


220 (4.08), 230-235 sh (4.15). 250 (4.40), 274 (3.92), 332 


235 (4.30), 251 (4.42). 275 (4.21), 295-297 (3.80). 332 


(3.71). 329 (3.92) 


(3.88) 


(3.98) 


(4.08) 
VII 220 (4.20), 252 (4.32), 276 (4.18), 305-310 sh (3.73), 339 


VIII 239 (4.28), 267 (4.52), 332 (4.10), 390 (3.88) 


W data of other xanthones were previously recorded (10). 


tion. The alcohol-soluble fraction, on concentration, afforded pale- 
yellow needles, m.p. 263-265" @it. (12) m.p. 263-264'1; R, 0.48 
(Solvent 2); Y- (mineral oil): 3435, 3082, 1652, 1630. 1610, 1592, 
1508,1262, 1240, 1202, 1180, and llSOcm.-l. 


The 3,8-dimethyl ether, prepared with ethereal diazomethane. 
crystallized from ethanol as light-yellow needles. m.p. and mixed 
m.p. with xanthone I1 205". 
Pdybydmxyxanthones (Xanthone VIIX and Xanthow IX)- 


The chloroform-insoluble solid (Fraction C) (1.34 g.) showed 
several spots on TLC plates (Solvent 4). Attempts to separate them 
by preparative layer chromatography failed. A portion of the solid 
(about 0.2 g.) was methylated with ethereal diazomethane. The 
ether-soluble fraction, consisting of a mixture of methyl ethers, was 
subjected to preparative layer chromatography using Solvent 3 as 
the developer when two major zones were separated. The upper 
zone afforded l-hydroxy-3,5,8-trimethoxyxanthone ([I), while the 
lower zone gave l-hydroxy-3,7,8-trimethoxyxanthone (111). No 
spot corresponding to l-hydroxy-3,6,7-trimethoxyxanthone or the 
methyl ethers of 1.3.5- or 1,3,7-trioxygenated xanthones could be 
detected in the presence of authentic markers. Complete demethyla- 
tion of the hvo methyl ethers with hydrobromic acid (48%) af- 
forded the respective tetrahydroxyxthones-oiz., 1,3,5,8-tetra- 
hydroxyxanthone (VIII) and 1,3,7,8-tetrahydroxyxanthone (IX). 
The natural mixture of the polyhydroxylated xanthones, present 
in Fraction C, was subjected to cochromatography with the two 
tetrahydroxyxanthones (VIII and 1X) when their presence in the 
mixture was detected. The appropriate fractions from the natural 
mixture were separated by preparative chromatography and 
examined spectrometrically (Tables I-III), which established their 
identities. 


RESULTS AND DISCUSSION 


Nine tetraoxygenated xanthones (I-IX) were isolated from the 
aerial parts of S. chirato Buch.-Ham. (Gentianaceae). Isolation and 
purification of the compounds involved solvent extraction, frac- 
tional crystallization, repeated column and preparative layer 
chromatography, and preparation of derivatives where possible. 
The identity of the xanthones was established by direct comparison 
(mixed melting point, CO-TLC, and superimposable IR spectra) 
with authentic reference materials and from spectral (UV, IR, 
PMR, and mass spectr0rnetry)evidence (Tables 1-111). The charac- 


Table II-PMR Spectral Datao of the Xanthonesb of S. chimru 


I: R, = CH,; R, = R, = H 


IV: R, = R, = CH,; R, = H 
VII: R, = R, = H; & = CH, 


111: R, = R, = R, = CH, 


IX: R, = & = R, = H 
11: R, = R, = R, = CH, V: R, = R, = CH,; Rj = H 


VIII: R, = R, = R, = H 
0 HO 


VI 


terization of the xanthones is described here in the order of their 
isolation from the plant extract. 


Xanthone I-This xanthone, Ct4H& (M+, 274), m.p. 271". 
formed a dimethyl ether with ethereal diazomethane. The UV 
absorption spectrum of the xanthone (Table I) indicated its close 
similarity with 1,3,5,8-tetraoxygenated xanthones (9). The UV 
spectrum remained unchanged in the presence of sodium acetate. It 
showed one methoxyl group and four aromatic protons in its PMR 
spectrum (Table 11). The aromatic protons appeared as meta and 
ortho split doublets associated with H-2, H-4, H-6, and H-7 pro- 
tons, respectively. A broad two-proton signal appeared at 13.5 
p.p.m. and was assigned to the chelated 1- and 8-OH protons. The 
mass spectrum of the compound showed, aside from the molecular 
ion as the base peak, a significant peak due to the fragment ion 
M - 29 (Table 111) associated with the loss of CHO from the Cj- 
OH group (10). On the basis of these data, together with its insolu- 
bility in 5% aqueous sodium carbonate, xanthone I is identified as 
1,5.8-trihydroxy-3-methoxyxanthone. 


Xanthone II-This xanthone. CISHI~O, (M+, 302). m.p. 205". 
formed a monomethyl ether with dimethyl sulfate and potassium 
carbonate. It remained unchanged upon treatment with ethereal 
diazomethane. The UV absorption spectrum of the compound indi- 
cated its close similarity with 1,3,5,8-tetraoxygenated xanthones 
(9). In the PMR spectrum of the xanthone. nine protons due to 
three methoxyl groups and four aromatic protons appeared as mera 
and ortho split doublets due to H-2, H-4, H-6, and H-7 protons, 
respectively. A one-proton signal appeared at  13.33 p.p.m., which 
remained unchanged upon treatment with deuterium oxide, and 
was ascribed to the strongly chelated 1-OH. The mass spectrum of 
the xanthone showed, aside from the molecular ion peak, significant 
peaks at m/e 287 (M - 15) and 259 (M - 43), associated with the 
losses of the CH, radical and G H I O  complex from the molecular 
ion. On the basis of these observations, xanthone I1 is identified as 
l-hydroxy-3,5,8-trimthoxyxanthone. This conclusion was estab- 
lished by a direct comparison with an authentic synthetic sample. 


Xanthone III-This xanthone, C I ~ H I ~ O ~  (M+, 302), m.p. 148- 
149". was found to be identical with decussatin in all respects (10). 


Xanthone IV-Xanthone IV, ClsHI&(M+, 288). m.p. 185-186", 
is a dihydroxydimethoxyxthone since it formed a diacetate and 


Chelated Methoxyl 
Xanthone Hydro x y 1 Protons H-2 H-4 H-5 H-6 H-7 H-8 


Ic 13.5 3.90 6.3216.29 6.5816.54 - 7.3817.22 6.7516.60 - 
(broad) (3H) 


(1-OH) (9H) 
IId 13.33 4 .O-3.95 6.4816.43 6.6516.60 - 7.4017.24 6.8816.72 - 


IVd 11.96,ll.. 33 4.0-3 :95 6.4216.37 6.6416.60 - 7.4017.24 6.8416.68 - 
(1- and 8-OH) (6H) 


(broad 1-OH) (3H) 
vii. 13.45 3.90 6.3016.26 6.5816.55 - 7.3317.17 6.1416.59 - 


The signals (in parts per million) were recorded from tetramethylsilane. PMR data of other xanthones were previously recorded (10). Solvent 
dimethyl sulfoxide-da. * Solvent deuteriochloroform. 
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Tabk IU-Mass Spectral Data of the Xanthoaeso of S. chimta 


o&6. - HO*!rlUC 0 HO 


0 OH 
VI t 


Molecular Metastable Peaks. 
Ion, Significant Peaks, -m/e_L_  


Xanthone m/e (%) mle (%I Calc. Found 


I 274 (100) 259 (3), 246 (7), 274 - 245 
m* 


245 (17), 231 (14), 219; 
217 (8), 216 (7) 


219 


m* 


I1 302 (100) 287 (18), 273 (7), 3 0 2 5  287 
259 (8), 231 (3) 272.7; 273 


m* 
IV 288 (100) 273 (22), 258 (5). 288 + 273 


245 (7). 230 (16) 258.7; 259 
m* 


VII 274 (100) 259 (14). 231 (18), 2 7 4 2  259 
203 (8) 244.8; 245 


VIII 260 (100) 242 (8), 232 (7). 
231 (18). 203 (6) 


~~~~ ~ ~ 


Mass spectral data of other xanthones were previously recorded 
(10). 


a monomethyl ether (CHsNt). The U V  spectrum of the xanthone 
showed its close similarity with 1,3,5,8-tetraoxygenated xanthones 
(9). The UV spectrum remained unchanged in the presence of 
sodium acetate. It showed two methoxyl groups and two meta and 
two orrho split doublets in its PMR spectrum. These data and its 
insolubility in 5% sodium carbonate located one of the methoxyl 
groups at C,. The abundance of the M - 15 and M - 43 peaks in 
the mass spectrum of the xanthone (Table 111) is consistent (10) 
with the location of the other methoxyl group at Cs. The mono- 
methyl ether of the xanthone was identical with xanthone 11. On the 
basis of these observations, xanthone IV is identified as 1,8-dihy- 
droxy-3,5-dimethoxyxthone. 


X ~ t h ~ n e  V-This xanthone, ClrHlrOe (M+, 288), m.p. 175-176", 
is a dihydroxydimethoxyxanthone. Its UV absorption spectrum was 
similar to those of 1,3,7,8-tetraoxygenated xanthones (10. 12). The 
UV spectrum remained unchanged in the presence of sodium ace- 
tate. The PMR spectrum of the xanthone showed two methoxyl 
groups and four aromatic protons associated with H-2. H-4, H-5, 
and H-6 (10). The mass spectrum of the xanthone indicated that 


the two methoxyl groups are a t  the CI and C, positions (10). This 
conclusion was confirmed by direct comparison of its monomethyl 
ether with decussatin (10); they were identical. Xanthone V is, 
therefore, identified as 1,8dihydroxy-3,7-dimethoxyxanthone. 


Xantbone V1-Xanthone VI, ClsHlsOll (M+, 422). m.p. 270- 
271 O ,  was identical with mangiferin in all respects (10). 


Despite several reports in the literature (11, 12, 14) that mangi- 
ferin gave an octaacetate under certain experimental conditions, 
the present investigation conclusively proved that the acetyl deriva- 
tive formed, under both basic and acidic conditions, was only the 
heptaacetate. Furthermore. no trace of isomangiferin, which is 
commonly known to  accompany mangiferin in nature (13), was 
observed in S. chirara. 


X ~ t h o n e  W-This xanthone, C1,HloOs (M+, 274). m.p. 263- 
265", is a trihydroxymonomethoxyxanthone since it formed a 
dimethyl ether with ethereal diazomethane and showed one che- 
lated hydroxyl, one methoxyl, and four aromatic protons in its 
PMR spectrum. The U V  spectrum of the xanthone was closely 
similar to those of 1,3,5,8-tetraoxygenated xanthones. There was a 
bathochromic shift of the longer wavelength maximum by about 
20 nm. in the presence of sodium acetate. The xanthone was also 
soluble in 5% aqueous sodium carbonate. These properties are 
consistent with a free C&H group in the molecule. The xanthone 
exhibited abundant fragment ions at m/e 259 (M - 15) and 231 
(M - 43) in its mass spectrum (Table 1111, which located the 
methoxyl group at  Cs. On the basis of these data, xanthone VII is 
identified as 1,3,8-trihydroxy-5-methoxyxanthone. 


Xanthones VIII and IX-The tetrahydroxyxanthones (VIII and 
IX) could not be separated from the mixture of polyhydroxy- 
xanthones. Methylation with diazomethane and preparative chro- 
matography provided separation of the corresponding trimethyl 
ethers, which were identified as l-hydroxy-3.5,8-trimethoxyxan- 
thone and l-hydroxy-3,7,8-trimethoxyxanthone by direct compari- 
son with reference samples. Complete demethylation of the methyl 
ethers afforded the tetrahydroxyxanthones as the pure entities. 
The natural mixture of the polyhydroxyxanthones from S. chirara 
was shown to contain these components by co-TLC and prepara- 
tive layer chromatography. Comparison- of the spectral properties 
of these compounds finally established their structures as 1,3,5,8- 
tetrahydroxyxanthone (VIII) and 1,3,7,8-tetrahydroxyxanthone 
(1x1. 


This study was the first demonstration of the occurrence of 1- 
hydroxy-3,5,8-trimethoxyxanthone (11) in nature and of mangiferin 


0 0  0 0 0  0 0 0  


o)J$)&o 0 0 2% o w o  0 # 0 0 


toridation 1-HP 1-" 
0 0  HO 0 HO 


5dehydroshikimic acid + phloroglucinol equivalent 


Scheme 11-Spiran intermediates in rhe biogenesis of tetraoxygenated xanthones of S. chuata 
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(VI) in the genus swertia. Mangiferin was encountered only once 
before in this family (Gentianawe) in Cansccrra decussara Schult 
(lo), along with other polyoxygenated xanthones (14). This finding 
is of considerable systematic significance since mangiferin has a 
uniquely interesting taxonomic character ; both in its distribution 
and biogenesis. it seems to be more closely related to the flavonoids 
than to other xanthone derivatives (5). 


The roots of S. chirara contained the same tetraoxygenated 
xanthones as in the aerial parts, but the content of mangiferin was 
less in these parts. No qualitative nor quantitative difference was ob- 
served in the xanthonic constituents in S. chirara plants collected 
from Nepal and India. The content of mangiferin declined upon 
preservation of the plants. 


Despite the abundance of the tetraoxygenated xanthones in S. 
chirota, the corresponding ‘‘standard” 1,3,5- and 1,3,7-trioxygen- 
ated patterns are completely missing from this plant. In the review 
of Carpenter cr af. (3, S. chirata was wrongly reported to contain 
1,3,7-trioxygenated xanthones, since in the original paper by Dalal 
and Shah (4) the plant was reported to contain only 1,8-dihydroxy- 
3,5-dimethoxyxanthone. In other members of the genus swertia, 
no trioxygenated xanthone was encountered (15). This is particu- 
larly ger;nane to the biosynthesis of the 1,3,5,8- and 1,3,7,8-tetra- 
oxygenaied xanthones of swertia plants. The tetraoxygenated 
xanthones are envisioned as arising from the standard trioxygenated 
(1,3,5- and 1,3,7-) xanthones by further oxidation at one of the 
activated sites (CS or G). The absence of the trioxygenated xan- 
thones and also of the 1,3,5,6-tetraoxygenated patterns in the 
members of swertia returns the question to a standsff. It remains 
to be seen whether these compounds actually represent different 
modes of cyclization in different taxa, e.g., the coupling route (18, 
19) or the spiran intermediate proposed by Gottlieb(20), or whether 
there is a single path clouded by branching and/or adventitious 
oxidation. A probable route, involving spiran intermediates, is 
proposed for the genesis of the tetraoxygenated xanthones and of 
mangiferin present in S. chirara. The general scheme (Scheme 11) 
could also account for the genesis of mangiferin and the more 
complex polyoxygenated xanthones co-occurring in C. decussata 
(10, 16). 


In addition to the tetraoxygenated xanthones, several hetero- 
sides, triterpenes, and monoterpene alkaloids wece isolated (Scheme 
I) from the roots and the aerial parts of S. chirara. Structure elucida- 
tion of these constituents is currently underway. 


The results of detailed pharmacological screening of mangiferin 
was previously reported (21). Preliminary screening of the total 
xanthones of S. chirata showed definite signs of CNS depression 
in albino mice and rats. The effect was manifested by initial transient 
hyperactivity followed by moderate to deep depression, potentia- 
tion of hexobarbital sleeping time (by about 145x), and antago- 
nism to 5-methoxy-N,N-dimethyltryptamine (22). Hydrocholeretic, 
cardiostimulant, and anticonvulsant effects were also observed. 
These activities were determined according to the methods reported 
earlier (21). The percentage protection offered by the total xan- 
thones of S. chirara against convulsions produced by the adminis- 
tration of pentylenetetrazol was taken as the anticonvulsant 
activity and was found to be about 65X. The total heterosides 
showed only feeble activities with these parameters. These observa- 
tions Seem to indicate that the curative properties ascribed to the 
S. chirara plant extracts, in the Jndian system of medicine ( I ,  2), are 
due to the contained tetraoxygenated xanthones and their 0-glu- 
cosides. 
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Physiological Disposition of a New Diuretic, 
"C-Metolazone, in Dogs 


A. I. COHEN*, A. D. HARTMANt, 0. N. HINSVARK', P. F. KRAUS, and W. ZAZULAK 


Abstrnd 0 Counting procedures using I4C were used to follow the 
concentration of metolazone and its metabolites in the blood, 
plasma, plasma water, bile, urine, and feces of dogs given single 
oral or intravenous doses of metolazone. Doses were administered 
orally from 0.1 to  50 mg./kg. and intravenously from 0.1 to 5 mg./kg. 
Regardless of the route of administration, a log-log relationship 
existed between the peak blood level and the dose. Within the blood, 
the drug was distributed among the fractions acTording to the 
approximate proportion: 80% erythrocyte, 15% plasma, and 5 %  
plasma water. The appreciable hemoglobin and albumin protein 
binding of drug may explain the relatively long half-life, 5-6 hr., 
of the total counts in circulation from an intravenous dose of 5 
mg./kg. Hydroxylated and further products of oxidation accounted 
for 40-60z of the excreted drug. There did not appear to be any 
accumulation or preferential retention of drug or metabolites. 
This was coupled with a recovery of 90-100% of the dose in urine 
and feces. The rate at which the metabolites were excreted via the 
urine was equivalent to that of the intact drug. In intravenous 
studies, excretion of drug occurred primarily in the urine; about 
25 


Keyphrases 0 Metolazone, radiolabeled-absorption, distribution 
after oral and intravenous administration, dogs 0 Blood level- 
time relationships-metolazone after oral and intravenous ad- 
ministration, dogs 0 Plasma protein binding-metolazone after 
oral and intravenous administration, dogs 0 Absorption, drug- 
metolazone after oral and intravenous administration, dogs 0 
Excretion, drug-metolazone and metabolites after oral and intra- 
venous administration, dogs 


of the dose may be excreted in the bile. 


Metolazone (7-chloro-l,2,3,4-tetrahydro-2-methyl-4- 
oxo-3-o-tolyl-6-quinazolinesulfonamide) is a new 
diuretic agent (1, 2) structurally (I) related to quine- 
thazone. This quinazolinone derivative has been shown 
in both the rat and dog to be a potent, long-acting 
diuretic and natriuretic agent, exhibiting low kaliuretic 
activity and possessing virtually no toxic side effects 


In the present studies, dogs were given single oral or 
intravenous doses of the "C-labeled drug over a wide 
dosage range to elucidate several parameters of drug 
disposition in this species. Among the parameters 
studied were blood level-time relationships, the biologi- 
cal half-life in plasma, and the extent of binding to 
plasma proteins and erythrocytes. Several possible 
routes of drug metabolism were deduced from identi- 


(394). 


1: metolazone (the asterisk indicates the position of the labeled 
carbon atom) 


1 Zaroxolyn, Pennwalt Corp. 


fication and quantitation of metolazone and metabolites 
in urine and feces. The extent of biliary secretion was 
also examined. 


MATERIALS AND METHODS 


Purebred female beagle dogs, weighing 7-10 kg., were housed in 
individual stainless steel metabolism cages. The dogs were fed daily 
between 2:OO and 4:OO p.m. and allowed water ad libitum. The 
drug was administered between 8 :OO and 9 :00 a.m. on the day of the 
experiment. For intravenous administration, the compound was 
dissolved in a few drops of acetone and brought to volume with 
water or physiological saline. For oral administration, exact 
amounts of the compound were weighed on edible cachets, which 
were then placed into gelatin capsules. 


Metolazone was synthesized with W in the 2-position of the 
ring system (1) and had a specific activity' of 0.97 mc./mmole. 
Radioactivity in the blood, urine, feces, and bile was calculated as 
metolazone from the specific activity. The extent to  which these 
values represent metolazone or its metabolites is unknown in blood 
and bile. In some experiments with urine and fecal samples, how- 
ever, certain metabolites were identified and their concentrations 
were followed through the time course. The biologically derived 
samples were counted at 2" using a liquid scintillation system'. 
An external standard was utilized for correction of the quenching 
effect by relating the counting rate for the isotope in the sample to 
the increase in the counting rate of the sample when exposed to a y 
source ( I W a ) .  


Blood was collected from the jugular vein without stasis in 
heparinized tubes (Vacutainer). Urine was collected a t  prescribed 
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Figure 1-Relationship of blood and plasma Ieoels of metolazone 
andlor metabolites as a function of time following intmoenous ad- 
ministration to dogs. 


~~ ~~~ 


* Lot No. 758-961. The authors thank Dr. T. A. Davidson and Dr. 
B. V. Shetty of the Or anic Chemistry Department for the synthesis of 
the labeled drug, as we8 as Dr. T. L. Thomas and Mr. L. A. Campanella 
for their preparatlon of predicted metabolites. 


8 Mark I, Nuclear Chicago. 
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Table I-Half-Lives of 14GMetolazone in plasma and Whok 
Blood of Dogs Receiving Single Intravenous Doses of the D r u g  


Dose. Whole Blood, Plasma, 
mg./kg. hr. hr. 


2 4 6 8 10 12 


Figure 2-Cumulatiw excretion of metolazone and/or metabolites in 
the bile of a dog given a I-mg./kg. i.0. dose of the drug. Bile was col- 
lected through a polyethylene catheter which had been surgically 
placed in the common bile duct theprecedingday. 


HOURS AFTER DOSE 


intervals with a metal catheter and, between catheterizations, from a 
metal pan in the metabolism cages. The volume collected over a 
given interval included the urine voided into the pan of the metab- 
olism cages as well as that obtained by catheterization. Aliquots 
of blood and plasma (0.2 ml.) were prepared for liquid scintillation 
counting according to the method of Mahin and Lofberg (5). One 
milliliter urine and 1 ml. 95% ethanol were mixed with 15 ml. 
Bray's solution for liquid scintillation counting (6). All samples 
were prepared in duplicate, and results are reported as the average 
values. While substantiating this method, known amounts of labeled 
metolazone, which had been added to blood, plasnia, and urine, 
were fully recovered (mean f SD = 102.5 j= 3.2, n = 18). 


The values for metolazone associated with the erythrocyte frac- 
tion were determined from the differences in the concentration of 
the drug in 1 ml. of whole blood and in the plasma thereof as deter- 
mined from the hematocrit value. To calculate the total amount of 
drug in the circulation, total blood volume was assumed to be 
10% of body weight. Ultrafiltrates for the measurement of drug in 
the plasma water were prepared by a modification (7) of the method 
described by Coolidge (8). For liquid scintillation counting, 1 ml. 
water was added to the aliquot of the ultrafiltrate (which was usually 
less than 1 ml.) plus 15 ml. Bray's solution. 
Feces were collected from the metabolism cages and frozen until 


analyzed. The thawed feces were homogenized in acetone and 
extracted by reflwing (soxhlet) overnight. One-milliliter aliquots of 
the acetone extracts were counted as described for urine samples. 
To be certain that all radioactivity was extracted, 30-mg. samples of 
the dried acetone-extracted fecal material were prepared in the 
same manner as already described for blood and plasma and were 
found to contain no counts significantly higher than background. 
Since most of the urine was collected by catheterization at  frequent 
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Figure 3-Lmels of metolazone andlor metabolites in whole blood 
following oral administration of the drug at the doses indicated. Each 
curve represents the blood levels obtained from a single dog. 
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0 The rate constant for disappearance was calculated from the dis- 
appearance portion of the blood and lama concentration-time curves 
by least-squares regression analysis. de half-lives were calculated from 
the rate constant. 


intervals, there was little chance for contamination of the feces by 
voided urine. In the daytime, fecal material was removed as soon as 
it was observed in the cage. 
To study biliary excretion, two in-dwelling polyethylene catheters 


were inserted into the common bile duct of a dog under pentobar- 
bital anesthesia. One catheter was directed upward toward the gall- 
bladder; the other was directed in the opposite direction toward 
the duodenum. The two free ends were united to form a loop out- 
side of the animal which permitted uninterrupted bile flow. The 
morning following surgery, a 5-mgJkg. dose of 14C-metolazone 
was given intravenously and the loop was disconnected to allow 
bile collections from the proximal tube. The distal tube was clamped 
until the end of the initial 12-hr. collection period. During the 12- 
24-hr. interval of the experiment, the loop was reconnected to 
allow biliary flow to the duodenum. Aliquots of 0.1 ml. of the bile 
were prepared for liquid scintillation counting as described for 
blood and plasma. 


The disappearance rate of drug from whole blood and plasma 
was determined using least-squares regression analysis (9). A num- 
ber of predicted metolazone metabolites, which included hydroxy- 
lated and further oxidized products (Scheme I), were synthesized' 
to serve as standards for the identification and quantitation of 
metabolites in urine and feces by a method previously described 
(10). Briefly, this procedure involves a liquid chromatographic 
analysis of the chloroform-extractable tagged drug and its metab- 
olites. These materials were extracted into chloroform, concen- 
trated by removal of the solvent under nitrogen, reconstituted with 
100 ml. tetrahydrofuran, and injected into a liquid chromatograph6. 
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Figure &Relationship between peak blood and plasma levels of 
metolazone and/or metabolites as a function of dose. Metolazone was 
administered by both the oraland intravenous routes. 


By the Organic Chemistry Department, Pennwalt Corp. 
6 Waters ALC-100. 
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ToMe II-Metolezone and Converted Metolazone in Feces of Dogs Administered 2 mg./kg.a 


r Distribution in Feces - 
----------Oral Percent of \ Intravenous Percent of Dose----- 


Hours Converted Converted 
Postdose Total Metolazone Metolazone Total Metolazone Metolazone 


12 
24 
30 
48 
72 


- 
0.6 


17.6 
2.4 


- 
- 


NMb 


3.0 
0 .2  


- 
- 


NM 


14.6 
2.2 


- 
54.8 
2.4 
3.0 
3.3 
1.7 


51.6 
1.8 
1 .8  
1.9 


NM 


3.2 
0.6 
1.2 
1.3 
NM 


0 Metolazone and metabolites were determined in acetone.extracts of the fecal sam les by separation by two-dimensional TLC. comparison of 
the Rj's with known standards, and quantitation by liquid scintillation counting. b Nd = not measured. 


Measurements were obtained by either utilizing peak height pro- 
portions or collecting individual fractions and obtaining the disin- 
tegrations per minute count. This method led to the identification 
of metabolites that were extractable into chloroform from the 
aqueous phase at about pH 5. The remaining counts in the aqueous 
phase were not identified. 


RESULTS 


Blood Levels and Excretion following Single Intravenous Dorm- 
The concentrations of total radioactivity expressed as metolazone 
in the whole blood and plasma after intravenous doses of 0.1. 1.0, 
and 5.0 mg./kg. are shown in Fig. 1. Linear semilogarithmic plots 
of drug levels oersus time were obtained over the major portion of 
the curves prepared from these data. A half-life of 5-6 hr. for 
metolazone in blood and plasma was obtained (Table I). Metolazone 
was no longer detectable in the blood at the end of 24 hr. for the 
low doses and 72 hr. for the highest dose. Close to 70% of the label 
was recovered in the urine of these animals. Fecal material was 
not analyzed. 


BUiary Excretion of Metokme and Metabolites-The cumulative 
percent excretion of radioactivity in the bile after a Smg./kg. intra- 
venous dose is depicted in Fig. 2. The bile was collected at 15-30- 
min. intervals. At the end of the initial 12-hr. collection period, 
approximately 25 % of the labeled dose was recovered through the 
bile duct fistula. Several peaks in both concentration and the total 
amount of drug excreted over the collection intervals were observed 
and were interpreted as intermittent contractions of the gallbladder. 
Initial attempts to chromatograph biliary extracts and to identify 
unconverted drug and its metabolites were not successful. To deter- 
mine indirectly the extent of excretion of metabolites in the bile, 
the distribution of metabolites was determined in the feces of a dog 
receiving a 2-mg./kg. i.v. dose. About 20% of the label was excreted 
in the feces in 72 hr., of which about 80% was metabolites (Table 
11). For an equivalent oral dose, 65% of the dose was excreted in 
the feces in 72 hr., of which only about 10% was metabolites. These 
results would indicate that incomplete absorption occurred from 
the GI tract and that biliary excretion consists primarily of metab- 
olites. 


Absorption and Excretion foUowing Single Oral Doses--The 
blood levels of metolazone and/or metabolites at various time 
intervals following oral doses of 0.1, 1.0, 2.0, 5.0, 10.0, and 50.0 
mg./kg. are shown in Fig. 3. Excellent correlations exist between the 


Table III-Relationship between Dose, Peak Blood Levels, and 
24-hr. Urinary Excretion of Metolazone 


24 hr. Peak B l e .  Level 
-Dose? -Urinary Excretion- Reached witlun 24 hr. 
mg./kg. Rahoa mg./kg. Ratioo mcg./ml. Ratioa 


0.1 1 0.055 1 .o 0.07 1 .o 
1 .o 10 0.26 4.6 0.47 6.7 
2.0 20 0.60 10.9 0.97 13.9 
5.0 50 2.06 36.8 2.65 37.8 


10.0 100 2.08 37.8 4.03 57.6 
50.0 500 8.22 145.4 10.22 146.0 


a Ratio of value at lowest dose level,to the indicated value. All animals 
received the dose by oral administration. 


log of the different dose levels studied and both the log of theii 
respective peak blood levels (Fig. 4) and the cumulative 24-hr. 
urinary drug excretion. A good relationship also exists between 
peak blood level and cumulative 24-hr. excretion in urine, as shown 
in Table 111. There was a substantial rise in the peak blood level 
(Figs. 3 and 4) as well as the duration of measurable blood levels at 
each increment of oral dose up to 50 mg./kg. (Fig. 3). The same 
relationships held for intravenous doses of 0.1-5 mg./kg. (Figs. 1 
and 4). 


The cumulative urinary and fecal excretion of the orally adminis- 
tered drug is shown in Table IV. Over the dose range administered, 
74-100% of the dose was recovered. With increasing dosage, the 
percent of the administered dose excreted in the urine decreased, 
with concomitant increases being found in the feces. This would 
imply an inverse relationship between bioavailability and dose. 


Distribution of Drug In Blood Fractions-The distribution of drug 
and/or metabolites between erythrocytes and plasma at peak blood 
levels for oral and intravenous doses is shown in Table V. More 
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Figure 5-Distribution of metolazone andlor metabolites as a func 
tion of time in the blood fmcrions of a dog given an oral 2-mg.lkg. 
dose of metolazone. The whole blood concentmtion is considered to be 
100%. 
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Figure +Distribution of metolazone and/or metabolites in the 
plasma of a dog given an oral 2-mg.lkg. dose of metolazone. The whole 
plasma concentration is considered to be 100 %. 
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Table IV-Recovery and Distribution of Metolazone Radioactivity as Found in Urine and Feces of Dogs after Administration of 
Various Oral Dose Levels 


~~ 


Cumulative Percent of Dose in Urine Cumulative Percent of Dose. in Feces 
c Hours Hours . Total 


me./ks. 12 24 48 72 96 12 24 48 72 96 Recovery, x Dose, 


1 0  - 26.2 43.8 56.3 58.5 - - - 24.0 28.5 87.0 
0.1 - - - - - - - - 46.4 55.6 65.2 


. 


2.0  23.2 30.2 34.0 34.8 - 54.8 57.2 63.5 65.1 - 9919 
5 . 0  26.1 41.1 50.0 51.0 - 0.2 9.7 41.7 - - 92.7 


10.0 17.8 20.8 22.1 22.7 - - 74.4 74.7 75.3 - 98.0 
50.0 - 16.4 24.9 25.1 25.2 - 37.5 47.8 48.5 48.6 73.8 


drug was associated with the erythrocyte fraction, as demonstrated 
by the fact that the erythrocyte to plasma ratio was greater than 1. 
The only exception was the S-mg./kg. i.v. dose, in which the ratio 
was less than 1. This may be a function of the dose and the route of 
administration. 


The distribution of radioactivity as a function of time between the 
three blood fractions-erythrocytes, plasma proteins, and plasma 
water-at the 2-mg./kg. oral dose is shown in Fig. 5. Close to 80% 
of the drug was bound to  erythrocytes and about 15% was found in 
whole plasma, with only 5 % or less actually in solution in the plasma 
water following equilibration of the labeled material between the 
three blood fractions. The consistency of the distribution within 
the plasma with time for this dog is shown in Fig. 6. In the plasma 
fraction, over a concentration range of 18-699 ng./ml., 80x of the 
drug was bound to proteins. Only 2 0 x  appeared free in the water. 


The disappearance half-lives of total “C in the case of the oral 
doses were similar to the intravenous values, as calculated from 
results in Fig. 3. The half-life was about 6 hr. with the exception 
of the dog that received 1 mg./kg. orally and had a half-life of 29 hr. 
The reason for this result has not been explained. 


The volumes of distribution that could be estimated from the 
plasma drug levels following the intravenous doses approximated 
a volume equivalent to the total body water. If the amount of drug 
dissolved in the plasma water was used, the volume of distribution 
greatly exceeded the total body water, indicating substantial binding 
of the drug in the body tissues. 


Where data were available from both intravenous and oral 
dosages, the bioavailability of the oral dose was estimated by com- 
paring the area under the plasma concentration-time curve to that 


of its respective intravenous dose. At the 0.1-mg./kg. dose, the 
bioavailability of the oral dose was 80x that of the intravenous 
dose. When the doses were raised to  1 and 5 mg./kg., the bioavail- 
ability decreased to 52 and 38 x, respectively. 


Metabolite Ideatifkation-Some predicted metabolites are shown 
in Scheme I. The distribution of drug and metabolites found in the 
total 24-hr. urine and fecal samples for dogs receiving oral and 
intravenous doses is shown in Table VI. The bulk of the metabolites 
are hydroxylated derivatives of the native drug. As much as 25- 
50% of the label remained unextractable and in the aqueous phase. 
This fraction represents more polar derivatives, although this can- 
not be stated with certainty since the partition coefficients for the 
known metabolites in this extraction system are not known. 


The rate of urinary excretion of unconverted metolazone and of 
total metabolites in the urine of dogs receiving 5 mg./kg. of metola- 
zone by either the oral or intravenous route is shown in Fig. 7. The 
rate is expressed as the amount of metolazone to be excreted in the 
urine as a function of time following drug administration. The 
amount to be excreted in the urine is defined as the total amount of 
drug eliminated by this route minus the amount found in the urine 
up to the time indicated on the abscissa. When administered intra- 
venously, both metabolites and unconverted metolazone were 
excreted rapidly at equivalent first-order rates for the first 8 hr. 
After this time, a second slower first-order rate loss was evident. 
Following oral administration, the rate of excretion of both un- 
converted metolazone and metabolites was very slow for the first 
6-8 hr. Following this slow phase of elimination, a rapid first-order 
loss of metolazone and metabolites was observed, which appeared 
to parallel the first phase of elimination following the intravenous 


c1 


NH,SO, 


N . k  HO SR 760375 
N . k  


Scheme I-Structures of some possible metabolites of metolazone. N.A. indicates that a suitable standard was not aoailable. 
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Table V-meet of Dose and Route of Administration on Drug 
Distribution between Erythrocytes and Plasma at the 
peak Blood Level 


Dose, 
mS. /h .  


peak 
Time, 


hr. 


Ratio 


Blood Erythrocyte Plasma Plasma 
Percent DOW- Erythrocyte 


0.1 
1 .o 
5.0 


0.1 
1 .o 
2.0  
5.0 


10.0 
50.0 


- 
- - 


2.5 
4 .0  
2 .0  
6 . 0  
2.0 


24.0 


Intravenow Route 
12.3 7 .8  4 .5  1.7 
14.6 9.8 4.8 2.0 
18.7 5 . 8  12.9 0 . 4  


6 . 4  4.1 2 .3  1 . 8  
4 . 4  2 .9  1.5 1.9 
4 . 9  2 .9  2 .0  1.4 
5 . 5  3 .6  1 .9  1 . 9  
4.0 1 . 6  1.4 1.8 
2 . 2  1 . 3  0 .9  1 .4  


Oral Route 


dose. At lower doses, administered both orally and intravenously, a 
single exponential rate of excretion in the urine was observed, 
which was equivalent to the slower phase for the intravenous dose 
in Fig. 7. 


DISCUSSION 


Drug distribution and excretion studies were conducted with 
single intravenous and oral doses of metolazone. Peak blood levels 
are related exponentially to the amount of drug administered over a 
wide dosage range, up to and including the %mg./kg. dose. Studies 
conducted in the rat (1 1) demonstrated a loss of linearity above this 
dose. This relationship has not been studied in dogs at higher oral 
doses. but there is a tendency (Fig. 4) that indicates that linearity 
may have been lost at the 50-mgJkg. dose level. This phenomenon 
may be explained in part by the low solubility of the drug and 
decreased absorption at higher doses, as evidenced by the inverse 
relationship between bioavailability and dose. In addition, Table 111 
shows that 'the ratios (value at selected dose/value of lowest dose) 
for drug excreted over 24 hr. and also for blood levels reached 


The ratios for these two parameters, however, are approximately 
equal for any given dose level. By implication, therefore, one would 
expect that urinary drug excretion would follow a pattern related 
to the peak blood levels. 


An important property of metolazone is believed to be the extent 
to which it is bound by erythrocytes and plasma proteins of many 
species, including man (12). In the present studies, the red cell/ 
plasma ratio of metolazone plus its metabolites was always greater 
than unity; with chlorothiazide, this ratio was always less than unity 
(13). Another important parameter is the extent of protein binding 
in plasma, since the concentration of the unbound drug in this frac- 
tion is believed to be a reasonable estimate of both the free con- 
centration in the extravascular fluids and the pharmacologically 
active concentration in uivo (14). Within the plasma fraction, ap- 
proximately 80% of the metolazone is bound. Other diuretic drugs 
are bound to plasma proteins to a variable extent in mammals: 
chlorothiazide (15, 16), 4045%; hydrochlorothiazide (161, 66%; 
trichlormethiazide (16), 80%; mefruside (16), 8 0 4 5 % ;  poly- 


during each 24-hr. interval are less than ?? t e ratios for the doses. 
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Figure 7-Urinary excreiion of metolazone and metabolites follow- 
ing the oral and intrauenous administmtion of 5 mg./kg. to dogs. The 
amount of drug to be excreted is defiled as the total drug excreied in 
the urine minus the total amount of drug excreted at any given rime 
period. 


thiazide (15, 16), 85Z; and hygroton (17), 85%. The apparent 
volume of distribution of metolazone, calculated from the blood 
level data, was found to be in excess of the total body water, in- 
dicating extensive binding by not only blood but by tissue proteins 
as well. 
Because of the limited intestinal absorption and low water solu- 


bility of this drug, it is difficult, if not impossible, to obtain high 
enough blood levels of the drug to saturate the binding sites on 
plasma proteins and to  decrease the ratio of bound to  free drug. 
In the case of the 2-mg./kg. oral dose (Figs. 4 and 5),  only about 
20% of the total drug found in the plasma of dogs was actually 
in solution as an unbound entity throughout the 2-day period of 
the study, regardless of the drug concentration in the whole plasma. 
A similar inability to saturate the plasma binding capacity was 
observed in the rat where doses as high as 1.25 g./kg. were admin- 
istered ( 1  1,12). 


Rather than express the association of metolazone with plasma 
proteins as percent bound, it would be more informative to  calculate 
the dissociation constant of the drug-protein complex. To gah 
further insight into this interaction, the apparent dissociation con- 
stant (kdp) was calculated from the plasma levels of the dog given 
2 mg./kg., using certain assumptions. Preliminary in oirro experi- 
ments from this laboratory, with the use of various canine plasma 
protein fractions, indicated that under in uiuo conditions only a 
small percentage of the total drug in plasma could be bound by 
proteins other than albumin. When assuming the plasma albumin 
concentration to be approximately 5 X 1 0 - 4  M, the apparent dis- 
sociation constants (kdp) were calculated using standard procedures 
(18, 19) from the plasma levels of the drug in the dog that received 
the oral 2-mg./kg. dose. Over a range of plasma concentrations of 
18-699 ng./ml., measured at five different time intervals, the cal- 
culated dissociation constant was (1.23 f 0.6) X lo-' (mean f 
SD). The uniformity of the dissociation constants over this range 


Table VI-Distribution of Metolazone and Its Metabolites" in 24-hr. Urine Samples from Dogs 


-- Percent Distribution of Counts Appearing in Urine----- 
A ueous 


me./ke. Route 720-22 763-409 760-2 775-643 760-375 SoPution Dose, 


~~~~ ~ 


0 Metabolites were identified b comparison of their known Rl's in two-dimensional TLC and quantitated by liquid scintillation counting. 
Suucturcs are shown rn Scheme !. b Sum of metabolltes 763-409 and 760-2. 
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of concentration is attributed to the fact that only one binding site 
on plasma albumin is involved. The molar ratio of to albumin 
at the highest drug concentration was 3.8 X lo-*. 


The half-life of metolazone in plasma and whole blood of dogs 
receiving intravenous doses of the drug ranged from 5 to  6 hr. The 
enterohepatic circulation of the drug and the strong binding affinity 
of the red cell and plasma proteins no doubt strongly influenced the 
half-life. At this time it is not known how much unconverted drug 
and metabolites were present in the total concentration of label 
found in the bile, blood, or plasma. By implication, the high dis- 
tribution of converted drug found in the feces of the animal given 
a 2-mg./kg. i.v. dose suggests that most of the biliary excretion 
consists of metabolic products. Bioavailability determinations sug- 
gest that above the 0.1-mg./kg. oral dose level, a large percentage of 
unconverted drug in the feces of these dogs was due to  a lack of 
absorption. 


The total percent of the administered dose recovered in the excre- 
tion was between 90 and 1 0 0 %  in four of the five orally dosed dogs. 
The one dog showing a lower percent of drug recovery had been 
given a very high dose of 50 mg./kg. No doubt this was due to some 
residual drug in the body. The total metabolites are excreted at a 
rate comparable to that of metolazone. This observation, coupled 
with the good recoveries with therapeutic doses, indicates that there 
is no residual drug remaining in the tissues and that no buildup of 
drug or metabolites should be expected. 


It has been reported’ that quinethazone, which is closely related 
to metolazone, is not metabolized in experimental animals. The 
extent to which thiazides and other related diuretics are metabolized 
in mammals has been reported to be variable. Chlorothiazide, 
hydrochlorothiazide, flumethiazide, and hydroflumethiazide have 
been reported to be rapidly excreted without undergoing metabolic 
transformation (16). By contrast, bendroflumethiadde, trichlor- 
methiazide (16). and polythiazide (16, 20, 21) are partially metab- 
olized by the dog. The metabolism of metolazone in animal 
species would be classified in the latter group. The metabolites of 
metolazone, which are products of hydroxylation and oxidation, 
have been found in both the urine and feces. The origin of the 
metabolites in the feces are presumably the results of the biliary 
secretion of the drug. 


The extent of metabolism of metolazone was unexpectedly high 
for such a polar drug. In a 24-hr. period following administration of 
the drug, 30-60x of the drug appearing in the urine of dogs was 
metabolites. In the human, by contrast, the amount of metabolites 
found in the urine in 24 hr. was only l0-15% of the excreted drug 
(12). In view of the unexpectedly high degree of metabolism in dogs, 
the metabolites were synthesized and assayed for diuretic activity. 
The activities of these metabolites administered orally have been 
considerably less than that of metolazone and, in addition, exhibited 
no evidence of toxic reactions. 


6 J. Morrison, Lederle Labs., American Cyanamid Co.. Pearl River, 
NY 10965, personal communication. 
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Urinary Metabolic Profiles for Choosing 
Test Animals for Chronic Toxicity Studies: 
Application to Naproxen 


GEOFFREY F. THOMPSON. and JUDITH M. COLLINS 


Abstraet c] Gradient elution ionexchange chromatography was 
employed to determine urinary metabolic profiles of naproxen in 
test animals and humans. Retention molarities were found to be 
very reproducible, and the quantitation and column recovery were 
good. The profiles add another dimension to the basic information 
required to pick the most appropriate test animal for the chronic 
toxicological evaluation of a new drug. Based on the profiles, the 
mini pig and rat appeared to be the animals of choice for the chronic 
toxicological evaluation of naproxen. 


Keyphrases 0 Naproxen urinary metabolic profiles-used to deter- 
mine appropriate test animal for toxicology evaluation, gradient 
elution ion-exchange chromatography c] Urinary metabolic profiles 
-determination of appropriate test animal for toxicology evalua- 
tion, naproxen 0 Toxicology studies, naproxen-choice of appro- 
priate test animal based on urinary metabolic profiles 0 Ionex- 
change chromatography, gradient elutiondetermination of na- 
proxen urinary metabolic profiles, animals, humans 


Naproxen [(+)-6-methoxy-c~.-methyl-2-naphthalene- 
acetic acid I,  I] is a new nonsteroidal anti-inflammatory 
agent as determined by the carrageenin-induced rat 
paw edema assay (1, 2). During the development of this 
new drug, it became important to generate information 
to determine which rodent and nonrodent test animals 
resemble the human most closely in the disposition of 
the drug. This information, which includes data on the 
absorption, excretion, distribution, rate of metabolism, 
and metabolic pattern of the drug, provides the rationale 
for the choice of the most appropriate test species in the 
chronic toxicological evaluation of a new drug (3, 4). 
A study of the absorption, distribution, and excretion 
of naproxen in various test animals and man was re- 
cently reported (5) .  The present report describes an ap- 
proach taken for the determination of the urinary 
metabolic profiles of naproxen, based on gradient elu- 
tion ion-exchange chromatography. 


EXPERIMENTAL' 


Species, Dosing, and Urine Collection-The test animals and hu- 
mans employed in this investigation received intravenous injections 
of tritium-labeled naproxen. A description of the preparation of the 
dosing solutions, the method of dosing, and the method of urine 
collection was previously described (5 ) .  A description of the species 
and the dosing data employed in this investigation is summarized 


1 This name is the correct Chemicul Absfrucrs index name, but this 
compound was identified previously in the chemical and biological 
literature asd-2-(6'-methoxy-2'-naphthyl) ro ionic acid. 


* All reagents were of analytical grade. kdR s 'ectra were determined 
on a Varian HA-100spectrometer. using tetrametRylsilane as an internal 
standard. Ion-exchange fractions were collected on a GME model 45 
volumetric fractionator. and radioactivity was monitored on a Nuclear- 
Chicago Unilux 11 scintillation counter. The scintillation fluid contained 
260 mg. of 1,4-bis[2-(4-methyl-5-phenyloxatolyl)~benzene (Ara ahoe 
Chemical Co., Boulder, Colo.), 13 g. of 2.5-di henyloxazole. and 308 
of naphthalene in 600ml. of methanol, 1000 mf of toluene, and loo0 m f  
of dioxane. 


in Table I. The- urine specimens were preserved with formaldehyde 
and stored in the frozen state. 


Naproxen-The synthesis of naproxena was previously reported 
(1). Tritiated naproxena (6). labeled on the ring system, had a specific 
activity of 92 mc./mmole (5 ) .  Naproxen-3-14C' had a specific activity 
of 25.6 mc./mmole. 
2~6'-Hydroxy-2'-naphthyl)propionic Adda (II)-The structure 


of this compound was verified by its spectral properties and ele- 
mental analysis; IR (KBr): 3400,1705,1605,1500,1450,1380,1360, 
1280, 1200, and 1145 cm-1; UV (CHIOH): 225 (log c 5.10), 256 
(3.49), 265 (3.62), 274 (3.65), 322 (3.18), and 334 (3.24) nm.; NMR 
(&-acetone): 67.55-7.80(m, 3), 7.36(d of d, 1, J = 10 and 2.0 Hz.), 
7.03-7.20 (m, 2), 3.83 (9. 1, J = 7 Hz.). and 1.49 (d, 3, J = 7 Hz.); 
mass spectrum (70 ev.) m/e: base peak 171, molecular ion 216. 


AnuL-Calc. for ClaHltOs: C, 72.21; H, 5.59. Found: C, 72.26; 
H, 5.62. 


mole) of naproxen was slowly added 120 ml. (0.108 mole) of 14% 
(w/v) boron trifluoride-methanol'. The mixture was refluxed for 15 
min., cooled to room temperature, and taken up in 1.2 1. of petrol- 
eum ether (30-60"). The solution was washed with water and 
dried over anhydrous sodium sulfate. The solution was filtered, 
and the petroleum ether was removed by rotary evaporation to  give 
3.97 g. (92%) of crystalline methyl 2-(6'-methoxy-2'-naphthyl)- 
propionate, m.p. W91 O. 


2-(6'-Methoxy-2naphthyl)propionuric Acid (111)-The synthesis 
of this compound was based on Ford's (7) procedure for the synthe- 
sis of phenaceturic acid. A solution of sodium methoxide in meth- 
anol was prepared by the reaction of 0.51 g. (0.022 g.-atom) of so- 
dium metal in 20 d. of anhydrous methanol. A 1.31-g. (0.018 
mole) portion of glycine was added to the alkoxide solution, and the 
solution was refluxed for 20 min. to dissolve the glycine. A 3.87-g. 
(0.016-mole) portion of methyl 2-(6'-methoxy-2'-naphthyl)pro- 
pionate was then added to the glycine solution, and the mixture was 
refluxed (91 ") for 5 days. The methyl alcohol was removed by dis- 
tillation through a short Vigreux column, and the residue was taken 
up in 200 ml. of 5 % sodium bicarbonate and washed with two XhnI. 
portions of ether. The aqueous solution was adjusted to pH 2 with 
hydrochloric acid, precipitating 3.41 g. of crystalline material. TLC 
on silica gel GF, using benzene-methanol-acetic acid (90:16:8), 
showed this material to  be. approximately a 50:50 mixture of napro- 
xen and the desired product. Preparative TLC on 0.51 g. of the crude 
material, using toluene-acetic acid-water (50 :50 : 5 )  followed by 
elution with methanol, recrystallization from methanol-water 
(50:50), and drying over phosphorus pentoxide (0.01 mm.), gave 
0.24 g. of the desired product, m.p. 156-157'; 1R (KBt): 3350,1750, 
and 1625 an.-'; UV (CHSOH): 232 (log c 4.84), 253 (3.58). 262 
(3.67), 272 (3.67), 324 (3.09), 303 (2.88), 316 (3.14), and 331 (3.24) 
nm.; NMR (&dimethyl sulfoxide): 6 8.30 (broad 1, 1). 7.68-7.86 
(m,3),7.46(dofd,l,J=8.5and1.7Hz,),7.28(d,l,J= 2.0Hz.h 
7.15 (d of d, 1, J = 9.0 and 2.5 Hz.), 3.86(s, 3), 3.76 (m, 3), and 1.41 


Methyl 2 ~ 6 ' - M ~ ~ ~ - 2 ' - ~ ~ h t h ~ I ) ~ ~ ~ i ~ ~ ~ T ~  4.08 g. (0.018 


I 


a Obtained from the Institute of Organic Chemistry, Syntex Research, 
4 Applied Science Laboratories, Inc., State College, Pa. 


Palo Alto, Calif. 
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Tam I-Species and Dosing Data 


DW, 
Hot, 


Used, hr. mg./kg. w./kg. 


Urine Dose. 
Specimen Cold, Number, Sf%%, 


Species Sex Weight, kg. hr.8 


Human 2M 49-86 13 1-3 93b 40" 
1F 


Mini pig 2F 63-70 5 0-24 
Rhesus monkey 2F 5-6 2 0-0.5 
Guinea pig 1M 0.82-1.1 10 0-24 
Rat (Sprague- 3M 0.45-0.50 8 0-24 


Dawley) 


2.5 
10.0 
5.0 
2.88 


11.6 


49.0 
28.8 


m 


4 Obtained from Reference 5. b The total cold human dose was 93 mg. 5 The total hot human dose was 40 pc. 


Table 11-Retention Data for the Biotransformed Products of Naproxen in Test Animals and Man 


Compound Rhesus Guinea Mini Human Human Authentic Authentic 


RetentionMdPrlty 


Number Monkey pig Rat pis Male Female I11 I1 


1 
2 
3 
4 
5 (Naproxen, I) 
6 


10 
11 
12 
13 
14 
15 
16 


17 
18 
19 
20 


0 
0.01 


0.14 
0.20 
0.22 
0.25 


0.31 


- 


- 
- 
- 
0.46 


0.81 
0.85 


- 
- 


- 
4.45 - - 


0 
0.01 
0.09 
0.16 
0.20 


0.27 


0.31 


- 
- 
- - 
0.45 


0.57 
- 
- - 
- - 
4.65 - 


0 - 0 ,  
0.01 - 0.09 
0.16 0.14 
0.m 0.20 
- 0.22 
0.27 0.27 - - 
0.31 0.30 
0.36 0.35 
0.40 0.40 
0.45 0.45 
0.49 0.48 - 0.58 
0.80 
0.84 


3.85 - 
4.45 4.45 
4.65 - 


- - 
Retention pH 


- - 


0 - 
- - 
0.19 
0.23 
0.26 


0.30 
0.35 
0.40 


0.48 


- 


- 
- 
- 
- 


- 
- - 
6.50 


- 0 


- 
- 
0.20 
0.25 


0.29 
0.31 
0.37 
0.41 


0.50 


- 


- 
- - - 


- - 
4.65 - 


(d, 3, J = 7.0 Hz.); mass spectrum (70 ev.) m/e: base peak 185, 
molecular ion 287. 


Anal.--Calc. for C16HnNOt: C, 66.89; H,  5.96. Found: C, 66.72; 
H, 6.00. 


Ion-Exchange Resin-All ionexchange separations described here 
were carried out with portions of the same batch of diethylamino- 
ethyl Sephadex in the formate form prepared as follows. A 200-g. 
portion of diethylaminoethyl Sephadex (chloride) A-256 in a 12 x 
60cm. chromatography column was treated successively with 1 M 
NaOH until chloride was not detectable in the eluate, with distilled 
water until the eluate was neutral, with 0.5 M formic acid until the 
pH of the eluate was equivalent to that of 0.5 M formic acid, and 
finally with distilled water until formate ion was not detectable in 
the eluate. Formate ion was monitored by the method of Feigl (8). 


Ion-Exchange Chromatography-The procedure employed was 
similar to that described by Lethco and Brouwer (9). Composite 
urine specimens were prepared by combining the specimens (same 
percent by 'volume of each) of all animals of the same species. Ali- 
quots (5-40 ml.) of the composite specimens were taken for chro- 
matography so as to contain about 3 X 106 d.p.m. of tritium for the 
animal specimens and about 7.5 X 106 d.p.m. of tritium for the 
human specimens. An internal standard of about 3.5 X 101 d.p.m. 
of 14C-naproxen was introduced into each specimen used for chro- 
matography by mixing the. specimens in a centrifuge tube in which a 
solution of W-naproxen had been evaporated. Male and female 
human urine specimens were chromatographed separately; how- 
ever, the two female specimens were combined. 


Urine composite aliquots were pipeted onto a 35 x 1.8cm. i.d. 
column charged with 35 meq. of ionexchange resin'. The biotrans- 
formed components related to naproxen were separated by suc- 
cessive elution with distilled water (200 ml.), pH 3.5 ammonium 


formate buffer (4ooo ml.) over a linear concentration gradient from 
0 to  1.0 M, 1.0 M ammonium formate buffer (2000 ml.) over a pH 
gradient from 3.5 to 5.5, and 1 M ammonium formate buffer (lo00 
d.) at  pH 6.5. Final washing of the resin in a conical flask with 
methanol gave less than 0.5% of the initially present tritium rad ie  
activity in each case. 


The eluate was collected in 10-ml. fractions, and 5-ml. aliquots of 
every other fraction were evaporated to dryness, diluted with scintil- 
lation fluid, and subjected to double isotope counting using an ex- 
ternal standard for quench correction. Plots of tritium radioactivity 
Dersus fraction number gave the unperturbed metabolic profiles 
shown in Fig. 1. Retention molarities and retention p H s  (Table 11) 
were determined from fraction number uersus formate molarity and 
fraction number wrsus pH calibration curves, respectively. Every 
fraction of each biotransformed product (as defined by the profile) 


II 


~ ~~~~ ~~ ~~~~ 


' Obtained from Pharmacia Fine Chemicals, Inc.. Piscataway. N. J. III 
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Table IlI-Quantitative Distribution of the Biotransformed Products of Naproxen in Test Animals and Man" 


Compound 
Number 


Rhesus Guinea 
Monkey fig Rat 


Mini Human Human 
R g  Male Female 


1 
2 
3 
4 
5 (Naproxen, I) 
6 
7 (III) 
8 01) 
9 


10 
11 
12 
1 3  
14 
1 5  
16 
17 
18 
19 
20 


12.1 
0.6 


0.6 
6.7 
6.4 


31.9 


19.9 


2.2 


0.9 
1.2 


2.9 


- 


- 
- 
- 
- 
- 


- 
- 
- 


0.3 
0.8 
0.3 
0.5 


39.8 


4.5 


8.2 


2.6  


1.8 


- 
- 
- - 
- 
- - - - 


15.1 - 


0.2 
0.7 


0 .2  
2.8 


8 .2  


1 .o 
0 .5  
1.1 
2.1 
0.5  


7.4 
4.1 
2.2 


24.4 
32.8 


- 


.- 


- 


- 


- 


19.7 


0.5 
0.9 
3.6 
1 . 3  


16.9 


7.7 
2.3 


16.1 
1.2 
3.0 
8.2 


- 


- 


- - - 
1.7 - 
- 


0.2 - 
- - 
7.3 


i.7b] 
40.1 
6.6 


13.9 
- 
- - - - - 
2.5 - 


a The percenta e values are based on the total tritium radioactivity applied to the column. b These values represent the total concentration of 
products eluted a#ter Compound 5 and before Compound 10. 


was combined, and an aliquot was counted to determine the quan- 
titative distribution of each product (Table 111). 


The elution of authentic I1 and 111 was followed by monitoring 
their UV absorption at 225 and 232 nm., respectively. 


RESULTS 


The data in Table I V  demonstrate the good total recovery using 
the specified column. The mean recovery based on seven separations 
was 93.8%. 


The urinary metabolic profiles presented in Fig. 1 show that at 
least 20 biotransformed products of naproxen were detected. For 
purposes of comparison, each biotransformed product, defined by a 
retention molarity or pH, was given a compound number. These 
data are presented in Table 11. 


Compounds 10 and 13 were identified' as the glucuronides of 
naproxen and 11, respectively, by incubation with 8-ketodase. 
Naproxen, 11, and I11 (Compounds 5, 8, and 7, respectively) were 
identified in the various urine. specimens by comparison of their re- 
tention molarities with those of authentic compounds. 


The reproducibility of the retention molarities from run to run is 
demonstrated by the data in Table I1 for naproxen (Compound 5), 
in which identification is unambiguous because of the presence of the 
naproxen- "C internal standard. For naproxen, a retention molarity 
of 0.20 was obtained in each of the eight runs (Table II), except for 
the human male for which the value was 0.19. Additionally, the data 
in Table V show that except for Compound 9 (retention molarity 
0.30 and 0.29) the retention molarities are identical for duplicate 
runs on the human male specimen. 


The retention molarity range for each compound in Table I1 is 
0.02, except for Compound 6 for which the retention molarity varied 
from 0.22 in the mini pig to  0.25 in the human female (range 0.03). 


The assignment of compound numbers for most of the biotrans- 
formed products based on retention molarities was straightforward. 
Some very minor components, however, were not given compound 
numbers, such as the shoulder on the descending side of Compound 
6 and on the ascending side of Compound 12 in the rhesus monkey. 


The assignment of compound numbers for the biotransformed 
products in the human specimens between the retention molarities 
of 0.22 and 0.31 was difficult due to the poor resolution of the prod- 
ucts in this region. However, an attempt was made to assign some 
compound numbers to the components in this region, but these as- 
signments should be considered with reservation. This is the region 
where 11 and 111 elute. 


Although reference compounds were not employed in the reten- 
tion pH region. the data in Table 11 indicate that the retention 
p H s  are reproducible. The only exception to  this is the retention pH 


values of 6.5 and 5.1 (Table v) obtained from duplicate runs on the 
human male urine specimens. Since in this specimen only one com- 
ponent eluted in the retention pH range and since the remainders of 
both profiles were virtually identical, it has been assumed for con- 
venience that the two retention p H s  represent the same component. 
Following a similar line of reasoning, Compound 20 found in the 
human male may be equivalent to Compound 19 found in the human 
female, rat, and guinea pig. 


Since the column may not be selective when distilled water is used 
as the eluting solvent, the radioactive naproxen-related materials 
eluted in the first 200 ml. in all of the urine specimens may or may 
not represent the same substance. For convenience, however, the 
material eluted in this region was assigned as Compound 1. 


Inspection of the percent distribution data in Table V shows that 
the quantitative capabilities of the method are sufficiently reproduc- 
ible to make quantitative comparisons of the naproxen-related prod- 
ucts produced by the different species. The percent distribution data 
in Table I11 show that less than 1 of the biotransformed products 
of naproxen was eluted with water in the human. However, the ma- 
terial eluted in this region represents about 12 and 20% of the 
naproxen products in the rhesus monkey and mini pig, respectively. 
Compounds 2, 3, and 4 were not found in the human samples and 
represent less than 1% of the products found in the test animals. 
Naproxen (Compound 5) was found in every specimen. It represents 
about 7-12% of the products in the human specimen and was the 
major product (about 40%) in the guinea pig. Compounds 6, 7, 8, 
and 9, which were poorly resolved in the human runs, represent a 
total of about 2348% of the products. The glycine conjugate of 
naproxen (Compound 7) was a major product in both the rhesus 
monkey (about 32x) and the mini pig (about 17%). Compound 9, 
unknown, represents about 20% of the products in the rhesus 
monkey. 


Compound 10, the glucuronide conjugate of naproxen, was the 
major biotransformed product of naproxen in the human (about 


Table IV-Columno Recovery for the Biotransformed Products of 
Naproxen in Test Animals and Humans 


Species Recovery, %* 


Rhesus monkey 92.5 
Mini pig 89.9 
Rat 91.3 
Guinea pig 
Human male 


86.1 
102.8, 
99.9 ._ ._ 


Human female 94.2 
Mean 93.8 


~~ ~ 


6 To be published. 
4 Diethylaminoethyl Sephadex (formate). b Based on tritium radioac- 


tivity. 
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40%). It was present in very small quantities in the mini pig and 
rat but not present in the- guinea pig or rhesus monkey. Unidentified 
Compound 11, which represents about 7% of the products in the 
human was a major product (about 16%) in the mini pig. Unknown 


Compound 12 was not found in the human and represents less than 
3% of the products in each of the test animals. Compound 13, a glu- 
curonide of 11, was a major product in the human (10-14x) and 
was also found in the mini pig ( 3 7 3  and rat (0.5%). Unknown Com- 


W i 
RAT 


COMPOUND U 
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Table V-Comparison of Retention and Percent Distribution Data 
for Duplicate Separations (Human Male) of the Same Specimen” 


Compound -Retention Molarity- -Percent Distribution& 
Number R u n 1  Run 2 Run 1 Run 2 


0.3 0 . 3  - - 0 - 0 - 1 
2 
3 
4 
5 0.19 0.19 1 1 . 5  11.5 


- - - - 
- - - - 


- - - - 12 
13 
14 
15 
16 


10.3 10.4 - - 0.48 - 0.48 - 
- - - - 
- - - - 


-Retention pH- 
Run 1 Run 2 
- - - - 
- - - - 17 


18 
19 
20 6.50 5.70 5 . 6  9 .3  


- - - - 


0 Run 1. column eluted with an ammonium fonnate buffer; run 2. 
column eluted with a sodium formate buffer. b The percentage values are 
based on the total tritium ramoactivity applied to the column. c These val- 
ues re resent the total concentration of products eluted after Compound 
5 and!efore Compound 10. 


pounds 14, 15, 16, 17, and 18 were not found in the human. Com- 
pound 18 was a major product in the rat. Unknown Compound 19 
was found to the extent of 2.5% in the human female and was the 
major product in the rat. About 5 of Compound 20, which may or 
may not be equivalent to Compound 19, was found in the human 
male. 


DISCUSSION 


When employing metabolic profiles as the only criterion, the ideal 
test animal for chronic toxicity studies is that test animal whose 
metabolic profile is identical with that of the human. Since this is a 
very unlikely or even impossible goal for most drugs, the next best 
criterion is to pick that animal whose profile is most similar to  that 
of the human. When using the metabolic profiles as the only 
criterion, the mini pig appears to be the best nonrodent test animal 
(of those studied) for the chronic toxicological evaluation of na- 
proxen. This choice is based on the presence in the mini pig of Corn 
pounds 10, 11. and 13. These are the three major biotransformed 
products of naproxen in the human and are not found in the rhesus 
monkey. Again, based only on the profiles, the rat appears to  be the 
choice as a rodent test species. This choice is also based on the pres- 
ence in the rat (albeit smaller quantities) of Compounds 10, 11, and 
13 which are not present in the guinea pig. Additionally, the guinea 
pig contained about 40 free naproxen whereas the rat contained 
only about 3 %, a value more comparable to  that found in the human 
specimens. 


Since the biotransformed products of most drug substances are 
amenable to ionexchange chromatography, the method appears to 


have general applicability. The good column recovery allows the 
development of a complete unperturbed picture of the number and 
quantity of biotransformed products produced. This method a p  
pears to  have advantages over other methods that include extrac- 
tion and derivatization procedures which may perturb the urinary 
products. The generally good reproducibility of fhe r a n t i o n  data 
demonstrates the utility of the profiles for both comparison purposes 
and for the tentative identification of the drug-related components 
when authentic compounds are available. 
In addition to  supplying part of the information for choosing the 


best test animals, metabolic profiles form a good basis for the plan- 
ning and development of experiments to  give additional metabolic 
information. The method provides separated samples of the indi- 
vidual biotransformed products which can be subjected to other 
analytical techniques. 


The major limitation of the method is that it is fairly time con- 
suming. It was primarily for this reason that the urine specimens 
from the same test animals were pooled. Although it can be argued 
that this results in an average picture for a particular test animal, 
it does not give a picture of animal-teanimal variation. It appears 
at this point that one method of circumventing the time requirement 
would be the use of linear gradient high pressure chromatography 
monitored by a flowthrough scintillation (and vv) detector such as 
was described by Hunt (10). 
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Dissolution Kinetics of Gallstones: Physical Model Approach 


W. I. HICUCHI’, F. SJUIB, D. MUFSON, A. P. SIMONELLI, and A. F. HOFMANN 


Abstract 0 Recent studies suggested that in situ dissolution of 
gallstones in man might be dissolution rate controlled. In this work, 
several physical models for the dissolution rate of cholesterol-type 
stones were developed. One is based upon simple diffusion-con- 
trolled dissolution and another upon a leaching process. Two others 
relate to  interfacial coat-type barriers. Calculations were carried 
out employing models with reasonable input parameters. The re- 
sults show, for example, that the theoretical dissolution rate based 
on the simple dissolution model would predict that a 2.5-mm. stone 
should dissolve in several days into an undersaturated bile solution. 
Both clinical and in uitro experiments show that much longer times, 
e.g., months, are needed. 


Keyphrases 0 Gallstones-dissolution kinetics, various physical 
models proposed and discussed, calculations 0 Dissolution rate, 
gallstones-proposed physical models, calculations 0 Cholesterol- 
type stones-proposed physical models, dissolution kinetics, 
calculations 0 Diffusion-in dissolution kinetics of gallstones, 
physical models proposed, calculations 0 Interfacial barriers-as 
a factor in dissolution kinetics of gallstones. physical models pro- 
posed, calculations 


Cholesterol is transported in vertebrate bile dissolved 
in bile acid-lecithin micelles. Recently, the phase 
equilibria present in bile acid-lecithin-cholesterol-water 
systems were defined and shown to relate to human 
cholesterol cholelithiasis (1, 2). In man, cholesterol 
cholelithiasis appears to be associated with the forma- 
tion of bile by the liver which is saturated or super- 
saturated with cholesterol (3,4). Recent work by Thistle 
and Schoenfield ( 5 )  indicated that the administration 
of chenodeoxycholic acid to patients with cholesterol 
gallstones results in a significant reduction in the ratio 
of cholesterol to bile acids and lecithin. Nevertheless, 
despite the achievement of altering bile composition 
from saturated to unsaturated with respect to choles- 
terol, gallstone size appears to diminish only slightly or 
not at all during several months of treatment, indicat- 
ing that rapid equilibrium between gallstones and bile 
may not occur. That is, stone dissolution appears to be 
rate limiting in oioo. 


This report presents various possible physical models 
for gallstone dissolution kinetics. This study was ex- 
pected to be useful in several ways with regard to gall- 
stone dissolution. First, a semiquantitative perspective 


t=O t o  tl t=  t* 


Figure 1-Simple dissolution case. The radius of the sphere a 
changes with time t ; h is the liquid diffusion layer thickness. 


h 
! I  


t = t p  1 t I t  


Figure 2-Simple matrix case. Cholesterol embedded in a spherkal 
matrix is dissolved and leached out as a function of time. 


developed from these models should help identify pos- 
sible rate-limiting situations and establish preliminary 
correlations with already published clinical and in 
Difro data. Second, these models, in conjunction with 
suitable experiments involving “synthetic” gallstones, 
should be valuable in designing significant clinical or 
in uitro experiments. And third, the models and the re- 
lated mathematics should provide the vehicle for the 
appropriate mechanistic analysis of the data, both 
clinical and in Ditro. 


PHYSICAL MODELS 
The present discussion is restricted to the problem of the rate of 


dissolution of “cholesterol” gallstones where the principal con- 
stituent of the stones is cholesterol (-70-98z). Thus, the primary 
processes under consideration are the dissolution and transport of 
cholesterol from the gallstone and into the solvent. It is assumed 
that the other constituents (e.g., bile pigments, proteins, and cal- 
cium salts) may be important only to  the extent that they may pro- 
vide a barrier to transport of cholesterol. 


The fastest dissolving gallstone would be essentially pure choles- 
terol, where the rate-determining step is the transport of cholesterol 
from the surface into the solvent. This implies that no significant 
barriers to transport are present a t  the solid-solution interface. 


This maximum rate situation can be decreased significantly by 
such factors as interfacial barriers and inert residues which can 
form a diffusion barrier. Interfacial barriers may arise from in- 
trinsically slow (6) crystal-surface solution equilibria or from ad- 
sorbed or deposited substances (7, 8) on the stone surfaces. Gall- 
stones containing appreciable amounts of noncholesterol compo- 
nents may lead to the formation of residue-type barriers (9-12). 
These barriers arise when the cholesterol is dissolved and leached 
faster than the slower dissolving or disintegrating noncholesterol 
substance. The residues then can form a continuous matrix through 
which the cholesterol must be transported. 


Caae I: Simple Mssdution Model (No Matrix-Diffusion Barriers 
or Interfacial Barrim)-This model would be appropriate if either: 
(a )  the stone is pure cholesterol or (b) the other constituents of 
the stone slough OR sufficiently rapidly from the gallstone surface 
during cholesterol dissolution. 


For simplicity, let the stone have a spherical geometry so that the 
situation illustrated in Fig. 1 would apply. This model then assumes 
that during dissolution the solvent adjacent to the surface of the 
stone is saturated with cholesterol and that the rate of dissolution, 
J, is governed by the diffusion of cholesterol across the solvent dif- 
fusion layer of thickness h. The dissolution rate J is then expressed 
mathematically by Eq. 1: 


(Eq. 1) AD(C8 - CB) 
h J =  
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t=0 t= t t  
Figure >Interfacial “coating” Model I :  gallstone dissolution in 
the presence of interfacial barrier of thickness x. 


t = #  t ‘tl t r  t* 


Figure &Interfacial “coating” Model 11: gallstone dissolution in 
the presence of indestructice coating. 


where A = surface area of the sphere, D = diffusion coefficient 
for cholesterol in the solvent, C, = solubility of cholesterol, and 
CB = concentration of cholesterol in the bulk solvent. J may be also 
related to the rate of change in mass, W, expressed by Eq. 2: 


J = -dW/dt = 4raaddaldt) (Eq. 2) 
where p = density of chqlesterol, and a = radius of the sphere. 
Therefore, by combining Eqs. 1 and 2 and noting that A = 4ra2:  


(a. 3) 
da o(CI - CB) 


In the special case where CB is constant, Eq. 3 may be integrated to 
give : 


(Eq. 4)  


where a0 is the initial ( t  = 0) radius of the gallstone. Equation 4 
may also be expressed on a weight basis: 


P a i  h 


D(CI - CB) 
Ph 


a = a o -  


where WO is the initial ( I  = 0) weight of the gallstone, and W is the 
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Figure 5-Calculated dissolution of gallstone of radius a. = 2.5 em. 
and solubility C. =. 26.4 rnMII. with A for Case I and h - SO p, 
B for Case I and h = 200 p, C for Case I1 and h = 50 p, and D for 
Case I1 and h = 200 p. 
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Figure 6-Calculated dissolution of gallstone of radius a@ = 2.5 mm. 
and solubility C. = 26.4 mMII. See Fig. 5 for meaning of A ,  B, C ,  
andD. 


weight at time t. Equation 5 is a form of the well-known Hixon- 
Crowell cube-root law (13). 


The general solution to Eq. 3, i.e., where CB is not a constant, 
may easily be obtained (13). If, for example, CB changes appreciably 
during the dissolution period, it may be necessary to use the more 
general equation which is somewhat unwieldy. However, in most of 
the present discussion, Eqs. 1 and 4 are sufficient. 


an insoluble, nondisintegrating, porous residue remains in place of 
the original gallstone substance when cholesterol dissolves into the 
solvent, this model may be appropriate. Figure 2 illustrates this 
problem for the sphere geometry case. 


In this model, the dissolution rate is governed by diffusion of 
cholesterol from the surface ( r  = a, where r is the distance from 
the center of the sphere outward) of the cholesterol core through 
the solvent-filled but leached (no cholesterol) portion ( a  5 r 5 ao) 
of the gallstone and through the solvent diffusion layer of thickness 
h. It is again assumed that the solvent at r = a is saturated with 
cholesterol. The rate of cholesterol transport, J, for this case is given 
by Eq. 6, where it is again assumed that CB, the cholesterol con- 
centration in the bulk solvent, remains constant during dissolution: 


CPIle 11: Leaching Of cholesterd frOm Uniform MaMx Model-If 


where c and ‘z are the porosity and tortuosity of the leached region 
(a  5 r 5 ao), respectively. The other symbols have already been de- 
fined. Equation 6 thus considers both the effects of the solvent 
diffusion layer resistance and the matrixdiffusion resistance to 
cholesterol dissolution. 


When Eq. 6 is combined with Eq. 2, one obtains the final ex- 
pression which relates the size of the cholesterol core to time: 


(Es. 7) 


10 20 30 40 50 60 100 300 500 700 
DAYS 


Figure 1-Calculated dissolution of gallstone with radius a versus 
time t. Values of a. = 2.5 em. and C. = 26.4 mMII. were used. See 
Fig. 5 for meaning of A ,  B, C ,  and D.  
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Figure &Calculated dissolution of gallstone with radius a versus 
time t. Values of a. = 2.5 mm. and C. = 26.4 mM/I. were used. 
See Fig. 5jor meaning of A, B, C, and D .  


where S = solid concentration of cholesterol in the gallstone matrix. 
Equation 7 may also be expressed on a weight basis: 


-2- (4rp)'W -_ W -3- T (  - W)' /a  + T + 


(3Wo)'/' Wo C Wo 


Case 111: Interfacial Barrier or Coat Model I-Figure 3 illustrates 
a model that may be appropriate when: (a )  a moderate degree of 
disintegration and/or dissolution of a residue (matrix) barrier 
(Case 11) takes place, or (6)  a reversible or collapsible barrier film is 
present on the stone surface during dissolution. Equation 9 de- 
scribes the dissolution rate behavior for the sphere situation: 


I t  is assumed that the permeability coefficient P of this barrier 
remains constant. All symbols in Eq. 9 have k e n  defined. The 
physical meaning of the permeability coefficient P depends upon 
the particular situation (see Discussion section). 


Case IV: Interfacial Barrier or Coat Model 11-This situation 
(Fig. 4) might arise if a stable coating (e.g., proteins, calcium phos- 
phates, or calcium carbonate) is present on the stone surface. The 
outer dimensions do not change with time, while the inner choles- 
terol dissolves. Equation 10 describes the time change in the weight 
for this situation: 
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Figure %Calculated dissolution of gallstone of radius a. = 2.5 mm. 
and solubility C, = 26.4 mM/I. with A for Case Ill and P = 2 X 
IF' cm.lsec., B for Case 111 and P = 5.0 X lo-' rm./sec.; C for 
Case IV and P = 2 X lo-' cm./sec., and D Jor Case IV and P = 
5.0 X IFb crn.lsec. 


10 20 30 40 50 60 70 80 
DAYS 


Figure 10-Comparison of calculated percent gallstone dissolved for 
cases of h = 200 p and Small's ( 2 )  data with A for Case I and C.  = 
26.4 mM/I., B for Case I1 and C. = 26.4 mM/I., C for Case 1 and 
C. = 5.6 mMII., and D for Case I1 and C. = 5.6 mM/I. Key 
(Small's data): A, dissolution in bile salt; 0. dissolution in bile salt- 
lecithin (2  : I ) ;  and E, bile salt-lecithin corrected to sink condition 
by changes in AC with time. 


Here again the physical meaning of the permeability coefficient P 
depends upon the particular situation. 


Other Models-Other models may be developed that relate to 
physical situations not already presented. Also, very complex com- 
binations are possible. Before much serious consideration is given 
to very elaborate models, however, those presented in this paper 
should be evaluated thoroughly. 


THEORETICAL CALCULATIONS 


While the models and equations in the preceding section may be 
utilized in a rather rigorous and quantitative manner with experi- 
ments on "synthetic" and real gallstones, the present applications 
of the theoretical relations are concerned primarily with the identi- 
fication of and "range-finding" in a number of situations. These 
"order-of-magnitude" calculations should be helpful in suggesting 
preliminary correlations and expectations and estabiishing limiting 
behavior. 


Results Involving Case Z-Some results of calculations with Eqs. 
5 and 6 are shown in Figs. 5-8 (curves A and B). In these cakula- 
tions, meaningful values for the parameters were selected that cor- 
relate to either in duo or in vitro situations. The two values for h 
(50 and 200 p )  should represent reasonable' lower and upper limits 
for moderate and low agitation conditions (14). The two values for 
ao, the initial stone radius, are typical of cholesterol stones. The 
value for the cholesterol solubility (C, = 26.4 mmolesfl.) was re- 
ported to be that for gallbladder bile (15). For the diffusion coef- 
ficient D, a value of 1 X 10-6 cm.*/sec. was selected because this is 
close to that observed for bile salt-cholesterol micelles (16). 


These calculations, being based on Case I and sink conditions 
(CB = 0), represent optimum or maximum dissolution rates. Thus, 
it is probably significant from a clinical standpoint that it may take 
about a week to a month for a significant reduction in size of large 
gallstones (a0 - 2.5 cm.) under such optimal conditions. The cal- 
culations predict that smaller stones (a0 0.25 cm.) may dissolve 
in a few days under these optimal (Case I and sink) conditions. 


Results with Other Models-In curves C a d  D of Figs. 5-8, re- 
sults of calculations with Eqs. 7 and 8 (Case 11) are presented. As 
expected, the rates are lower than those for simple dissolution. The 
effect of agitation (i.e.. dependence upon h) is significant for small 
gallstones following this model but not for large stones. 


Figure 9 shows the results of some calculations based on Cases 
111 and IV. 


DISCUSSION 


The models considered and the equations deduced in this paper 
should serve as baselines for research on the dissolution kinetics of 
gallstones in vitro and in vivo. Experimental results in these labo- 
ratories have shown, for example, that gallstones dissolve according 


' I f  the medium is much more viscous than water, however, these 
values should be greater. 
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to Model I in ethanol-water and acetone-water solvent mixtures. In 
5 x cholate, the rates appear to be somewhat slower than the pre- 
dictions of Model I; in bile salt-lecithin solutions, the rates appear 
to be more than a factor of 10 slower. In Fig. 10, the data of Small 
(2) are compared to some theoretical calculations, As can be seen, 
rates based upon Model I appear to be significantly greater than 
Small’s in v i m  results. These preliminary comparisons of experi- 
mental results with the theoretical relationships show that under 
physiologically important conditions, the simple diffusion-con- 
trolled model may or may not be applicable and that careful scru- 
tiny of the various factors is necessary. 


From the clinical standpoint, the idea that a 2.5-mm. gallstone 
might be dissolved in a few days is very appealing. Therefore, the 
question of why the observed rates might be significantly slower 
than diffusion controlled is important clinically. 
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Abstract 0 Experiments were designed for investigating and com- 
paring the in din, dissolution kinetics of human cholesterol gall- 
stones and cholesterol monohydrate compressed pellets. The dis- 
solution rates were determined in 66x acetonewater, in 6 3 x  
ethanol-water, in bile acids, and in bile acid-lecithin solutions. It 
was found that the rates of dissolution of the stones compared well 
with the dissolution rates obtained with the cholesterol monohy- 
drate pellets in all solvents investigated. The dissolution rates for 
both stones and pellets in the organic-aqueous solvents were ex- 
tremely rapid and of the order of magnitude expected for a bulk 
diffusioncontrolled process. In sodium cholate solutions, the dis- 
solution rates were about 2-3 times slower than rates predicted by 
diffusion theory and the data suggested a modest interfacial re- 
sistance to  dissolution. The rates obtained in 2% bile acid-1% 
lecithin solutions were about 17 times slower than diffusion-con- 


trolled processes, and these results point to an interfacial barrier to 
dissolution that may be very important clinically. 
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During recent years much research has been done to 
evaluate the thermodynamic equilibria existing in the 
bile acid-lecithin-cholesterol-water systems and their 
relation to cholelithiasis (I ,  2). It has been shown that 
the degree of cholesterol saturation or supersaturation 
in gallbladder bile is a critical factor in  the formation 
or dissolution of cholesterol gallstones in uioo. While 
it is now clear that thermodynamic factors can play im- 
portant roles, relatively little is known about the kinetic 
factors involved. Questions concerning the kinetics of 
gallstone dissolution have become especially important 
since the finding of Thistle and Schoenfield (3) and 
Danzinger et al. (4) that oral administration of cheno- 


deoxycholic acid in patients with gallstones can result 
in the simultaneous “normalization” of bile and the 
dissolution of stones. 


The present article reports results of initial physico- 
chemical investigations on the mechanisms of dissolu- 
tion of cholesterol gallstones. An attempt was made to 
determine: (a) whether or not the rate of cholesterol 
gallstone dissolution in uitro compares closely to the 
dissolution rate of “synthetic” gallstones of compressed 
cholesterol monohydrate pellets, and (6) whether or 
not the dissolution rates of gallstones in various solvent 
media are governed by diffusion in the bulk or by in- 
terfacial factors (5 ) .  
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Figure 1-The diffusion 
cell. 
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Figure 2-The dissolution ap- 
paratus. 


EXPERIMENTAL 


Materials-Radioactive cholesterol monohydrate was prepared 
by mixing 5 g. of a three-times recrystallized cholesterol' with 50 
gc. of benzene solution of WCcholesterol* and drying in uacuo. 
The mixture was dissolved in 400 ml. of 95% ethanol at 60". It was 
then seeded with a few.crystals at room temperature. After 48 hr., 
the mixture was filtered and dried in uacuo overnight. 


Various, aqueous compositions of the following materials were 
used as solvent media. Sodium cholate and glycocholatea were used 
as received. Sodium taurocholate' was prepared by the method of 
Pope (6). Egg lecithin was prepared by the method of Small et al. 
(7), except that commercial egg lecithin of purified grade' was used 
as starting material. Human gallstones were obtained from Hof- 
mann and his group'. 


sdubility Detemhation-The solubilities of cholesterol mono- 
hydrate in various media were determined by introducing an excess 
amount of radioactive cholesterol monohydrate of about 100 mg. 
into 20 ml. of a solvent in a 50-ml. volumetric flask. The flask was 
simultaneously flushed with nitrogen gas and shaken by a wrist- 
action sh&er' in a water bath at 37". An aliquot of 5 ml. was taken 
and filtered through a 0.22-p filters in a controlled atmosphere at 
37". Ten milliliters of scintillation fluid (8) was added to 1.0 ml. of 
the filtrate, and the radioactivity was determined in a scintillation 
system'. Aliquots were taken and assayed for cholesterol daily. Sol- 
ubility of cholesterol monohydrate in the medium was obtained 
when the concentration in the filtrate reached a constant level. 


Diffdon C d d e n t  Determination-Measurements were made 
at 37" in a diaphragm diffusion cell made of Lucite (Fig. 1) and by 
a method similar to that described by Keller er af. (9), except that 
the two reservoirs were separated by double silver filter mem- 
branesa of 1.2-g pore size. The lower reservoir had a capacity of 
3.4 ml. and was completely filled with a solution of radioactive 
cholesterol during operation. The upper reservoir was filled with the 
same amount of solvent medium. The stirring speed in both reser- 
voirs was maintained at 1% r.p.m. A solution of 0.1 N KCI with a 


Eastman Kodak Co., Rochester, N. Y. * New England Nuclear Coro.. Boston. Mass. ' SchwarzTMann, Orangebuig,. N. Y. ' 


and &YO Foundation. Rochester. Minn. 
Su plied by A. F. Hofmann, Gastroenterology Unit, Mayo Clinic 


Burrel C o p ,  Pittsburgh Pa. . 
Millipore ilter Corp., Ehford. Mass. 


1 Beckman Instruments Inc., Fullerton, Calif. ' Selas Flotronics, Spring House, Pa. 


Table I-Dissolution Rates (rng. an.-' see.-' X 1V) of Human 
Gallstones' and Cholesterol Monohydrate Pellets in Solvent 
Media at 37" 


66% 5% 5% lateb 
63% Am- C h e  GlyCo- and 1% 


Gallstones Ethanol tone lae cholateb Lecithin 


Black 
OC 
id 


Dark brown 


i 
Light brown 


i 
Gray 


White 


Cholesterol 


pellets 


0 


0 


P 
. p  


monohydrate 


1.10 3.01 1.64 0.51 
2.70 5.28 2.62 0.88 


2.40 - 1.36 - 
2.57 - 2.90 - 
3.41 5.90 1.20 - 
2.58 3.89 2.33 - 
1.87 3.90 1.94 - 
2.33 5.66 2.21 - 
2.12 5.28 2.09 - 
2.76 6.66 3.46 - 
2.60 4.45 1.95 0.34 


- 
- 
- 
- 


0.24 
0.25 


0.17 
0.21 
- 
- 


0.18 


~~ ~ 


a Spherical gallstones of diameters ranging from 0.60 to 1.10 cm. 
were used. b Containin 0.1 Mphosphate buffer. 0 o = dissolution from 
external surface of galhone. d i = dissolution from cross-sectional cut 
surface of gallstone. 


known diffusion coefficient' of 2.41 X 10-' cm.1 set.-' at 37" was 
used as standard in the measurements. 


Dissolution Rate Determination-Chdested Monohydrate or 
&nzoic Acid Pellets-Pellets of radioactive cholesterol monohy- 
drate or benzoic acid were prepared by directly COmp~Sing 300 
~. of the material in a die, 1.3cm. (0.5-in.) i.d., under a force of 
3000 lb. using a laboratory pres~1O. The surface area of the resulting 
pellets was 1.267 cm.'. The pellet was held firmly in a die by COVWhg 
the inside surface with melted paraffin. This die was then mounted 
at the bottom of a water-jacketed cylinder, with the pellet facing a 
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Figure 3-Dissolution of human chdesterol gallstones at 37' in var- 
ious sdoent media. Key: 0, from external surface; a, from cross- 
sectional inner surface of stone in 5 %  cholate and 0.1 M phosphate, 
p H  7.4; 0, from external surface; m, from cross4ecrional surface 
of stone in 6 3 x  ethand; 0, from externalsurface; ahd a, from cross- 
sectional surface in 2z chdate + I x lecithin + 0.1 M phosphate 
buffer, p H  7.4. 


' This value was determined by the method of Saraf cr ol. (10). 
Model B, Fred Carver, Inc., Summit, N. I. 
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Table II-Solubilities (c.), Diffusion Coefficients (D),  Theoretical Dissolution R a t e  (&/A), and Measured Dissolution Rates 
( J d A )  of Solutes in Solvent Media at 37" 


Solute 
Solvent C., 
Medium mg. cm.-* 


Cholesterol 63X Ethanol 0.26 
monohydrate 66% Acetone 0.28 


297, Cholate. 0.53 


2% Cholate" + 1.05 


5 Z  Cholate" 1.34 
2 Z Taurochalate 0.12 


p e k t  


153; lecithin 


Benzoic acid 
pellet 


2%'f'aurocholate" + 0.51 


0.01 N HCl 4.70 
1 Z lecithin 


JnJA X lo', 
D X lo(, mg. cm.-' 
cm.2 sec.-l sec.-1 


3.10 1.61 


2.17 2.30 
- - 
- ~. 
1.90 5.09 
2.15 0.52 
1.49 3 .13  


1.24 1.26 


14.0 131 .O 


J n d A  X lo', 
mg. cm.-' set.-* Jn/Job. 


2.60 0.62 - - 
0.67 
1.95 
0.17 


3.43 
2.61 
3.03 


0.18 17.4 


0.075 16.9 


131 .O 1 .oo 


0 Containing 0.1 M phosphate buffer at pH 7.4. 


stirring paddle inserted at  the top of the cylinder (Fig. 2). The 
stirring speed was maintained at  150 r.p.m. during dissolution. 
Seventy milliliters of solvent preequilibrated at 37" was used. To 
measure the dissolution rates, the amount of cholesterol or benzoic 
acid dissolved in the solvent was analyzed against time. 


Human Cholesterol Gallstones-Gallstones of various colors and 
sizes, ranging from 0.6 to  1.1 cm. in diameter, were used. Dissolu- 
tion rates were measured from both the intact outer surface and 
the cross-sectioned inner surface by embedding a gallstone in a die 
with melted paraffin exposing half of the stone to the bulk solvent 
medium. The inner surface was obtained by cutting a spherical 
stone into halves cross sectionally. The surface areas for dissolu- 
tion were estimated according to the specific geometry of the sur- 
faces. The same apparatus and procedures as already described 
were then used. Samples of 5 ml. w e e  taken and replaced with 
fresh solvent. Cholesterol in these samples was analyzed by the 
method of Dam et d. (1 1) or of Sperry and Webb (12) when lecithin 
was present in the medium. 


RESULTS AND DISCUSSION 


Figure 3 shows typical raw data obtained for the dissolution of 
human cholesterol gallstones in several solvent media. As can be 


25.0 r 


20.0 . 
? 
B 


15.0 - 
u, 
0 


d 5 10.0 - 
c 
v) 


2 
I 


5.0 - 


0.0 5.0 10.0 15.0 20.0 25.0 30.0 
HOURS 


Figure 4-Dissolution of chdesterd monohydrate pellets at 37". 
Key: 0. in 5% cholate and 0.1 M phosphate buffer, pH 7.4; ., in 
2% chdate -I- 0.1 M phosphate buffer, pH 8.0; 0, in 2% chdate -I- 
1% lecithin + 0.1 M phosphate buffer, p H  8.0; and A, in 63% 
ethand. 


seen, the dissolution in some solvents gave nearly linear plots; in 
these cases, the solvents remained much undersaturated with choles- 
terol during the dissolution period. In other solvents, apparent 
bending of the dissolution curves occurred as a result of the more 
rapid increase in cholesterol saturation with time. 


The dissolution rate data of the compressed pellets of cholesterol 
monohydrate crystals are shown in Fig. 4. The dissolution patterns 
in Fig. 4 are similar to those in Fig. 3 for the gallstones. The dissolu- 
tion rates (in mg. crn.-' sec.-l) were obtained by taking the initial 
slopes of the dissolution curves such as those in Figs. 3 and 4 and 
correcting for the surface area. 


Correlation be4ween Gnllstone and chdesterol Monobydrate 
Dissolution Rates-The dissolution rates of various human gall- 
stones and cholesterol monohydrate pellets in the organic-aqueous 
solvents and the bile media are shown in Table I. In each solvent 
studied, the dissolution rates of gallstones were found to compare 
closely with those for cholesterol monohydrate pellets. The varia- 
tions in the gallstone dissolution rates, with a few exceptions, are 
well within a factor of two of the dissolution rates for the cholesterol 
monohydrate pellets in all solvents. 


The dissolution rates determined from the inner cross-sectional 
surfaces were, in general, greater than those determined from the 
external surfaces. These differences and the variations found among 
the stones m y  be due to  deposited film and matrix-forming sub- 
stances derived from the biliary environment. 


In view of the reported cholesterol content in human gallstones 
running as high as 98% (13), the consistent agreement between the 
dissolution rates of gallstones and cholesterol monohydrate pellets 
is not surprising. The data in Table I show that cholesterol mono- 
hydrate appears to be a good experimental model for the dissolution 
of the gallstones in these experiments. The presence of insoluble 
residues, bile pigments, mucus. and proteins may create physical 
situations where the rate of dissolution can be affected (5). 
Diffusiobcontrdled Model-In Table 11, the experimental dis- 


solution rate data for the cholesterol monohydrate pellets are com- 
pared to the dissolution rates predicted by the Nernst equation 
(14): 


ADC. 
h 


J = -  


where A is the surface area of the pellet, D is the diffusivity of cho- 
lesterol in the solvent. C.  is the solubility of cholesterol monohy- 
drate in the solvent, and h is the effective diffusion layer thickness. 
The theoretical rate calculations for J / A  involved the use of Eq. 1 
and the experimental D ahd C,  values, with an Ir value of 50 p de- 
termined from a benzoic acid pellet dissolution experiment. This 
analysis points out several interesting aspects of the dissolution 
kinetics. First, the dissolution rates in the organic-aqueous solvents 
are maximal, Le., essentially diffusion controlled. Second, in the 
bile acid media, the rates are about 2-3 times slower than diffusion- 
controlled processes for the hydrodynamic situation prevailing in 
those experiments. Finally, when the solvent is 2% bile acid-1 
lecithin, the rates are about 17 times slower than diffusioncon- 
trolled values and a very large interfacial barrier clearly dominates 
the kinetics. 
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Dantrolene, a Direct Acting Skeletal Muscle Relaxant 
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J. F. CARPENTER, and R. P. HALLIDAY 


Abstract 0 Dantrolene causes skeletal muscle relaxation in animals 
without prominent CNS actions, and it has little or no measurable 
&ect on smooth or cardiac muscle. Dantrolene reduces rigidity 
in decerebrate cats. Unlike centrally acting muscle relaxants, it has 
no preferential effect on polysynaptic flexor reflexes and still 
produces its maximum effect on the muscle twitch in an isolated, 
neurally intact, perfused hindlimb. Dantrolene blocks the twitch 
response when stimulated through the motor nerve in a way dif- 
ferent from the action of tubocurarine or decamethonium. It 
inhibits direct twitch responses in denervated muscle and is equally 
effective in attenuating the direct and indirect twitch responses. 
It is hypothesized that dantrolene causes skeletal muscle relaxation 
by a direct action on muscle at a site beyond the neuromuscular 
junction. 
Keypbrases 0 Dantrole-ffects on skeletal muscle, CNS, and 
smooth or cardiac muscle Skeletal muscle relaxants, potential- 
dantrolene, proposed site of action 


The synthesis of a series of 1-[(5-arylfurfurylidene)- 
aminolhydantoins and their identification as skeletal 
muscle relaxants were reported by Snyder er al. (1). 
One member of this series, dantrolene, 1-{ [5-(p-nitro- 
phenyl)furfurylidene]amino hydantoin, subsequently 
received further evaluation (2, 3). This report details the 
general pharmacology of dantrolene and the proposed 
site of action as a skeletal muscle relaxant'. 


n 


dantrolene 


1 Sodium dantrolene (Dantrium. Eaton Laboratories, Division of 
Norwich Phannacal Co., Norwich, N. Y.) is now undergoing clinical 
tnals asa skeletal muscle relaxant. 
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ExPERIMEmAL 


Methods-Gross Obsermtiod Evaluation-Male albino mice', 
weighing -27 g., were used. The rating scale was similar to  that 
described by Irwin (4). Dantrolene, suspended in 1% carboxy- 
methylcellulose, was administered intraperitoneally and orally 
in logarithmically spaced doses. 


Muscle Incoordination-A rotarod test similar to that reported 
by Dunham and Miya (9, except that the rod rotated at 20 r.p.m., 
was employed. The test drugs were administered intraperitoneally 
in groups of six previously trained mice (maximum of three training 
trials per animal), and the rotarod tests were conducted 15, 30, 
60, and 180 min. following drug administration. The end-point for 
muscle incoordination was the animal's inability to  stay on the 
rotarod for 30 sec. An EDsp (the dose of drug that caused 50% of 
the animals to  fall off before 30 sec.) was estimated by probit 
analysis (6). 


Flexor-Reflex Studies-Cats of either sex, weighing 2-4 kg., were 
anesthetized with an a-chloralose-urethan solution (50 and 500 
mg./kg., respectively) in 50% propylene glycol with water ad- 
ministered intraperitoneally. Flexor-reflex preparations were 
prepared by a method similar to that of Berger (3, using the tibialis 
anticus muscle under a resting tension of 50 g. Sensory reflex muscle 
contractions were elicited by electrical stimulation of the central 
end of the cut tibial nerve. Motor nerve-induced contractions of 
the same muscle were obtained by electrical stimulation of the 
ipsilateral peroneal nerve. A pool of warm mineral oil bathed the 
nerves to  prevent drying. Stimulus train durations of 50 msec. with 
a frequency of 100 Hz., a duration of 0.5 msec., and a voltage of 
7-12 v. were applied to the tibial nerve. Motor nerve stimulation 
parameters were a duration of 1 msec., a frequency of 0.1 Hz.. and 
a voltage. adjusted so that the contraction response was comparable 
in magnitude to the tibial nerve-induced contraction. Nerve excita- 
tion was accomplished with bipolar platinum electrodes connected 
through a stimulus isolation unit, to a stimulator'. Contractions 
were recorded with a force-displacement transducer' on a poly- 
graph'. 


Taconic Farms. 
* Grass SIU-5. 
Grass S88. ' Grass FT 10. 
Grass IB. 
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inhibits direct twitch responses in denervated muscle and is equally 
effective in attenuating the direct and indirect twitch responses. 
It is hypothesized that dantrolene causes skeletal muscle relaxation 
by a direct action on muscle at a site beyond the neuromuscular 
junction. 
Keypbrases 0 Dantrole-ffects on skeletal muscle, CNS, and 
smooth or cardiac muscle Skeletal muscle relaxants, potential- 
dantrolene, proposed site of action 


The synthesis of a series of 1-[(5-arylfurfurylidene)- 
aminolhydantoins and their identification as skeletal 
muscle relaxants were reported by Snyder er al. (1). 
One member of this series, dantrolene, 1-{ [5-(p-nitro- 
phenyl)furfurylidene]amino hydantoin, subsequently 
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ExPERIMEmAL 


Methods-Gross Obsermtiod Evaluation-Male albino mice', 
weighing -27 g., were used. The rating scale was similar to  that 
described by Irwin (4). Dantrolene, suspended in 1% carboxy- 
methylcellulose, was administered intraperitoneally and orally 
in logarithmically spaced doses. 


Muscle Incoordination-A rotarod test similar to that reported 
by Dunham and Miya (9, except that the rod rotated at 20 r.p.m., 
was employed. The test drugs were administered intraperitoneally 
in groups of six previously trained mice (maximum of three training 
trials per animal), and the rotarod tests were conducted 15, 30, 
60, and 180 min. following drug administration. The end-point for 
muscle incoordination was the animal's inability to  stay on the 
rotarod for 30 sec. An EDsp (the dose of drug that caused 50% of 
the animals to  fall off before 30 sec.) was estimated by probit 
analysis (6). 


Flexor-Reflex Studies-Cats of either sex, weighing 2-4 kg., were 
anesthetized with an a-chloralose-urethan solution (50 and 500 
mg./kg., respectively) in 50% propylene glycol with water ad- 
ministered intraperitoneally. Flexor-reflex preparations were 
prepared by a method similar to that of Berger (3, using the tibialis 
anticus muscle under a resting tension of 50 g. Sensory reflex muscle 
contractions were elicited by electrical stimulation of the central 
end of the cut tibial nerve. Motor nerve-induced contractions of 
the same muscle were obtained by electrical stimulation of the 
ipsilateral peroneal nerve. A pool of warm mineral oil bathed the 
nerves to  prevent drying. Stimulus train durations of 50 msec. with 
a frequency of 100 Hz., a duration of 0.5 msec., and a voltage of 
7-12 v. were applied to the tibial nerve. Motor nerve stimulation 
parameters were a duration of 1 msec., a frequency of 0.1 Hz.. and 
a voltage. adjusted so that the contraction response was comparable 
in magnitude to the tibial nerve-induced contraction. Nerve excita- 
tion was accomplished with bipolar platinum electrodes connected 
through a stimulus isolation unit, to a stimulator'. Contractions 
were recorded with a force-displacement transducer' on a poly- 
graph'. 


Taconic Farms. 
* Grass SIU-5. 
Grass S88. ' Grass FT 10. 
Grass IB. 







Cmss-Circulation Studies-Mongrel dogs of eitha sex wen 
anesthetized with sodium pentobarbital (35 mg./kg. i.v.), tra- 
cheotomized, and prepared for trunk-to-limb crosscirculation 
studies similar to these described by Margolin et al. (8). Contractions 
of the tibialis cranialis muscle in the perfused hindlimb were induced 
and recorded as described for the cat flexor-reflex studies. Drugs 
were administered: (a) to  the recipient animal to evaluate the central 
effects of the compounds, and (b) to the donor animal to test periph- 
eral inhibition. Drugs administered to the recipient dog reached 
only the spinal cord. while drug administered to the donor reached 
the perfused hindlimb with its motor nerve and contracting muscle. 


Indirect v m u  Direct Muscle Stimulation-Adult Sprague- 
Dawley male rats were anesthetized with allobarbital-ureth, 
1 ml./kg. i.p., and artificially respired. Carotid blood pressure was 
monitored, and an external jugular vein was cannulated for drug 
injections. The Achilles tendon was isolated and detached with a 
piece of the calcaneous bone at its insertion, and the gastrocnemius 
muscle was freed from surrounding tissue. The free tendon was con- 
nectedwith a ligature to a force-displacement transducer",and muscle 
contractions were recorded on a dynagraph'. Indirect stimulation 
of the muscle was accomplished through the peripheral stump of 
the severed sciatic nerve. Square-wave stimuli of lhnsec. duration, 
0.33 Hz., and at supramaximal voltage were delivered by the a p  
paratus described in the cat fkxor-reflex studies. The muscle was 
stimulated directly with stainless steel needle electrodesle inserted 
directly into the muscle, with the anode in the belly and the cathode 
in the Achilles tendon. Stimulus parameters were as already stated, 
but the voltage was adjusted so that magnitude of the contraction 
response approximated that produced with indirect stimulation. 
The nerve and muscle were kept moist with frequent applications of 
warm (37") mineral oil saturated with Krebs-Ringer's solution. 


Denerwted Muscle (9FUnder  ether anesthesia the right sciatic 
nerve in rats (adult Sprague-Dawley male) was severed and the 
animals were allowed to  recover. Fifteen days later, gastrocnemius 
muscle contractions were elicited by direct muscle stimulation as 
already described. 


Decerebmte Cat (IO)-Cats were anesthetized with ether, and a 
midline incision was made from the base of the nose to the occiput. 
After trephination the skull bone was removed to expose the right 
cerebral hemisphere and, by using the tentorium as a guide, the 
brain stem was sectioned at this level with a spatula. The right 
hemisphere and then the left were removed, and the cranial vault 
was lightly packed with cotton. 


Decerebrate rigidity ensued when the animal was positioned with 
its anterior-posterior axis vertical to the horizon and the head was 
allowed to fall backward. 


Other Neuropharmacdogical Tests-Hexobarbital, 80 mg./kg. 
i.p., and paraldehyde, 0.8 ml./kg. i.p., "sleep" times were evaluated 
in mice by the methods of Cook et al. (1 1) and Iyer (12), respectively. 
Maximal electroshock seizures, produced by a method similar to 
that described by Swinyard et al. (13), and pentylenetetrazol- or 
strychnine-induced convulsions (14) were utilized as anticonvulsant 
tests in mice. 


Local anesthetic activity was evaluated by the procedures of 
Wielding (16) on rabbit cornea and by an intradermal method in 
guinea pigs (17). 


Aatonomc Pharmacology-Anesthetized dogs (sodium pcnto- 
barbital, 35 mg./kg. i.v.) were tracheotomized and placed on d- 
ficial respiration, and a thoracotomy was performed through the 
fifth intercostal space. Coronary blood flow was measured with an 
extracorporeal flowmeter probell, and myocardial contractile 
force was evaluated with a strain gauge arch1* in the usual manner. 
A femoral artery and vein were cannulated for recording of blood 
pressure and the injection of drugs, respectively. Doses of acetyl- 
choline chloride (1 mg./kg.), histamine phosphate (2 w./kg.). or 
epinephrine bitartrate (4 mcg./kg.) were administered several 
times before and at various times after dantrolene or vehicle 
(polyethylene glycol 300). 


Nonvascular smooth muscle activity was evaluated on the GI 
tract of dogs by the procedures of Goldenberg and Burns (18). 


7 Dial-Urethane, Ciba Pharmaceutical Co. 
8 Grass FT 03. * Type R. S.. Beckman. 
10 Grass subdermal E-2. 
I *  Walton-Brodie. 


M d c a n .  


10 30 100 3w 
DANTROLENE DOSE. rng./kg. 1.p. 


Fig- 1-Dantdene effects on muscle incwdination in mice using 
the rotarod (20 r.p.m.), 18 trials per dose-time interval. 


D w T h c  compounds used were: acetylcholine chloride1a, 
physostigmine salicylatela, allobarbital with unthan', a-chlor- 
alosel4, barium chloridel', paraldehyde", dantrolene1@, decamc- 
thonium bromidel', tubocura~ine~~, histamine phosphate1', epi- 
nephrine bitartratel', sodium hexoberbital1~, mephenesin1*, sodium 
pentobarbital'. pentyknetetraml*1, and strychnine sulfate**. 


RESULTS AND DISCUSSlON 


Dantrolene, at doses from 10 t o  1600 mg./kg. i.p. in mice, 
induced dose-dependent decrrases in spontaneous motor activity, 
muscle tone (leg and abdomen), and responsiveness to external 
stimuli. Movements became slow and occurred only when the 


0 
0.25 1.0 2.5 5.0 10 25 40 50 


DANTROLENE DOSE, rng./kg. i.v. 


Figure 2-Dantrdene inhibition of indirectly induced twitch con- 
tractions of rat gastrocnemius muscle. Shown are mean d u e s  and 
stanhrd deviations (vertical bars); the number of animals Is giwn 
in parentheses. 


I* Merck and Co. 
14 Fisher Scientific Co. 
I' Matheson. Coleman and Bell. 
1' Norwich lbnnacal Co. 
17 Burroughs Wellcome Co. 
1' Winthrop Laboratories. 
I *  E. R.  Squibb and.Sons. 
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a* Mahnckrodt Chamcal Worka. 
' 3 1  Knou Pharmaceutic$ c o .  


V d .  62, No. 6, June 1973 0 949 







TUBOCURARINE, 
0.06 mg./kg. 


TaMe I-Dantrolene Effects on Muscle Contractions 
in the Perfused Hindlimb of the Dog 


Drug0 
Percent 


n Inhibition 


DECAMETHONIUM. 
2 mg./kg. 


DANTROLENE. 
10 mg./kg. 


5 min. 15 min. 


m 
5 rnin. 30 rnin. 


5 min. 2 hr. 


Figure 3-A comparison of tubocurarine and decamethonium 
inhibition of the indirect twitch response in the rat with the inhibition 
caused by dantrdene. 


animals were prodded. Muscle relaxation at doses >200 mg./kg. 
was present for longer than 8 hr., and at  doses >400 mg./kg. it 
was present for >18 hr. No deaths occurred after 72 hr. The 
only autonomic effects observed were increased frequency of 
urination and defecation. The urine was dark yellow following 
>40 mg./kg. i.p., and there were indications of chromodacryorrhea 
at >80 mg./kg. i.p. Similar effects in the whole animal were seen 
with other routes of administration (oral and intravenous) and 
in other species of animals (rats, cats, and dogs). 


Dantrolene effects on motor coordination were evaluated using 
the rotarod (Fig. 1). The percentage of animals remaining on the 
rotarod for 30 sec. was plotted for four doses at time intervals up to 
180 min. The time to peak drug effect was 60 min.; at that time, 
when the dose range was expanded, the EDSO for muscle inco- 
ordination was calculated as 153 mg./kg. i.p. with 19/20 confidence 
limits of 86 and 271 mg./kg. This EDao for muscle incoordination 
was considerably above the intraperitoneal dose producing observ- 
able muscle relaxation (10-20 mg./kg.) and indicated that these 
two effects were readily separable. 


Dantrolene’s production of dose-dependent decreases in spon- 
taneous motor activity, responsiveness to external stimuli, and 
skeletal muscle relaxation characterized a “sedativelike” profile. 
However, this profile was atypical in that sedation was secondary to 
muscle relaxation rather than the reverse, as characterizes sedative 
and hypnotic drugs. Muscle relaxation was the most pronounced 
and consistent feature. Unlike the centrally acting muscle relaxants 
and sedative and hypnotic drugs, dantrolene had no effect on the 
corneal and pinna reflexes and caused no loss of righting reflex. 


Dantrolene (5-100 mg./kg. p.0.) increased the duration of 
hexobarbital and paraldehyde sleep times at doses >25 mg./kg. 
Since both methods are of a nonspecific nature and measure only the 
return of righting reflex, a long acting skeletal muscle relaxant 
would be expected to prolong such sleep times. Dantrolene (500- 
1500 mg./kg. p.0.) inhibited maximal electroshock seizures only 
40% at 1500 mg./kg., but it had no effect on pentylenetetrazol- 


t 
DANTROLENE. 10 mg./kg. PHYSOSTIGMINE. 0.250 mg./kg. 


80 MIN. AFTER PHYSOSTIGMINE ’ 


Figure 4-Physostigmine effects on dantrdene depression of the 
indirect twitch response in the rat. 


~~ ~ ~ 


Dantrolene (mg./kg.) : 
1.0, monosynaptlc peripheral response 3 63 


2.5, monosynaptic peripheral response 1 84 


30, polysynaptic central response 4 75.2 


2.5, polysynaptic central response 4 4 


Mephenesin (mg./kg.) : 


Q Dissolved in polyethylene glycol 300. all volumes C1.5 ml./kg. 


or strychnine-induced convulsions at doses up to 500 mg./kg. p.0. 
or i.p. Decreased muscle strength was also observed in the rat 
analgesic test with 100-500 mg./kg. i.p. Although these doses pro- 
duced significant muscle relaxation and slowed the reaction time for 
the tail withdrawal, the response was never blocked. No local 
anesthetic activity was observed with dantrolene (2-600 mg./ml.) 
as evaluated on rabbit cornea or by intradermal injections in guinea 


No effect on blood pressure, coronary blood flow, heart rate, or 
contractile force was elicited by dantrolene (1-10 mg./kg. i.v.) in 
anesthetized dogs. Moreover, the cardiovascular responses induced 
by the various autonomic drugs were not affected by dantrolene. 
Only a slight increase and decrease of short duration in the con- 
tractile activity of the duodenum and colon, respectively, were 
observed after dantrolene (0.5-5 mg./kg. i.v.). There was no effect 
on the ileum. A slight antagonism of barium chloride-induced 
spasticity (19) of the ileum and colon was produced by dantrolene. 


Dantrolene’s muscle relaxant activity led to its being evaluated 
specifically as a skeletal muscle relaxant. k r e b r a t e  cats that 
evidenced rigid extension of their legs and catatonic contraction of 
the trunk musculature were treated with dantrolene intravenously. 
At a dose of 1.8 mg./kg., the extensor rigidity was markedly reduced 
for a duration of 35 min., while 4.0 mg./kg. had the same effect for 
85 min. Decerebrate rigidity was inhibited totally with 5 mg./kg. in 
two animals, whereas reduction in the rigidity and tremors, but not 
complete abolition, was observed in three other cats treated with 
the same dose. All animals treated with dantrolene (1.8-5 mg./kg.) 
exhibited at least some reduction in rigidity. 


Centrally acting skeletal muscle relaxants are well known (7) for 
their preferential inhibition of polysynaptic reflex functions. This 
type of action is readily demonstrated in flexor-reflex preparations 
in which drug effects on monosynaptic and polysynaptic reflexes 
can be determined simultaneously. Dantrolene (0.25-10 mg./kg. 
i.v.) was studied in such preparations, and the results indicated that 
dantrolene had no preferential effect on polysynaptic reflex 
responses. 


It was further demonstrated that dantrolene produced its effect 
on skeletal muscle without central actions (inhibition of p l y -  
synaptic transmission or otherwise) in the isolated perfused hind- 
limb of the dog in the crosscirculation preparation. Dantrolene 
(2.5 mg./kg.) was administered to the recipient dog and found to 
produce no effect (Table 1) on either the sensory- or motor nerve- 
induced contractions. Mephenesin (30 mg./kg.) administered to the 
recipient dog for comparison inhibited contractions elicited oia 
the polysynaptic pathway by 75x. Following mephenesin, when 
muscle contractions had returned to control levels (after 1 hr.), 
dantrolene (1.0 mg./kg.) was administered to the donor dog (periph- 


pigs. 


Table It-Effect of Dantrolene, Tubocurarine, and 
Decamethonium on Denervated Rat Gastrocnemius Muscle 


Percent 


Compound ml./kg. n f SE 


Dose, 
mg./kg. 


or Inhibition 


Dantrolene 2.5 6 39.1 j~ 15. 
Polyethylene glycol 300 1 .O 3 9.7 f 1.9 


control 
Tubocurarine 0.05 6 4.0f 1.1 
Decamethonium 1 .o 6 61.3 f 2.8 
Saline control 1 .o 3 0 
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eral) and the muscle contractions were reduced in the recipient dog 
by 63 and 84% at 1.0 and 2.5 mg./kg., respectively, This lack of 
effect in the recipient dog and the marked effect in the donor 
animals clearly demonstrated that only the peripheral elements of 
the twitch response were affected by dantrolene. 


The peripheral elements of the twitch response were stutiied in the 
gastrocnemius muscle stimulated through its motor nerve (Fig. 2). 
There was a wide effective dose range that caused twitch inhibition, 
and the dose-response relations were unique for this type of prep 
aration in that the dose-response curve plateaued at less than 100% 
inhibition of twitch. Increasing the dose of dantrolene to  50 mg./ 
kg. (five times the maximally effective dose) did not increase the level 
of twitch inhibition. 


The inhibition of the indirect twitch response produced by dantro- 
lene was not unlike that produced by neuromuscular blocking 
agents. This was studied further by comparing dantrolene (0.3- 
15.0 mg./kg.) with the competitive antagonist tubocurarine (0.01- 
0.1 mg./kg.) and the depolarizing blocker decamethonium (0.5-15 
mg./kg.). The responses at roughly equieffective doses (producing 
6 6 0 %  level of twitch inhibition) are illustrated in Fig. 3. The 
time course of the development of the twitch inhibition was similar 
for all three agents, but the duration of action of the dantrolene was 
much greater (>2 hr.) than that produced by either tubocurarhe 
(15 min.) or decamethonium (30 min.). Complete abolition of the 
twitch response was never accomplished with dantrolene at any  
dose, whereas it was readily accomplished with curare and deca- 
methonium at 0.075 and 15 mg./kg., respectively. 


Anticholinesterase agents potentiate the twitch response and 
antagonize the twitch inhibition induced by competitive neuro- 
muscular blockers such as tubocurarine (20). They do not antag- 
onize the effects of depolarizing blocking agents such as decame- 
thonium (20). The twitch inhibition produced by dantrolene was 
found to  be similar to that of tubocurarine in that physostigmine 
(an anticholinesterase agent) reversed the twitch depression for a 
short time (Fig. 4). After the addition of physostigmine, the- twitch 
response steadily increased for 2 min., a t  which time the twitch 
height was at the predantrolene level. The physostigmine effects 
lasted for 80 min., when the twitch response returhed to the dantro- 
lene-treated level. 


Physostigmine antagonism of dantrolene twitch depression 
indicated that dantrolene did not produce a depolarizing blockade 
like decamethonium and implied that dantrolene had anticholinergic 
properties. However, this anticholinergic character was not s u b  
stantiated when the effects on denervated muscle were studied. 
Dantrolene and decamethonium inhibited the twitch response, 
while curare did not (Table 11). (Vehicle control values are included 
for comparison because of the extreme sensitivity of the preparation 
to twitch inhibition by a variety of chemical agents.) 


The effectiveness of dantrolene in denervated muscle indicated 
that it did not require neuromuscular transmission to produce its 
effects and that the reversal of the twitch depression by physostig- 
mine was a physiological type antagonism. Greater quantities of 
acetylcholine, causing twitch potentiation, masked the dantrolene 
depression until the effects of the anticholinesterase had disappeared 
after 80 min. and dantrolene twitch depression was agah evident. 


The physiological antagonism by physostigmine and the lack of 
neuromuscular blocking properties pointed to  a site of action of 
dantrolene that was beyond the neuromuscular junction. This post- 
neuromuscular junction action of dantrolene was tested in experi- 
ments with direct and indirect twitch responses in the same prep 
aration. At a dose of 2.5 mg./kg. i.v., dantrolene inhibited the direct 
twitch response by 56.8 f 7.6%, while the indirect twitch responses 


were attenuated by 57.1 =k 3.0%. Although stimulation of the 
muscle undoubtedly released acetylcholine from some nerve 
terminals, the responses were >70Z direct (7540% of the direct 
response remained in the totally curarized muscle). Equal inhibition 
of both responses confirmed that the blocking action of dantrolene 
was beyond the neuromuscular junction. 


CONCLUSIONS 


Dantrolene is a new type of skeletal muscle relaxant. It has a 
specific action on skeletal muscle that is beyond the neuromuscular 
junction. It represents a new class of skeletal muscle relaxants and 
should be a useful tool for studying skeletal muscle contraction 
meChaniSmS. 
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Hypocholesterolemic Agents 11: Inhibition of 
fl-Hydroxy-6-methylglutaryl Coenzyme A Reductase by 
Arylalkyl Hydrogen Succinates and Glutarates 


MARVIN R. BOOTS*., SHARON G. BOOTS*, CAROLE M. NOBLEt, and KENNETH E. GUYERt 


Abstract 0 A series of arylalkyl hydrogen succinates and glutarates 
was synthesized and assayed for inhibition of yeast phydroxy-8- 
methylglutaryl coenzyme A reductase. The following compounds 
were found to be particularly active as inhibitors: 1-(4biphenylyl)- 
pentyl hydrogen succinate (5 .9 ,  1-(4biphenylyl>hexyI hydrogen 
succinate (a), 1-(4-biphenylyl)-pentyl hydrogen glutarate (5G), 1- 
(2-fluorenyl)-pentyl hydrogen succinate ( I  3 9 ,  and 1-(2-fluorenyl)- 
pentyl hydrogen glutarate (13G). Further studies with Compound 
5s indicated that the inhibition was reversible and noncompetitive 
with respect to 8-hydroxy-8-methylglutaryl coenzyme A and 
NADPH. Dixon and modified Hill plots were used to calculate a 
cooperativity number of 3 for 5s. 


Keyphrases 0 Arylalkyl hydrogen succinates and glutarates- 
synthesis, inhibition of yeast fl-hydroxy-8-methylglutaryl-CoA 
reductase 0 p-Hydroxy-8-methylglutaryl-CoA reductase-inhibi- 
tion by arylalkyl hydrogen succinates and glutarates 0 Inhibition 
of yeast 8-hydroxy-8-methylglutaryl-CoA reductase-synthesis and 
evaluation of arylalkyl hydrogen succinates and glutarates 0 
Hypocholesterolemic agents-inhibition of 8-hydroxy-pmethyl- 
glutaryl-CoA reductase by arylalkyl hydrogen succinates and 
glutarates 


Atherosclerosis and its complications constitute a 
growing problem in public health. Although the term 
atherosclerosis is ill defined ( l ) ,  it is generally agreed to 
include lipid accumulation within the arterial intima as 
one of its early causative factors. 


The discovery of cholesterol in  atherosclerotic arteries 
(2) coupled with the observation of experimentally 
induced atherosclerosis after cholesterol feeding (3) 
provided some of the first indications of the implication 
of cholesterol in atherosclerosis and a suggestion of its 
causative role. 


Because of the importance attached to the plasma 
cholesterol level in atherosclerosis, many approaches 
(4,5) have been investigated to control it. These methods 
may be summarized as: (a) decreased ingestion of 
cholesterol, (6) decreased absorption of cholesterol, 


acetyl-CoA 
I t  


acetoacetyl-CoA 
1 7  


B-h ydroxy-&methy lglutar y I-Co A 
1 


mevalonic acid 
3 


squalene 
1 


lanosterol 
1 


desmosterol 
1 


cholesterol 
Scheme I 


(c )  increased conversion of cholesterol to bile acids, 
and (d )  decreased synthesis of cholesterol. 


The inhibition of the endogenous cholesterol syn- 
thesis could lead to a lowering of the serum level. A 
brief outline of the biosynthetic pathway is shown in 
Scheme I. 


The specific step of the biosynthetic pathway to be 
inhibited or blocked is an important factor (6). Inhibi- 
tion of the first portion of the pathway (acetyl-CoA + 


acetoacetyl-CoA) is not desirable because acetoacetyl- 
coenzyme A (CoA) is involved in fatty acid biosyn- 
thesis. Antimetabolites related to acetoacetyl-CoA would 
possibly tend to inhibit fatty acid biosynthesis as well as 
8-hydroxy-8-methylglutaryl-CoA synthesis; thus the 
earliest feasible step for control would appear to be the 
conversion of fl-hydroxy-/3-methylglutaryl-CoA to 
mevalonic acid. Later possible sites of inhibition would 
involve the reaction sequence between mevalonic acid 
and squalene. However, it appears that any site after 
mevalonic acid requires almost a complete enzyme 
inhibition to affect significantly overall cholesterol 
biosynthesis (7). If the pathway is blocked after squalene 
synthesis, large amounts of the intermediate accumulate 
since the reactions after /3-hydroxy-&methylglutaryl- 
CoA synthesis are irreversible. This accumulation has 
led to serious toxic effects, as in the case of triparanol 


Thus, the conversion of B-hydroxy-/3-methylglu- 
taryl-CoA to mevalonic acid seems to be the ideal 


(6). 


0 
II 


R,-CH + %MgX - 
#O 


CHz4\ pyridine 
RI-CH-OH 


I + I  P -  
R2 (CH3,- CN 


0 
n - l o r 2  


n - n 
Rl-CH--O-C-CH2(CH2),--CO~H 


I 


1 : n  = l o r 2  


Scheme II  
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TO& I-Ropertie~ Of AUrylarylcarbh~l~ Rl 


Yield, Meling Poidt or -Analysis, %- 
Ra % BOilingPoht/mm. Formula Cak. Found 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


15 


- 


86 


63 


58 


89 


69 


73 


- 


67 


94 


69 


58 


90 


73 


92 


99-101 


96-98 


57-59 Om 


59-61 O 


78-79 " 


81-82' 


61-63 


100-1040/30 


110"/ld 


13S0/0. 2 


63-65 "0 


49-50" 


102-102.5 " 


189'/0.3 


6769.5" 


- 
- 


- 


c 84.9 
H 8 .0  


C 85.0 
H 8.3 


C 85.0 
H 8 .7  


C 85.1 
H 9 .0  
- 


- 


C 56.7 
H 6 . 0  


- 


C 84.0 
H 8 .4  


C 85.7 
H 7 .9  


c 80.0 
H 8.1 


c 80.0 
H 8 .1  


85.1 
8.3 


85.1 
8 . 4  


85.3 
9.1 


84.7 
9.1 


56.5 
6 . 0  


83.8 
8 . 3  


85.6 
8.3 


79.8 
7 . 9  


80.1 
8 .2  


asample obtained from Aldrich Chemical Co. "it. (20) m.p. 98-99". cLit. (13) m.p. 58". dLit .  (13) b.p. 164"/27. OLit. (21) m.p. 
65-66'. 


point for the inhibition of cholesterol biosynthesis. 
The selection of this step is based on the following 
reasons : 


1. All reactions prior to mevalonic acid synthesis are 
either reversible directly or reversible through other 
enzymatic pathways. Therefore, the problem of ac- 
cumulation of intermediates is eliminated. 


2. This conversion is the rate-limiting step in the 
synthesis of cholesterol. 


3. The physiological regulation of hepatic cholestero- 
genesis appears to be the result of a feedback inhibition 
of this step (8, 9) by cholesterol or a lipoprotein con- 
taining cholesterol by decreasing the amount, rather 
than simply the activity, of /3-hydroxy-/3-methylglu- 
taryl-CoA reductase (10). 


The enzyme 0-hydroxy-&methylglutaryl-CoA re- 
ductase (E.C. 1.1.1.34), which catalyzes this step, is 


readily available from yeast (1 1, 12). This enzymatic re- 
duction can be measured spectrophotometrically and 
thereby provides an in vitro assay. 


Palazzo et al. (13) and Bizzi et al. (14) reported that 
arylalkyl hydrogen succinates and glutarates (I) ex- 
hibited hypocholesterolemic activity in rats and also 
markedly inhibited the in ~ i t r o  incorporation of acetate 
and mevalonate into both cholesterol and fatty acids. 
These data suggest that multiple sites of inhibition 
are involved. The similarity of phydroxy-/3-methyl- 
glutaryl-CoA to the inhibitors (I) in terms of a free 
carboxyl group, an esterified carboxyl group, and the 
distance separating these two functional groups sug- 
gests that one site of inhibition may be the conversion 
of /3-hydroxy-/3-methylglutaryl-CoA to mevalonic acid. 
Therefore, a series of arylalkyl hydrogen succinates and 
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Table 11-Properties of Succinates and Glutarates 


Com- 
pound 
Num- 


ber Ri 


Melting 
Yield, Melting Point -Analysis, p- 


Calc. Found It Point (Salt) Formula 


1s 


2s 


3s 


4s 


5s 


6s 


7s 


8.9 


9s 


10s 


11s 


12s 


13s 


14s 


15s 


1G 


2G 


3G 


4G 


5G 


6G 


7G 


8G 


9G 


C H A C H Z ) ~  33 


C H a ( C H z ) a -  67 


CHa(CHz)a- 55 


CHa(CHt)a- 53 


CHI(CHi)s- 37 


CHI(CH2)- 25 


135-1 38 " 


109-111" 


64-66 "* 


73-74" 


77-79- 


59-61 " 


49-52" 


Oil 


Oil 


Oil 


Oil 


72-72.5 O 


104-106" 


78-80" 


75.5-77" 
Glutmtes, n - 2 


H- 80 90-91" 


CHI- 40 58-61" 


CHaCH- 40 52-5Sod 


- 


- 


- 


- 


- 


- 


- 


127-128" 


- 


123-1 23.5 a 


118-1 18.5 " 


- 


- 


- 


- 


- 


- 


144-145" 


141-142' 


122-123" 


106-107" 


105-107" 


- 


- 


C71.8 71.7 
H 5.6 5.6 


C72.5 72.7 
H 6.0 6.4 
- - 


C73.6 73.5 
H 6.6 6.9 
- - 


C74.5 74.6 
H 7.4 7.7 


C75.0 75.4 
H 7.6 7.9 


c 6 4 . 2  64.0 
H 7.0 7.0 
N 6.5 6.3 
C60.7 60.6 
H 6.4 6.5 


C 55.3 55.2 
H 5.6 5.6 
N 5.6 5 .5  


C67.5  67.4 
H 6.7 6.8 
N 5.6 5.8 
C72.7 72.8 
H 7.0 7.0 


C75.0  75.0 
H 6.8 7.1 


C71.4  71.4 
H 7.0 7.2 


C71.4 71.3 
H 7.0 7.3 


C72.5 72.3 
H 6.1 6.1 


C73.1 73.1 
H 6.4 6.7 


C68.3 68.4 
H 6.5 6.5 
N 5.7 5.8 
(268.7 68.5 
H 6.7 6.9 
N 5 . 5  5.6 
C69.2  69.4 
H 6.9 7.1 
N 5.4 5.3 
C 69.7 70.0 
H 7.1 7.1 
N 5 . 3  5 . 5  
C70.1 69.9 
H 7.3 7.0 
N 5.1 5.0 
- - 


C61.4  61.7 
H 6.7 6.6 
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Com- 
pound 
Num- 
ba RI 


Melting 
Yield, Melting Point 


Rz Z Point (Salt) 
-Analysis, Zn- 


Formula Calc. Found 


CIOtarat~ A = 2 


1OG CHdCHzJr  29 Oil 118-1 20" 


11G 


12G 


13G 


CHdCH&- 48 Oil 11 2-1 14" 


mY CHdCHz)a- 53 Oil 116117' 


CHdCHi)r- 40 Oil 12%lM0 


14G C H d C H d r  21 Oil 116.5-118.5" 


CJiCHP 


15G CHdCH&- 40 Oil 110-112" 


C 56.1 56.2 
H 5.9 6.1 
N 5 . 5  5.7 


c 6 8 . 0  68.2 
H 6 .9  7.1 
N 5.7 5.7 
C 68.0 68.2 
H 6 .9  7.0 
N 5.7 5 . 5  
C 70.0 69.8 
H 6.8 6.8 
N 5.3 5.1 
C 67.3 67.4 
H 6 . 9  7.0 
N 5.1 4.9 


C 67.3 67.2 
H 6 .9  7.1 
N 5.1 5.0 


,I Analytical data were obtained on the solid monowters. while the oils were characterized as their solid S-benzylthiuronium salts. Th) 
Lit. (13e formula indicates the compound upon which analytical data were obtained. *Lit. (13) m.p. 66". Lit. (13) m.p. 80". Lit. (13) 62". 


1.4961. Found: nB 1.4957. 


glutarates (I) were prepared and assayed as inhibitors of 
the reductase. 


The synthetic scheme for the inhibitors is shown in 
Scheme 11. Treatment of the appropriate Grignard re- 
agent with an ethereal solution of a suitable aldehyde 
gave the desired alcohols (Table I). Acylation of the 
alcohols with succinic or glutaric anhydride in dry 
pyridine afforded the desired monoesters (Table 11). 


The monoesters' that failed to crystallize were chro- 
matographed on silicic acid and characterized as their 
solid S-benzylthiuronium salts. 


EXPERIMENTAL' 


Preparation of Alkylarylcarbinds-The carbinols listed in Table 
I were prepared by treatment of  the appropriate aromatic aldehyde 
with the required Grignard reagent. The preparation of 1-(4- 
biphenyly1)pentanol may serve as an example. 


1-(4-Biphenylyl)pentol (Compound 5)-The Grignard reagent 
was prepared from 4.1 g. (0.17 g.-atom) of magnesium turnings 
and 20 ml. (26 g., 0.192 mole) of n-butyl bromide in 100 ml. of 
ether. To the prepared Grignard was added dropwise, without 
heating or cooling, 25 g. (0.137 mole) of 4biphenylcarboxalde- 
hyde in 200 ml. of ether. The mixture was stirred at 25" for 45 min. 
after the addition was complete. A solution of saturated ammonium 
chloride, adjusted to pH 7 with ammonium hydroxide, was added 
dropwise with cooling until a heavy granular precipitate settled 
out. The mixture was filtered and the solvent was removed under 
reduced pressure to afford 29.5 g., 8 9 x ,  of  a white solid, m.p. 
77-78 '. Recrystallization from ethyl acetate-petroleum ether, 
b.p. 60-75", afforded an analytical specimen, m.p. 78-79'. Table 
1 lists the analytical data. 


The succinates and glutarates listed in Table I1 were prepared using 
Reparati011 of Arylalkyl Hydrogen S d M t e S  and G h ~ t & ' - -  


I The monoester 9s was characterized as an oil. 
Melting points, determined with a Thomas-Hoover capillary melt- 


i n g  oint apparatus, are uncorrected. Microanalyses were performed by 
Galgraith Laboratories. Inc., Knoxville, Tenn. NMR spectra were ob- 
tained using a Varian A-60 NMR spectrophotometer. 


a modification of the pyridine method described by Palazzo et al. 
(13). The preparation of 1-(4biphenylyl)-pentyl hydrogen glutarate 
may serve as an example. 


1-(4-Biphenylyl>pentyl Hydrogen Clutarate (Compound S C t A  
mixture of 3.6 g. (0.015 mole) of the alcohol (Compound 5), 1.71 g. 
(0.015 mole) of glutaric anhydride, and 20 ml. of pyridine (dis- 
tilled from and stored over barium oxide) was heated at reflux 
for 8 hr. The resulting solution was poured on an ice-hydro- 
chloric acid mixture and then extracted with ether. The organic 
phase- was washed twice with water and then twice with a 5 %  so- 
dium hydroxide solution. The basic aqueous extract was acidified 
with a 5 %  hydrochloric acid solution and then was extracted with 
ether. The organic phase was washed with water, washed with a 
saturated sodium chloride solution, and then dried over anhydrous 
sodium sulfate. The solvent was removed under reduced pressure 
to give 2.9 g. of a colorless oil. The colorless oil was chromato- 
graphed on 50 g. of silicic acid. Elution with 20% ether-petroleum 
ether, b.p. 6&75", afforded 2.5 g. of a colorless oil (Compound 
5G), 46%. The NMR spectrum (CDCl,) exhibited a 9: l  ratio of 
aromatic protons to the carboxyl proton, indicating the desired 
monoester. Analytical data were obtained for the solid monoesters, 
while the oily monoesters were characterized as their solid S- 
benzylthiuronium salts (Table 11). 


Preparation of S-Benzylthiuronium Salts-The method of Don- 
leavy (15) was modified. To a solution of 0.17 g. (0.49 mmole) of  
xi in 15 ml. of 95 % ethanol was added 5.1 ml. of 0.095 M sodium 
hydroxide solution. To  this solution was added 0.5 g. (2.4 mmoles) 
of 2-benzyl-2-thiopseudourea hydrochloride* in 5 ml. of hot 95% 
ethanol and then 20 ml. of water. The salt precipitated upon cool- 
ing to give 0.21 g. of a white solid. Two recrystallizations from 
ethyl acetate-petroleum ether, b.p. 6&75", afforded an analytical 
specimen as white prisms, m.p. 122-123'. Table I1 lists the analyti- 
cal data. 


Enzyme Preparation-For the comparative inhibitor studies, 8- 
hydroxy-j3-methylglutaryl-CoA reductase was prepared from lo- 
cally obtained baker's yeast4 by the procedure of Durr and Rudney 
(11) as previously reported (12). The aqueous enzyme preparation 
was transferred to capped serum bottles and stored at - 10" until 
Used. 


a Eastman. 
4 Fleischman's. 
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Table III-Inhibition of 6-Hydroxy-8- 
methylglutaryl-CoA Reductase 


Table IV-Dialysis of Enzyme in the Presence of Substrate, 
Coenzyme, and Inhibitor 5.9 


Com- 
pound 
Num- 


ber 


1s 
2s 
3s 
4s 


-Activity- Corn -Activity- 
Percent pound Percent 
Inhibi- Num- Inhibi- 


I I s a  tion ber 11s hon 


150 0 IG 150 0 
Insoluble - 2G Insoluble - 


150 16 3G 150 50 
150 44 4G 90 50 


5s -66 50 5G 62 50 
6s 62 50 6G 75 50 
7s Insoluble - 7G 50 30 
8s 100 0 8G 100 0 
9s 100 0 %  100 0 


10s 100 30 1oG 100 50 11s 150 50 11G 125 50 
1 2 s  115 50 12G 95 50 
13s 70 50 13G 65 50 
14s 125 50 14G 125 50 
15s 115 50 15G 130 50 
- 


0 The inhibition index, I / S ,  equals the ratio of the nM concentration 
of the inhibitor to the nM concentration of substrate. The I / S  ratios 
are reported for SO% inhibition unless the solubility properties of the 
inhibitor recludes this determination. If sufficiently soluble, a maximum 
ratio of 1 PO was.used for compounds exhibiting a low order of inhibition. 
The I/SooT; ratios were determined by interpolation from a plot of 
percent inhibition uersus log I / S  ratio. At least three sets of duplicate 
determinations between 30 and 8 0 7  inhibition were used, and one set 
within 45-55 inhibition was used ?or confirmation. 


Enzyme Inhibition-Enzyme activity was determined at 30" in 
a recording spectrophotometers by measuring the decrease in ab- 
sorbance at 340 nm. for the oxidation of NADPH (12). To each 
cell were added 1.6 ml. of 0.15 M NaH2P04 (pH 7.0) containing 1 
mM ethylenediaminetetraacetate, 0.2 ml. ethylene glycol mono- 
ethyl ether containing inhibitor, 0.5 ml. of a solution containing 
6.8 mg. cysteine, 50 pl. reduced triphosphopyridine nucleotide 
(NADPH) solution containing 0.36 #mole NADPH, and 0.1 ml. 
enzyme solution (about 14 mg. protein/ml. in buffer). In control 
cells, ethylene glycol monoethyl ether was added without inhibitor. 
The absorbance was allowed to stabilize after stimng prior to 
adding 50 pi. of fl-hydroxy-8-methylglutaryl-CoA solution con- 
taining 44 nmoles of dl-8-hydroxy-fl-methylglutaryl-CoA (12) 
and stirring again. 
Kinetic Studies-For the kinetic studies, a more highly purified 


enzyme was prepared from baker's yeast by a modification of the 
methods of Durr and Rudney (11) and Kirtley and Rudney (16) 
as reported previously (17). This procedure adds a 30-45% saturat- 
ed ammonium sulfate precipitation and substitutes 1 mM di- 
thiothreitol for cysteine. 


Reversibility of inhibition by dialysis was also investigated. 
Various combinations of 5S, substrate, coenzyme, and enzyme were 
dialyzed for 6,12, or 24 hr. against buffer; activity was compared to 
enzyme alone subjected to  similar dialysis (Table IV). 


RESULTS AND DISCUSSION 


Thirty monoesters of succinic and glutaric acids were prepared 
and assayed as inhibitors of yeast 8-hydroxy-fl-methylglutaryl-CoA 
reductase (Table 111). The compounds are composed of two series, 
the succinates (S) and the glutarates (G). This study involved the 
modification of the alcohol moiety of the ester function to deter- 
mine what structural aspects were essential for activity. The corn 
plex alcohol moiety is composed of aromatic (R1) and alkyl (RI) 
groups (Structure I). To differentiate between the effects of the 
aromatic and alkyl groups, Compounds 1S-7s and 1G-7G were 
prepared and assayed. The aromatic group (R,) was maintained 
as a biphenyl group with the alkyl group (Ri) being vaned from 
hydrogen to hexyl. As the chain length is increased from RI = 
hydrogen to Rz = n-hexyl, activity increases dramatically, with a 
maximum resulting when R2 = n-butyl or n-pentyl (5S, SG, 6G). 
In the glutarate series, the ethyl compound, 3G, begins to show 


Gilford. 
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-Hours of Didysi- 
-Experiment 6 12 I- -Experiment 12 24 II- 


Control 100.0% 100.0% 100.0% 100.0% 
Inhibitor (1.58 mM) 79.4 83.3 97.2 100.5 
Inhibitor(1.58 mM). 6- 22.4 42.8 47.6 91.1 


InG66or (1.58 mM), 80.9 93.3 104.7 94.2 


Inhibitor(1.58 mM), 4- 34.0 51.7 68.8 102.1 
NADPH (144 fiM) 


h drox -fl-methyl- 
e r r  utary -CoA (15.8 
p M ) ,  NADPH (144 pM) 


The indicated enzyme solutions containing 14.8 mg. enzyme were 
diluted to 6.0 ml. with phosphate buffer (PH 7.6) containin 1 m M  
d$hiofhreitol. mixed, incubated for 5 min. at 30°, and transferred to 
dialysis tubing. After dialysis at 5" a ainst hosphate buffer (p.H 7.6) 
containing 1 mM dithiothratol for 6, f2. or ?4 hr., enz me activity was 
determined as before and calculated as a percentage orcontrol activity 
(dialyzed without inhibitor, fl-hydroxy-8-methylglutaryl-CoA. or 
NADPH). 


reasonable activity (I /So.r  = 150), whereas the ethyl compound in 
the succinate series, 3S, indicates only minimal activity ( I /S  = 
150, 16% inhibition). However, when R, = n-butyl in both Series, 
5s and 5G, the activities become equal. An additional methylene 
group, Compound 6S, fails to  increase activity in the succinate 
series; in the glutarate series, Compound 6G, a slight decrease in 
activity results. A further increase of chain length of RI is we- 
cluded by solubility problems with Compounds 7s  and 7G. Thus, 
it appears that a hydrophobic bonding area on the enzyme has 
such dimensions that it can accommodate a chain length up to 
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Figure 1-Double-reciprocal plot of oelocity (AAa&nin.) versus sub- 
strate concentration. All reaction mixtures consist of 7.4 mg. en- 
zyme, 0.1 ml. ethylene glycol monoethyl ether, 2.4 ml. of 0.15 M 
phosphate buffer containing I mM dithiothreitol (pH 7.6), 0.36 pmde 
of NADPH, and varying amounts of substrate in a total volume of 2.5 
ml. Key: 0, uninhibited; 8, 0.79 m M  5s; R, 1.19 m M  5s; and ., 1.58 mM SS. 







I I I I I 


0.0 10.0 20.0 30.0 40.0 
I * ,  x 10-1* 


Flgm2-Dixonplof for inhibition by SS(dafa from Fig. I ) .  


five carbon atoms. 
The effects of the variation of the aromatic group (R1) was in- 


vestigated to determine if hydrophobic and electronic effects are 
important in binding of the inhibitor to the enzyme. The n-butyl 
chain (Rt) was retained in these inhibitors. The activity of Com- 
pounds SS, xi, 8S-IOS. and 8G-10G appears to indicate that hy- 
drophobic bonding is of primary importance in determining the 
degree of binding. As the hydrophobic bonding characteristics of 
the group (RI) is increased (biphenyl > 3,4-dichlorophenyl > 4- 
chlorophenyl > phenyl), the activity of the monoesters increases. 
Coplanarity of the biphenyl group also appears to be important, as 
shown by the similar activity of the planar fluorenyl group, Com- 
pounds 13s and 13G. when compared to the biphenyl group, 
Compounds 5s and 5G. 


In an attempt to determine if the position of attachment of the 
hydrophobic group (RI) to the carbon atom bearing the ether 
oxygen of the ester was critical, the isomeric a- and 8-naphthyl 
daivatives (11s. 11G, 12s. and 12G) were examined. No appreci- 
able differences in activity were observed. An attempt also was 
made to detect electronic effects by evaluating positional isomers 
(la, 14G. 15S, and 15G) containing an electron-donating sub- 
stituent. This variation produced no significant change in activity. 


In an effort to obtain more detailed information concerning the 
inhibition, Compound 5s was selected for additional studies on the 
type of inhibition, cooperativity, and reversal of inhibition by di- 
alysis. From a double-reciprocal plot of velocity versus 8-hydroxy- 
8-methylgIutaryl-CoA (Fig. l), it may be seen that the inhibition 
is noncompetitive with respect to substrate. A similar double- 
reciprocal plot of velocity versus NADPH (not shown) indicated 
that the inhibition is noncompetitive with respect to coenzyme as 
Well. 


A Dixon plot (18) and a modified Hill plot (19) were used to 
investigate cooperativity. A cooperativity number of 3 was cal- 
culated from the Dixon plot (Fig. 2) as well as a modified Hill plot 
(not shown). This is subject to a number of alternative explanations: 


1. The enzyme molecules must combine with three molecules 
of inhibitor before any inhibition occurs. 
2. The binding of one molecule of inhibitor to an enzyme mole- 


cule facilitates further binding of inhibitor to a total of three. 
3. The molecules of enzyme which bind fewer than three mole- 


cules of inhibitor are quite unstable, either losing all of their 
bound inhibitor or binding up to their total of three. 


Although subunits of this enzyme have not been reported, these 


data are compatible with an enzyme model consisting of subunits. 
However, subunits and their interactions are only one explanation 
of cooperativity. 


It may be seen from Table IV that inhibition of the enzyme with 
inhibitor 5s is reversible by 24 hr. of dialysis. In the absence of 
substrate, however, inhibition is reversed in 12 hr. This would sug- 
gest the formation of a more stable ternary complex of enzyme, 
inhibitor, and substrate. The presence of NADPH appears to have 
little effect on the reversal of inhibition. 
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Biophasic Availability of Ophthalmic Carbachol I: 
Mechanisms of Cationic Polymer- and 
Surfact ant - Promot ed Miot ic Activity 


VICTOR F. SMOLEN', JAMES M. CLEVENGER, EDWARD J. WILLIAMS, and MARK W. BERGDOLT 


Abstract 0 The influence of the topical application of cationic 
benzalkonium chloride and diethylaminoethyl dextran (mol. wt. =2 
X lW) adjuvants on the time variation of the miotic response in- 
tensity elicited by intraconjunctivally and intraaqueously adminis- 
tered carbachol was studied. The inclusion of either adjuvant in a 
0.1 % carbachol ophthalmic solution topically administered in the 
eye was observed to augment the miotic response activity attrib- 
utable to direct transcorneal absorption into the biophase of the 
treated eye; the effect was nearly comparable to that achieved with 
similar dosing of a 2.0% solution containing carbachol alone. Si- 
multaneous miotic activity in untreated control eyes of the rabbits, as 
well as other cholinergic side effects observed with the 2.0% car- 
bachol solutions, did not occur with the 0.1 % adjuvanttontaining 
solutions, indicating that the enhanced local effects were not ac- 
companied by a concomitantly promoted undesirable systemic ab- 
sorption. The topical application of the adjuvants to the cornea 
following injection of the carbachol into the anterior chamber of the 
eye also appreciably promoted the miotic activity of the drug when 
it was administered by this mode. The principal mechanism of the 
observed adjuvant effects on carbachol biophasic availability is 
postulated as attributable to a promoted tissue permeability and 
release of the drug from corneal tissue binding sites; these occur- 
rences result from an inductively implemented diminution of car- 
bachol tissue binding affinities. The inductive effects originate and 
are propagated from fixed anionic corneal sites which interact with 
the cationic adjuvants. The impermeability of the cornea prevents 
the penetration of the adjuvant molecules to the deeper tissue layers 
where they could more directly influence carbachol tissue interac- 
tions. 


Keyphrases 0 Carbachol ophthalmic solutions-efFect of cationic 
adjuvants on miotic activity Adjuvants, c a t i o n i c a e c t  on miotic 
activity of carbachol solutions 0 M i o s i s a e c t  of cationic ad- 
juvants on carbachol activity 0 Cationic adjuvant &ect- 
miosis of carbachol ophthalmic solutions 0 Ophthalmic solutions, 
carbachol-effect of cationic adjuvants on miotic activity 0 
Benzalkonium c h l o r i d M e c t  on miotic activity of carbachol 
solutions 0 Diethylaminoethyl dextran-&at on miotic activity of 
carbachol solutions 


Studies in this laboratory have been directed toward 
the elucidation of factors that influence the dynamic 
pharmacological response behavior of ophthalmic 
drugs (1-9) and the biophysical mechanisms by which 
they are operative (3, 6, 9). Since they are salutary to 
the development of an ultimate predictive capability 
with respect to the optimal control (7, 8) of drug re- 
sponse dynamics, quantitative treatments of observed 
phenomena in terms of pharmacokinetic and biophys- 
ical models have been developed and implemented 
whenever practicable. The requisite quantitative data 
have been derived from the implementation of two 
unique experimental methodologies, which allow re- 
sults generally considered to be attainable only by de- 
structive and in vitro techniques to be derived in oivo 
under normal physiological drug product use conditions 
without causing any injury. These methods thereby 
allow repeated measurements to be performed on the 


same subjects which can also serve as their own control. 
These techniques include a pharmacological method of 
drug absorption analysis (1-8, 10, 11) and a bioelec- 
trometric method (9, 12-18) for the study of drug and 
other solute interactions with tissues or any other elec- 
trolytically conducting materials. 


The bioelectrometric technique permits the deter- 
mination of adsorption isotherms (12, 18) to describe 
drug-tissue interactions and the performance of kinetic 
studies of sorption and desorption (12, 18); the results 
can be quantitatively characterized in terms of thermo- 
dynamic and kinetic parameters (9, 12, 14, 18). The in- 
terpretation of results provided by the bioelectrometric 
method, concerning the dependency of the fixed-charge 
density of tissue surfaces on the composition of applied 
drug formulations, provides valuable insights into the 
submolecular mechanisms operative in drug-tissue in- 
teractions and transport across biological barriers; 
such information is generally unattainable by other 
techniques. 


The use of transformed temporal pharmacological 
data (10) coupled with conventional pharmacokinetic 
approaches and/or techniques of engineering systems 
analysis and optimization (7, 8) provides a powerful 
approach to performing drug absorption analysis (1-5). 
The use of pharmacological data, as contrasted to the 
use of direct assay data derived by chemical or radiolog- 
ical assay, in addition to allowing the time course and 
rates of cumulative amounts of drug absorbed systemi- 
cally to be determined, also permits the biophasic 
availability of the drug, i.e., the amounts of drug that 
gain access to their sites of action, to be studied for any 
route of administration. The capability to compute the 
time course of drug absorption to a vicinal biophase 
adjacent to a site of topical administration, as well as 
the drug absorption profile for the quantities of drugs 
that simultaneously become systemically absorbed, 
renders this approach particularly valuable for oph- 
thalmic drug bioavailability studies (1-6). Similar to 
the bioelectrometric method for the study of drug-tissue 
interactions, the use of pharmacological data for the 
study of drug transport is nondestructive and noninva- 
sive. 


The present report is the first of a series concerned 
with the kinetics and mechanisms of the biophasic 
availability of ophthalmically administered carbachol. 
Carbachol is an effective drug for the treatment of 
glaucoma. The seemingly erratic and sensitive depen- 
dency of its pharmacological response behavior on the 
formulation of the ophthalmic vehicle has contributed 
to its not being more commonly employed. However, 
it was hypothesized that the same and similar formula- 
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tion factors to thdse responsible for the apparent er- 
ratic response behavior of ophthalmic carbachol, when 
properly understood, could conceivably provide the 
means by which to implement an optimal predictive 
control of the pharmacologieal response dynamics; 
this capability would permit a rational approach to the 
design of carbachol ophthalmic vehicle formulations. 


The present report describes the results of relatively 
simple preliminary experiments concerned with the 
gross mechanistic nature of the very appreciable en- 
hancement of the miotic activity observed to be induced 
by the inclusion of benzalkonium chloride (I) and di- 
ethylaminoethyl dextran (11) in carbachol ophthalmic 
vehicles. Subsequent reports will describe the quantita- 
tion of such results through the implementation of the 
bioelectrometric technique and the pharmacological 
method of drug bioavailability analysis. 


EXPERIMENTAL 


Materials-The ophthalmic solutions containing carbacholi, 
Iz, and IIa, which were employed for topical and/or intra- 
aqueous administration to  the eye, were each prepared in a pH 7.4, 
isotonic phosphate buffer containing 0.1 884 g./l. NaHzP04. H:O, 
1.8293 g./L Na:HPOc.7Hz0, and 7.8910 g.0. NaCI. Distilled 
water was used and all the inorganic components were of reagent 
grade. The cationic dextran polymer has a supplier-reported molec- 
ular weight of approximately 2 X 10'. The molecular weight of I 
was determined in this laboratory as 370 and 370.2 by UV spectro- 
photometry and chloride electroanalysis, respectively. It possessed 
a critical micelle concentration, determined by a liquid junction 
potential technique (19), of 8 X 10-4 M. The carbachol Was at 
least USP grade. The solutions were prepared fresh prior to ex- 
perimentation. 


The apparent equivalent weight of the cationic polymer, 11, was 
determined from Donnan potential measurements to have a value 
of 704 g. per equivalent of charge. The method involved separating 
a 5 %  (w/v) solution of 11 in pH 7.4 buffer from the buffered vehicle 
itself across a dialyzing membrane'. Dialysis equilibrium was 
achieved by storing the dialysis cell arrangement in a 37" water 
bath for 30 hr. with constant agitation until the Donnan potential, 
measured with a digital pH/voltmeter6 using saturated calomel 
electrodes', became constant. The concentration of cationic charge 
in the solution resulting from the polymer and its equivalent weight 
was computed using previously reported (9, 12) theoretical ex- 
pressions. By using these results, the 0.06% (w/v) 11 solution 
used in the present studies may be computed to be 8.5 X lo-' N 


l Alcon Labs, Inc. Fop Worth, Tex. 
* KBK Labs., Plahview, N. Y. 


Pharmacia. Uppsala. Sweden. 
4 Brasite Machine Co.. New York, N. Y. 
6 Orion model 601. 
6 Beckman. 


Figure l-Ttme oariation 
of miotic response in- 
tensity fdlowing topical 
administration of 0.1 ml. 
of 0.1% carbachol (0). 
2.0% carbachol (O), and 
0.1 % carbachol solutions 
containing 0.02 benz- 
alkonium chloride (A) 
and 0.06% diethylamino- 
ethyl dextran (0). Each 
point represents the aver- 
age of four replicarions 
performed on seDarate 


150 210 rabbits. 


in polymercontributed cation c charge. The normalities of the 0.02 
and 0.03% I solutions are 5.4 X lO-'and 8.1 X lO-' equivalents of 
cationic charge k r  liter, respectively. 


Approximately 4-month-old, male, New Zealand white rabbits, 
weighing 3.3-3.6 kg., were used as experimental animals. Twenty 
rabbits were screened on the basis of their similitude in pupillary 
accommodation to varying light intensity, magnitude of peak miotic 
response to test doses of carbachol administered intravenously, and 
clarity of pupil definition. Four of the rabbits were selected for use 
in the.stqdy. 


Toplcal Administration to the Eye-The solutions administered 
intraconjunctivally to the rabbits contained 0.1 or 2.0% carbachol 
or 0.1% carbachol with 0.03% I or 0.06% (w/v) 11. Solutions of 
0.03 % I gqd 0.06% I1 alone were also administered topically follow- 
ing intraaqueous dosing with carbachol. 


Topical doses of 0.1 ml. of solution were instilled into the rabbit's 
eye using a 1.0-d. syringe; the lower eyelid was retracted from the 
cornea and the solution was dropped into the conjunctival sac. 
The eyelids were held closed for 30-45 sec. following instillation 
to keep the rabbit from blinking, thereby preventing a large initial 
loss of the solution from the eye. 


Intraaqueolls Administration of Carbaehd-Approximately 1 
ml. of a 1%. isotonic. xylocaine solution' was dropped into the 
rabbit's eye to anesthetize the cornea. A 4-mcg./kg. dose of car- 
bachol, contained in volumes of 0.05% (w/v) solutions ranging 
between 0.020 and 0.029 ml., was carefully injected through the 
cornea into the anterior chamber of the right eye. A similar injec- 
tion of the same volume of solution vehicle alone provided a con- 
trol. The infiuence of the adjuvants was studied by the topical 
instillation of 0.1 rnl. of the 0.03x I or 0.06% 11 solution im- 
mediately following the intraaqueous injection. 


Miotic Response donitoring-The details of monitoring the time 
variation of pupillary diameters following dosing of rabbits were 
reported previously (1, 2). Briefly, however, the rabbits were re- 
strained in a box during the procedure in which the diameter of the 
pupil was measured with a vernier caliper supported at a constant 
distance from the eye. A standard initial value of 4.5 mm. was ob- 
tained by adjusting the light intensity produced by two microscope 
lamps* using a rheostat. Subsequently, the eye was illuminated only 
during the time of the mdsurements (30-45 sec.) to avoid accom- 
modation of the pupil to the light. The minimum pupil diameter 
during the period of illumination was recorded along with the time 
at  which it was observed. Experience has demonstrated that this 
prrkedure, coupled with scceening the rabbits prior to their selec- 
tion for the study, considerably decreases both intrasubject and 
intersubject variations in the results. The miotic response intensity, 
f, was coinputed as: I = 1 - (dr/4.5), where dr  is the pupillary re- 
sponse at time t following dosing, and the value o f 4 3  refers to the 
millimeter value of the pupillary diameter at time zero. The overall 
average relative error iri the values of I obtained in this study is less 
than 6%. Since the variation in replicate experiments performed on 
the same animals was of the same magnitude as for replicates per- 
formed on different rabbits, results from different animals could be 
combined as averages. 


7 Astra Pharmaceutical. 
8 Bausch & Lomb. 
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Figure 2-Time variation of miotic response intensity folJowing intra- 
queous administration of 4 mcg./kg. of carbachol to two rabbits with 
(A) and without (0) the topical administration of 0.1 ml. of 0.03% 
benzdkonium chloride immediately afterward. 


RESULTS AND DISCUSSION 


Adjuvant-Promoted Miotic Activity of Topically Administered 
Carbachol-Figure 1 presents the results of monitoring the time 
variation of miotic response following intraconjunctival administra- 
tion. The results represent the averages of four replieations per- 
formed on separate animals. The lowest curve depicts the miotic 
activity observed following the administration of 0.1 % carbachol, 
which may be compared to the approximately eightfold increase 
in peak response intensity observed with an equal volume dose of a 
2.0% carbachol solution. The middle curves demonstrate the in- 
fluence of the inclusion of 0.02% I or 0.06% I1 in the ophthalmic 
solutions. The response uersus time profiles clearly demonstrate the 
appreciable enhancement of miotic activity induced by the relatively 
small concentrations of these cationic adjuvants. Concentrations 
of I1 other than 0.06% were not studied. However, increasing the 
concentration of I beyond 0.02% up to 0.04%. which was the max- 
imum level studied, causes further, although less pronounced, en- 
hancement to the point where the response to the 0.1 % carbachol 
solution is approximately tantamount to the results of administer- 
ing the 2.0% carbachol solution alone. The details of all results 
with I will be presented in a subsequent report in the present series. 
It may be expected that an increase in the concentration of I1 
would behave similarly to I in augmenting the response. 


Except for topical dosing with the 2.0% carbachol solution with- 
out adjuvants, which produced a peak response in the left eye of 
0.055-0.06 unit and a duration of approximately I 0 0  min., the 
0.1% carbachol solutions with and without adjuvants did not 
elicit any miotic activity in the left eyes of the rabbits used as car- 
bachol-untreated controls. This observation and the observed rela- 
tive lack of other systemic effects clearly indicate that the adjuvant- 
induced promotion of the pharmacological activity is attributable 
to an enhanced transcorneal biophasic availability directly to the 
sites of action as compared to an increase in the systemic bio- 
availability as can occur through schleral absorption, aqueous flow, 
and volume loss through the lacrimal-nasal drainage duct (3, 5,  6). 
By the latter routes, the drug enters the systemic circulation prior 
to gaining access to its biophase. Such systemic absorption is 
obviously undesirable because of the cholinergic side effects that 
can result from the systemic presence of carbachol. Inclusion of the 
adjuvants in the topically administered 0.1 % carbachol solutions 
induced a local pharmacological activity nearly equivalent to the 
2.0% carbachol, without apparent systemic activity. The signifi- 
cance of this observation with respect to the possibilities for the 
formulation of both safer and more effective carbachol ophthalmic 
preparations is apparent. 


Adjuvant-Promoted Miotic Activity of Intraaqueous Injected 
Carbachd-Figure 2 presents the average results of the intraaqueous 
administration of 4-mcg./kg. doses of carbachol alone (lower curve) 
and the same dose followed by the topical administration of 0.1 
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Figure 3-Time oariafion of miotic response intensity following intra- 
aqueous administration of 4 mcg./kg. of carbachol to two rabbits with 
(A) and withour (0) the topical administration of 0.1 ml. of 0.06% 
diethylaminoethyl dextran immediately ajlerward. 


ml. of 0.03% I (upper plot). Intraaqueous dosing results similarly 
obtained with the topical administration of 11 are shown in Fig. 3. 
In each case, a peak miotic response intensity was observed within 
2-4 min. following dosing, after which an initially rapid decline in 
effect was apparent. The effects of the treatment with intraaqueous 
carbachol alone continued to diminish in a second phase, appearing 
between approximately 5 and 10 min., during which the decay was 
considerably slower. However, the miotic response observed in ad- 
juvant-treated eyes again rose to a secondary maximum and 
plateau for a prolonged period in excess of the 180-rnin. interval 
over which the miotic activity was monitored. The pattern and 
magnitude of the influence of I and I1 were similar. Although the 
molar concentrations of I and I1 solutions are quite different, their 
normality with respect to cationic charge is nearly the same. 


Mechanisms of Adjuvsnt-Promoted Miotic Activity-The topical 
application of the cationic adjuvants to the cornea has been dernon- 
strated by the discussed results to augment the miotic activity of 
both topically and intraaqueously administered carbachol. Non- 
specific physical mechanisms operative at the corneal surface- 
such as an increased viscosity of the vehicle or a Donnan exclusion 
effect which may be expected to be imparted by the positively 
charged polymeric 11, or a lowering of surface tension attributable 
to the inclusion of the surface-active I-which could conceivably 
contribute to promoting the transcorneal absorption of carbachol 
following topical dosing, cannot reasonably be considered respon- 
sible for the enhanced activity observed following intraaqueous 
administration. Any explication in terms of a principal mechanism 
common to both routes of administration must obviously account 
for apparent transmission of the influence of the adjuvants through 
the thickness of the cornea to effect the disposition of the bolus of 
carbachol injected directly into the anterior chamber in such a 
manner as to promote the availability of pharmacologically active 
drug to its sites of action. The adjuvants themselves are miotically 
inactive; any appreciable penetration of the adjuvants across the 
minute lesional area in the periphery of the cornea resulting from 
the needle puncture may be considered as unlikely. The permeation 
of the highly charged 11, possessing a molecular weight of approxi- 
mately 2 million, across the corneal barrier to influence directly the 
interaction of carbachol with deeper tissue structures and thereby 
effect its disposition is untenable. 


As a remaining alternative, it may be hypothesized that it is not 
necessary for the adjuvant molecules themselves to be physically 
transported into and through the cornea to effect changes in the 
nature of the interaction of carbachol with affected tissue structures; 
it is only required for the cationic adjuvants to interact with anionic 
corneal tissue surface sites. Such interactions can allosterically 
operate to induce changes which are inductively propagated (20.21) 
by delocalization of mobile electrons to  neighboring sites and deeper 
tissue levels where they alter tissue binding affinities for carbachol. 
These changes, in turn, result in the release of free, pharmacologi- 
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cally active drug. Although this postulation concerning the prop  
agation of seemingly ethereal influences over relatively long ranges 
through tissues may initially appear highly speculative, it is con- 
sistent with theoretical considerations appearing in reports by 
other investigators (20-25) as well as from this laboratory (12, 13, 
15, 16, 18). A further discussion and the details of experimental 
results which lend considerable credence to this hypothesis will 
be presented in subsequent reports. Briefly, however, it was found 
through the application of the pharmacological method of drug 
absorption analysis that larger quantities of carbachol were com- 
puted to be ultimately absorbed following topical administration 
with adjuvant-containing vehicles than were actually contained in 
the volume of solution with which the rabbits were dosed. This ob- 
viously violates the requirement for material balance. This anomaly 
does not occur when carbachol is administered alone, suggesting 
that the adjuvants act to displace and/or cause a release of tissue- 
bound, miotically inactive, carbachol from tissue binding sites. 
This action of the adjuvants is manifest in a lesser “apparent vol- 
ume” of distribution; therefore, a higher concentration of free 
carbachol is available to its sites of action relative to that occurring 
in the absence of the influence of the adjuvants. 


The above phenomenon may be further understood by con- 
sidering an analogy to drug binding to plasma proteins. The volume 
of the plasma compartment computed as the ratio of an amount of 
drug known to be present in the plasma to the concentration of 
free drug for an extensively protein-bound drug will be determined 
as quite large. An adjuvant-induced release of the drug from its 
binding sites will obviously cause an increased free concentration 
of drug. When this concentration is multiplied by the value for an 
apparent volume of distribution determined in the absence of the 
adjuvant effect, values of apparent quantities of drug in excess of 
those which may be known to be actually present will be obtained. 
This is, in effect, analogous to what was observed with carbechol. 
The results of applying the bioelectrometric method to the study of 
adjuvant and carbachol interactions (to be reported later) also 
clearly imply further evidence that binding of cationic adjuvants to 
anionic corneal surface sites can profoundly influence the extent to 
which gangs of other anionic sites are occupied by cationic s o r p  
tates such as carbachol. Briefly, the results reveal a complex behavior 
in which I was observed to: (a) create new anionic tissue binding 
sites for carbachol through causing a cooperative, all-or-none type, 
deprotonation and/or release of other cations, e.g., Na+ and K+, 
which can normally occupy these sites, (b)  compete with carbachol 
for tissue binding sites, and (c) cause a sudden release of carbachol, 
as well as possibly other cations. This release occurs over nearly 
undiscernably small concentration ranges; such behavior is char- 
acteristic of cooperative mechanisms (21). The contribution of 
each of these phenomena to the tissue interaction behavior at any 
time was found to be dependent upon the relative magnitudes of 
carbachol and I concentrations simultaneously present. 


SUMMARY AND CONCLUSIONS 


In summary, the mechanism of the adjuvant effects is tentatively 
postulated on the basis of the present evidence as follows. Carbachol 
enters the corneal tissue through its surface following topical ad- 
ministration or back-diffuses into the cornea after intraaqueous 
dosing; the carbachol strongly binds to the tissues to a considerable 
extent. The bound, miotically inactive, drug could serve as a res- 
ervoir to prolong the activity, except that, under normal circum- 
stances in the absence of adjuvants, the strongly bound drug is 
released too slowly to induce or contribute appreciably to observable 
levels of pharmacological activity. The interaction of the cationic 
adjuvants with anionic corneal surface sites results in the competi- 
tive displacement of bound carbachol from the surface and a dim- 


inution in the affinities of surface and deeper tissue binding sites. 
There is also a probable enhancement of the permeability of car- 
bachol through the cornea (21). These effects permit the existence 
of relatively higher concentrations of the free drug to  be available 
to its site(s) of action. 


It is particularly notable that the observed adjuvant-induced 
augmentation of the miotic response activity apparently occurred 
by a promoted transcornel absorption route rather than an en- 
hanced systemic availability, which appeared to remain unaffected. 
The significance of this observation resides in an ability to formulate 
safer carbachol ophthalmic preparations using smaller concentra- 
tions of the drug, with a resulting diminution in systemic side 
effects; this can be accomplished without impairing the ophthalmic 
potency of the formulatioqs. 
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Esters of Hydantoic Acids as Prodrugs of Hydantoins 


V. STELLA* and T. HIGUCHI' 


Abstract 0 Hydantoins used as drugs possess low water solu- 
bility, which has led to erratic absorption patterns and dissolution 
patterns and possible precipitation in the blood after intravenous 
infusions of solutions of their sodium salts. The aim of this in- 
vestigation was to elucidate the chemistry, physical properties, and 
pharmacological activity of some more water-soluble derivatives 
of hydantoins to determine the feasibility of their use as prodrugs. 
Various esters of the hydantoic acids of mephenytoin and 3-methyl- 
phenytoin were prepared and found to be quantitatively converted 
to the respective hydantoin under neutral to basic conditions. The 
8-N',N'-diethylaminothyl esters, in particular, were soluble in 
water up to  pH 8 (presumably in the protonated form) and were con- 
verted to the respective hydantoin at pH 7.4 and 37", with half- 
lives of under 20 min. At 25' and pH 6.0, the esters were stable for a 
few hours. An animal study using mice to test for anticonvulsant 
activity of the esters after intraperitoneal injection gave encourag- 
ing results (EDoo = 60 mg./kg., LDSO = 600 mg./kg.). The results 
suggested that 8-N',Nf-diethylaminothyl esters of hydantoic 
acids were candidates as water-soluble prodrugs of the respective 
hydantoin. 


Keyphrases 0 Hydantoic acid esters-evaluated as potential hy- 
dantoin prodrugs 0 Hydantoin prodrugs-evaluation of water- 
soluble hydantoic acid esters 0 Prodrugs for hydantoins--evalua- 
tion of water-soluble hydantoic acid esters 


A number of hydantoins, including phenytoin, 
mephenytoin, and nitrofurantoin, are widely used as 
drugs. Their medical and veterinary usages, however, 
have been hampered by their low water solubility com- 
bined with their weakly acidic nature. Phenytoin, for 
example, has shown erratic absorption patterns and dis- 
solution patterns as well as possible precipitation in the 
body after intravenous infusions of highly alkaline solu- 
tions of its sodium salt (1-4). Gastric upset associated 
with oral doses of sodium phenytoin similarly may be 
due to this necessary high alkalinity of aqueous solu- 
tions of the salt form. 


The aim of this investigation was to determine the 
feasibility of obtaining transient prodrug ( 5 )  forms of 
these drugs which would confer acceptably high water 
solubility within the physiological pH range but convert 
to the desired active structure within the body system. 
Results obtained based on various esters (I) of the 


RI 0 
I II 
I 


Rn-C4--OR* 


NH-C-NH 


d LHl 
1 


R1, Rr = aryl or alkyl suhstituents 
R1 = alkyl (simple esters) or 


-GHdN(CaH& (amino esters) 


respective hydantoic acid of the hydantoin, especially 
those esters that have an ionizable amino group in the 
alcohol portion of the ester grouping, are reported at 
this time. Esters of hydantoic acids are known to cy- 


clize oiu an intramolecular reaction under basic condi- 
tions to their respective hydantoin (Scheme I), but no 
actual kinetic data are available. Kinetic data are avail- 
able, however, on the cyclization of esters of the related 
o-ureidobenzoic acid under aqueous conditions in the 
neutral to alkaline pH range (6). Intramolecular cycliza- 
tions have been postulated as a means of latentiation 
by Levine et ul. (7) in their work on the conversions of 
w-haloalkylamines to their quaternary analogs. In the 
past, many derivatives of drugs formed through an ester 
linkage have been dependent on enzymatic reactions to 
release the parent compound (8, 9). Intramolecular re- 
actions are known to be many thousand times faster 
than their intermolecular equivalent (lo), forming a 
basis for the release of the parent compound at a speed 
that is not totally dependent on enzymatic mediation. 


Table I lists the four esters investigated in the present 
study along with their compound numbers and 
formulas. Compounds IV and V cyclize to give me- 
phenytoin, while I1 and 111 cyclize to give 3-methyl- 
phenytoin. Both mephenytoin and 3-methylphenytoin 
are anticonvulsant drugs. 


EXPERIMENTAL 


Equipment-A recording spectroph6tometerl with a thermo- 
stated cell compartment capable of maintaining temperatures to 
*0.1 O was used for all spectroscopic measurements. The pH meas- 
urements were carried out using a research pH meter' standardized 
at 25" with phosphate buffer (pH 7.40 at  25") and borate buffer 
(pH 9.18 at 25"). NMR spectra were measured on an NMR spec- 
trometer'. 


Materials and Reagento-All chemicals used were of analytical 
or reagent grade. Mephenytoin was supplied commercially4. Buf- 
fers were made from triply distilled water and analytical grade 
phosphates and borates, with the ionic strength adjusted to unity 
with potassiumchloride. Buffer concentration was 0.1 M. 
The four esters were prepared via identical pathways. Analyses of 


the compounds are shown in Table 11, and Table 111 gives some spec- 
tral data. An example of the synthetic procedure is listed here, and 
any ditferences associated with the synthesis of the other three es- 
ters are explained under the particular step. 
Synthesis of V-Srep 1-Ten grams (0.046 mole) of mephenytoin 


was placed $ a plunging autoclave with 200 ml. of 2Ox NaOH 
under nitrogen. The mixture was heated at 180-190" for 24 hr., 
filtered through charcoal, and diluted to 500 ml. The solution was 
neutralized with glacial acetic acid and concentrated to 150 ml. 


RI 0 RI 0 


8 
Scheme I 


1 Cary 14. 
a orning model 12. 
8 Farian Ta. 
From Sandoz Drug Co. 
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Table I-Hydantoic Acid Esters Studied with Ri ( i  = 1, 
2, or 3) Referring to the Groups in Scheme I 


con 
pound 
Num- 


Chemical Name ber RI RI Ra 
~~ 


Ethyl 5-methyl-2,2- 11 CsIs CIHS C 3 I b  . .  
diphenylhydantoate 


5-methyl-2,2-diphenyl- 
8-N',N'-Diethylaminoethyl 111 CoH6 CaHs GH4N(C&), 


2-phenylh ydantoate 


2ethvl-5-methvl-2-~henvl- 
8-N',N'-Diethylaminoethyl V CoH6 C,Ha C,H,N(GH6)r 


. . I  


hydahtoate 


The crystalline material that precipitated was filtered and washed 
with 200 ml. of water and 200 ml. of ether. This gave a product of 
m.p. 288" dec., corresponding to 2,241ylphenylglycine (VI) [lit. 
(11)m.p. 275'dec.I. The yield was 5.5 g. 


Step 2-Three grams (0.017 mole) of VI was dissolved in 30 ml. 
of 1 N NaOH. An excess of ethyl chloroformate (5  g., 0.047 mole) 
was added dropwise to this solution, while the pH of the solution 
was maintained alkaline by the addition of sodium hydroxide 
pellets. The solution was allowed to stir until no odor of ethyl 
chloroformate was detectable. After extraction with 2 X 50-ml. 
portions of ether (to remove any ether-soluble impurities), the 
aqueous layer was acidified with hydrochloric acid and again ex- 
tracted with 4 X Sml.  portions of ether. After drying over mag- 
nesium sulfate, the second ether extraction was evaporated by a 
rotary evaporator for 1 hr. Fifteen milliliters of benzene was added 
and warmed to complete solution. n-Heme was added dropwise 
to cause cloudiness and precipitation of a white solid of m.p. 130- 
131 O and a yield of 1.5 g. This was presumed to be Nethoxycar- 
bonyl-2.2ethylphenylglycine (Vll). 


Step 3-Five milliliters of thionyl chloride was refluxed with VII 
(700 mg., 0.003 mole) for 1 hr. The excess thionyl chloride was re- 
moved by a rotary ebaporator, leaving a yellow solid. The solid was 
taken up in benzene and precipitated with n-hexane, leaving a white 
compound of m.p. 99-101" and a yield of 550 mg. This was pre- 
sumed to be 4,4ethylphenyloxazolidinedione (2,5) (Vlll). 


srep 4-To VIII (500 mg., 0.002 mole), freshly distilled diethyl- 
aminoethanol (400 mg., 0.003 mole) was added in a dry flask at 
140". An atmosphere of hydrogen chloride gas was passed over the 
melt. These conditions were maintained for 20 min. No product 
was actually isolated in this step. 


If the ethyl or methyl esters were being prepared, VIII was re- 
fluxed in a Solution of the appropriate alcohol which had hydrogen 
chloride gas passed through it. 


Step 5-The syrupy melt of Step 4 was taken up in chloroform 
and extracted with 0.1 NNaOH and water. After drying, the chloro- 
form layer was evaporated to 0.5 ml. and methylisocyanate was 
added (500 mg., 0.009 mole). The solution was allowed to stand for 
20 min. and then evaporated to remove the excess methylisocyanate. 
The remaining oil was taken up in n-hexane and eventually precipi- 
tated as a solid of m.p. 83-87 O. The solid was taken up in chloroform 


Table II-Elemental Analyses and Melting Points of the 
Prepared Esters 


-Analysis, %- 
Esters CalC. Found Melting Point 


c 69.25 69.20 220" 


C 62.35 62.17 
H 7.20 7.42 
N 11.20 11.37 


H 7.60 7.49 
N 10.97 10.66 


H 8.66 8.86 
N 12.52 12.76 


111 C 68.95 69.10 144-145" 


V c 64.50 64.77 88-89' 


Table III-NMR Data for the Four Esters 


Ester 6 Value, Integration, Assignment' 


I1 1.20 6 (triplet), 3, --OCHaCHa; 265 6 (singlet), 3, 


(broad). 1, -NHCHa; 6.85 6 (broad), 1, 
-CONHC(C.H&-; 7.30 6 (multipkt), 10, 
--C(Cdth 


0.85 6 (triplet), 3, --C~HrC(CHrCH+; 2.60 
(quartet). 2, --CaHsC(CHCHa)-; 2.65 6 (singlet), 3, 


-NHCHa; 4.25 6 (quartet), 2, --OCHC&; 5.45 6 


IV 
-NHCHa; 3.65 6 (Singkt), 3, 4 C H a ;  7.35 6 
(multipkt), 5. -Cd&C(GHd- 


0.96 6 (tripkt), 6, -N(CHiCHa)r; 2 4  6 (quartet), 
2.50 6 (singlet), 2.55 6 (triplet) all integrated for 
9 protons, -CHlN(CHCH& and -NHCHa; 4.20 
6 (triplet), 2, -0CHCHr;  4.60 6 (broad), 1. 


7.35 6 (mulhplet), 10, --C(CaHr)r 
0.85-1.55 6 (multiple peaks), 9, -N(CHiCHa)r and 


111 


-NHc& ; 6.20 6 (broad). 1. - c s N H q c & ) -  ; 


V 
<&(CHiCHaF; 2.45-3.00 6 (multiple peaks), 11, 
--CH*N(CHtCH& and -NHCHa and 
--C4HIC(CH,CHJ-; 4.40 6 (triplet), 2, 
-0CHrCHa; 5.00 6 (broad), 1, -NHCHa; 6.35 6 
(broad), 1, --C€)NHC-; 7.60 6 (multiplet), 5, 
-GHd3GHs)- 


0 All esters run in CDCla. 


and extracted with 2 X 50-ml. portions of water. After drying and 
evaporating, the chloroform layer gave a white solid of m.p. 88-89", 
corresponding by elemental analysis and NMR to pN',N'-di- 
ethylaminoethyl2ethyl-5-methyl-2-phenylhydantoate (V). 


Kinetic Measurements-All kinetic measurements were carried 
out directly in the thermostated cell compartment of a recording 
spectrophotometer'. At the elevated temperatures, the buffer solu- 
tion was placed in the cell compartment and allowed to equilibrate 
before the ester was introduced as a standard dioxane solution. For 
11 and IV, the least water-soluble esters, the final concentration of 
dioxane was 5%; for 111 and V, the concentration of dioxane was 
2 z .  The formation of the hydantoin was followed at 240 nm.; the 
rate constants were determined from plots of log (A, - At) wrsus 
time, where A, and At are the absorbance readings at infinity and at 
time t, respectively. Some rate constants were also determined by the 
Guggenbeim (12) method. The closure rates in the presence and 
absence of horse serum cholinesterase', with a concentration of 2 
mg./ml. of enzyme in pH 7.4 buffer, were followed directly in the 
cell compartment of the spectrophotometer. 


Product Analysis-All of the esters gave their respective hy- 
dantoins on reaction with base. This was checked by spectral 
comparisons and TLC [solvent system of chloroform using micro- 
scopic slide technique (1311. On heating in water, the four esters 
gave a near quantitative yield of the parent hydantoin. 


Soluwlty Study-The solubility of the hydantoins and their 
derivatives in chloroform-carbon tetrachloride (1 : 3 v/v) at 25 O was 
determined semiquantitatively using a gravimetric technique. The 
semiquantitative scale was necessary because of the small amounts 
of materials available. The partitioning of the esters and hydantoins 
between the chloroform-carbon tetrachloride nonaqueous layer 
and the pH 6.0 phosphate buffer was also estimated uia the gravi- 
metric technique by determining the amount of hydantoin or deriva- 
tive in the nonaqueous layer before and after extraction with the 
aqueous buffer. The aqueous solubility of V and 111 in pH 6.0 phos- 
phate b d e r  was estimated by placing Smg. fractions of the esters 
in 10 ml. of the buffer at room temperature until a saturated solu- 
tion was obtained. This simple semiquantitative procedure was 
necessary, because even at 25" and pH 6.0 the esters are converted 
to their hydantoins with half-lives of under 10 hr.; since the hy- 
dantoins (the products of the reaction) are very water insoluble, 
they would show up as saturated solutions when only a simple ob- 
servation was being used as the criterion for saturation. 


Animal Studies-The animal studies presented here are not meant 
to represent a full comprehensive study but rather to show that the 
particular derivatives synthesized and studied in this work are, in 
fact, pharmacologically active and relatively nontoxic on a short- 
term &. 


Sigma Chemical Co. 
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Table IV-Effect of Varying Borate Buffer Concentration on 
Cyclization" of IV at 25". pH 9.0 (P = 1.0) 


Borate Concentration. 
M kok, mill.-' 


0.017 8.50 X 10-1 
0.029 8.65 x 10-s 
0.050 8.60 X 10-1 
0. loo 8.16 x 10-1 


Average 8.58 X 10-* 


a kn for the cyclization of IV at 25" from the average value of k o b  at 
pH 9.0 is equal to 8.58 X 10' M-1 rnim-1. 


Random bred, albino, female mice, Ha/ICR, age 3-6 weeks, with 
an average weight of 11 g. (variation 8-15 g.), were obtained6 and 
acclimatized for 3 days before use. 


Toxicity Studies-Fifty mice were separated into lots of 10. 
Compound V was dissolved in a 0.1 M phosphate buffer of pH 5.9. 
The concentration of drug was such that when given intraperi- 
toneally, -0.1 ml. or -0.2 ml. of the solution gave 100 mg./kg., 200 
mg./kg., etc., of drug; i.e., all intraperitoneal injections were of 0.2 
ml. or less. The animal weight was used to calculate what volume of 
solution was necessary to give the desired dose. With the first set of 
10 animals, each animal received 100 mg./kg. of V. The second set 
was given 200 mg./kg. The other three sets were given 400 and 800 
mg./kg. and the buffer solution, respectively. 


Anticonvulsant Activity Tests-The EDso anticonvulsant activity 
test is basically an electroshock test' where a supramaximal current 
of 20 ma. is applied across the ears of a mouse for 0.2 sec. to induce 
convulsion. Forty mice were separated into four sets of 10. Each 
mouse was submitted to the electroshock and any insensitive mice 
were discarded. All of the mice required severe resuscitation after 
the current was disconnected. The first set of mice was then given 
50 mg./kg. i.p. of V, the second set 100 mg./kg., and the third set 


PH 


Figure 1-bg k h  versus pHprofile for the closure of f l a t  37" ( p  = 
1 .O, with potassium chloride). 


4 From A. R. Schmidt of Wisconsin. 
'Similar to that used as an undergraduate assignment in the Uni- 


versity of Kansas Pharmacology Department. 
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Figure 2-Log kobr versus p H  profile for the closure of IV ar 37" 
( p  = 1.0, with potassium chloride). 


150 mg./kg. The fourth set of mice was given 25 mg./kg. of 111. 
After the injection the mice were returned to tbeir cages for 1 hr. 
After this 1 hr., each mouse was again submitted to the electroshock 
test to observe if any  protection against electroshock had resulted 
from the iqjections. 


PH 


RESULTS AND DISCUSSION 


cbernistry of Cyclizption of 11, XU, IV, and V to Tbslr Respective 
Hydantdns under Neutral to Bask Aqucolls Coadlnolls--In the pH 
range studied, 7.43-10.80, and at  temperatures of 25 and 37", all 


\ /  
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/ \  


0 0 
I + I 
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H I  I t  
0 CH, 
Ix 


a C H ,  
I 


" H C - N  
Y I  
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X 


hydantoin 


Scheme I1 







TPMe V-mect of Varying Borate Buffer Concentration on 
Cyclizationo of I1 at 25", pH 9.0 (r = 1.0) 


Borate Concentration, 
M kok ,  min.-' 


0.017 1.47 X 10-1 
0.029 1.48 x lo-' 
0.050 1.50 x lo-' 
0.100 1.46 x lo-' 


Average 1 . 4 X  1 0 - 1  


0 ka for the cyclization of I1 at 25" from the average value of kob at 
pH 9.0 is equal to 1.48 X 10' M-1 mk-1. 


four esters cyclized uia fitst-order kinetics to their respective hy- 
daptoins with the general reaction shown in Scheme 11. All reactions 
were irreversible and complete, as evidenced by spectral compari- 
sons. TLC, and near quantitative recovery of the hydantoins from 
boiling water solutions of the esters. 


Plots of log k.b wrsus pH for the cyclization of the four esters 
are shown in Figs. 1-4. For the simple esters, I1 and IV, plots of 
log kob. wrsus pH (Figs. 1 and 2) gave straight lines whose slopes8 
were approximately one (0.98 and 0.96, respectively), suggesting 
that the reaction was first-order dependent on hydroxyl ions. For 
the amino esters, V and 111, the plots (Figs. 3 and 4)  were predictably 
nonlinear over part of the pH range studied but did approach 
linearity at the limits of the plots. 
The rates of cyclization of all four esters were found to be buffer 


concentration independent at constant ionic strength (Tables IV 
and V), which, along with the log kob  wrsus pH plots, suggest that 
like the esters of o-ureidobenzoic acid (6), the closures to the cyclic 
hydantoins are specilk base catalyzed. 
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PH 


Figure &Log kd. versus pH profile for the closure of V at 25" 
(O)and37" (A) ( p  = 1.0, withpotassium chloride). 


Calculated by standard least-squares techniques, Olivetti Pro- 
gramma. 
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F i g ~ e  &Log kob versus pH profile for the closure of I l l  a1 25' 
(O)and37"(A)(p = 1.0, withpotassium chloride). 


The results presented in Figs. 1-4 and Tables IV and V could be 
rationalized in terms of the general mechanistic Scheme 11, where 
RI = alkyl or -GH~N(GH&, and kl' and kt' are the spontaneous 
rate constants for the hydrolytic decomposition of X and XI. 
The ionizations described by Kl and KZ are due to the microscopic 


ionization of the ureido group (-NHCONHCHa) to the ureido 
anion (-NHCON-CH*). Both KO and KI are due to the dissocia- 
tion of the protonated amino group which can exist only for the 
amino esters; i.e., Scheme I1 is complete for the amino esters but 
the terms IX, X, 4, Ka, and KO are all eliminated from Scheme I1 
for the simple esters. If these terms are eliminated, then the rate of 
formation of the hydantoin, d[pl/dt, from the simple esters may be 
expressed as: 


= k,' [XI] dt (Eq. l a )  


kr'Ki [ I ~ o H -  (a. Ib) 
= k,aori-[Il (Eq. lc)  


where kr = kr'Kt. 
The total ester concentration is s ester]^ = [I] + [XI], but since 


KI represents the ionization constant of the ureido group to the 
ureido anion and this constant is considered to be smaller than 


(a), the term [XI] is negligible when compared to [I]. There- 
fore: 


or : 


k o b  = ktaoH- (Eq. 2) 
Since KI was not determinable, the results will be expressed in 
terms of kt. The aOH - and m + used later refer to the activity of hy- 
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Table VI--Second-Order Rate Constants and Ionization 
Constants for the Cyclization of Esters 11-V to Their Respective 
Hydantoins at 25 and 37" in Aqueous Solution ( p  = 1.0) 


Tempera- kl, X lo-' k,, X lW4 
Ester ture (M-1 min.-1) (M-1 min.-l) pKa 


- 
- - 1.48 


- 2.00 
I1 25" 


- 0.86 
37 O 


- 1.52 
1v 25 O 


37 
I11 25 ' 10.5 1.10 9.20 


37 O 17.3 1.93 8.65 
V 25 3.82 0.64 9.25 


37 ' 6.70 1.01 8.75 


- 
- 


droxyl ion and hydrogen ion, respectively, which were calculated 
from pH measurements. Equation 2b predicts that a plot of log 
kob. cersus pH will be linear with a positive slope of unity, which is 
consistent with the present findings. 


For the amino esters (Ill and V), the rate equation was more com- 
plex : 


The total ester concentration is: 


[esterl~ = [IXI + [I1 + [XI + [XI1 (Eq. 4) 
Since Kl and Kz represent the ionization constants of the ureido 
group (substituted urea) and are considered to be smaller than 
10-l' (6), the terms [XI and [XI] are negligible compared to [IX] 
and [I]. The fraction of ester present as [IX], expressed as 8, there- 
fore, can be defined as: 


kdBS = klaoH-8 + k m t i i l  - 8) (Eq. w 
where k ,  = kl'Kl, and kr = kr'K2. 


Since K, and KC could not be determined, the results will be ex- 
pressed in terms of k, and kl. Equation 5c predicts that plots of log 
kobs wrsus pH for the amino esters will be complex and nonlinear 
in the pH range where 8 does not approximately equal zero or one. 
The plot resulting from such an equation has been adequately de- 
scribed (14) and will not be discussed here. 


The rate and equilibrium constants consistent with the experi- 
mental results are shown in Table VI. Variation of pKw with tem- 
perature was taken into account in the calculation of the rate and 
equilibrium constants. The solid lines drawn in Figs. 1-4 have been 
calculated by substituting the rate and equilibrium constants shown 
in Table VI into Eqs. 2b and 5c. 


The rate constant kl  has been defined by Scheme 11 and Eq. 5c 
as the second-order basecatalyzed rate constant for the attack of 
the ureido group on the protonated amino ester. However, its 
kinetic equivalent, the spontaneous attack of the neutral ureido 
group on the free base form of the ester, cannot be fully discounted. 


In summary, the cyclization of esters of hydantoic acid in neutral 
to alkaline solution appears to be a specific basecatalyzed intra- 
molecular closure, with the ratedetermining transition state in- 
volving the attack of the ureido anion at  the ester carbonyl group. 


H 
I 


XII 


Table VII-Half-Lives for Closure of Esters of Hydantoic 
Acids to Their Hydantoins 


Ester w2, rnin.O t1/, m i n . ' * e  


I1 57.3 4680 
IV 73.0 8170 
111 6.8 600 
V 16.9 1710 


Q H 7.4 and 37'. b pH 6.0 and 
Tabfes 1V and V. 


Estimated from Pigs. 3 and 4 and 


It appears that the diethylamino moiety helped increase the ester's 
rate of closure at p H s  below the pKa of the amino group. For ex- 
ample, kIIl/klI at pH 7.40 and 37" is 8.5. This increased rate of 
closure over the simple esters and the free base form of the amino 
esters may be due to electrostatic stabilization of the negatively 
charged reaction center (see XII), although the possibility of intra- 
molecular general acid catalysis cannot be discounted. The transi- 
tion states for the esters where -GH,N+(-H)(GH& is replaced 
by a simple alkyl group or --(%hN(m6h would be the same as 
XII. except that no electrostatic stabilization of the negative reaction 
center would be possible. 


Hegarty and Bruice (6) recently demonstrated the intramolecular 
nucleophilicity of the ureido group. They showed a rate acceleration 
of 1.5 X I@-fold for the attack of the ureido group in the intra- 
molecular cyclization of the methyl ester of o-ureidobenzoic acid 
to that of its intermolecular equivalent. The results and conclusion 
presented here are in perfect accordance with their findings. 


Table VII shows the half-lives for the conversion of the four 
esters to their hydantoin at pH 7.4 and 37", suggesting that a t  least 
under in v i m  conditions the esters are quickly converted to their 
hydantoin, while a t  pH 6.0 and 25" the conversion is quite slow. 
This means that the esters could be used in a reconstitutable in- 
jection if they are water soluble. The solubility of the esters will be 
discussed later. 


Because the derivatives appeared promising, a test was run to 
observe the effect of an esterase enzyme on the product and rate of 
cyclization of one of the esters, 111. Horse serum cholinesterase6 at a 
concentration of 2 mg./ml. in buffer solution did not affect the hy- 
drolytic intramolecular closure of the ester. The ti/, values a t  pH 
7.43 and 23.6" with and without enzyme were 31.1 and 31.9 min., 
respectively. The products of the two reactions, i.e., with and 
without enzyme, gave the same final UV spectrum corresponding 
to  3-methyl-5,5diphenyIhydantoin. Of particular importance was 
the enzyme's inability to cleave the ester linkage before the intra- 
molecular reaction was able to take place. The product of such a 


Table VIII-Results of LDv, Study of V4 


100 0 All mice acted quite normal with 
no observable toxic effects over 4 hr. 


200 0 Slightly sedated and ataxic over 4 hr. 
but no critical effects. 


400 0 After 1 hr.. the mice were very 
ataxic and it did appear that a few 
of them may die. Their breathing 
appeared normal, but there was 
kicking of the hindlegs. After 4 hr., 
all the mice had recovered and 
appeared normal. 


They became very ataxic, with in- 
creased breathing rate and kicking 
of the endlegs, indicative of 
convulsions. 


800 100 AU mice died within 10-15 min. 


Buffer 0 All mice appeared quite normal. 
solution 
(no drug) 


Q The mice given 111 in the ED60 experiment at a dose of 25 m ./kg. 
appeared quite normal over a 3-hr. range with no obvious toxic eiects. 
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Table IX-Effect of V and 111 on Protection of Mice against 
Electroshock (an EDSO Study) 


~~ 


v, 100 v, 150 
Number V, 50 mg./kg. mg./kg. w./kg. 111, 25 mg./kg. 


- +’ 1 
2 -++ 3 
4 


+” 5 
6 + 7 
8 
9 + 


10 -+ 


- 0  


- 
- 
- 


+ + + + + + + + 
+ - 


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


- 
- 
- - 


_ _ _ ~  


0 Key: -, no protection; +, full rotection; and - +. borderlie; 
ix. ,  mice actually extended their hmdks, but there was a very definite 
lag time before this actually occurred. 


reaction would have been the hydantoic acid, and the hydantoic 
acid under in oitm physiological conditions is closed very slowly to 
the hydantoin (15). 


SolabiKty studies-The order of solubility of the esters in chloro- 
form-carbon tetrachloride (1 : 3 v/v) on a molar basis compared to 
the hydantoins was found to be amino ester (in the free base 
form) > parent hydantoin > simple ester. A study of the partition- 
ing between chloroform-carbon tetrachloride (1 : 3 v/v) and 0.1 M 
phosphate buffer (pH 6.0) showed that very little of the hydantoin 
and thesimple ester passed into the aqueous layer from the organic 
layer in which they were dissolved. whereas virtually all the amino 
ester did pass into the aqueous layer presumably in the protonated 
form. The aqueous solubility of V and 111 in 0.1 M phosphate 
buffer (pH 6.0) was estimated at 2 and 1 w/v, respectively. An 
accurate estimate could not be made because of the fast cyclization 
of the esters to the hydantoins. It appears, therefore, that the di- 
ethylamino moiety not only helped increase the esters’ rate of closure 
under in oitro physiological conditions but also helped increase the 
aqueous solubility of the esters below their pKa. 
Toxidty and Activity Studies-A problem that may arise when 


attempting chemical modification of a drug is that the derivative it- 
self may possess increased toxicity or have a pharmacological effect 
of its own. The fi-N’,N’diethylaminothyl moiety is found in a 
diverse group of compounds: local anesthetics, cholinergic drugs, 
antiasthmatics, and tranquilizers. 


Table VIII shows the results of LDso determinations on mice cia 
intraperitoneal injections of V dissolved in 0.1 M phosphate buffer 
(pH 5.9). Table I X  shows the results of an anticonvulsant activity 
EDOo determination on mice via intraperitoneal injections of V dis- 
solved in the same buffer used for the LDSo determination. The re- 
sults of one run using 111 at a concentration of 25 mg./kg. is also 
given. 
The results displayed in Tables VIII and IX suggest that the EDm 


of V against electroshock in mice after intraperitoneal injection 
is approximately 60 mg./kg. and its LDSO is between 400 and 800 
mg./kg. For I11 an EDSO and LDSO could not be estimated; but at 
25 mg./kg.. 16% protection was observed. In the ED60 experiments 
with doses that gave only slight or no protection, the animals after 
convulsion did not require any resuscitation, whereas the mice not 
given the drug had to be revived for breathing to begin. This sug- 
gests that even at low doses the drugs were having an effect. Ef- 
forts to compare solutions of V and 111 with the parent hydantoins 
were not successfd, because the hydantoins were not soluble in the 
buffer of pH 5.9. Suspensions of the hydantoin given intraperi- 
toneally through a wide bore needle and tested for anticonvulsant 
activity after 1 hr. offered no protection, i.e., the lack of protection 
against electroshock was probably due to the method of administra- 
tion. 


SUMMARY 


The results of the present study showed that esters of hydantoic 
acids may be of use as prodrugs for the respective hydantoin. The 


fl-N‘,N‘-diethylaminothyl esters in particular showed superior 
physical properties to those of the parent hydantoin. Their cyclim- 
tion rates, half-lives of under 20 min., under physiological condi- 
tions were unaffected by an esterase enzyme, and a preliminary 
animal study showed interesting and encouraging results. The amino 
esters may be of use as components of a reconstitutable injection, 
because their rate of cyclization and aqueous solubility at physi- 
ological pH would not lead to the precipitatiop in the bloodstream 
that was seen with the sodium hydantoin. Similarly, because solu- 
tions can be maintained at around neutral pH, the solution would 
be more compatible in intravenous infusions with other possible 
components of the infusion. 


Normally, prodrugs formed through the formation of an ester 
linkage require enzyme mediation to regenerate the parent drug. 
Intramolecular nucleophilic ureido participation at an ester linkage 
has been shown to give a rate acceleration of 101-fold over the 
intermolecular equivalent. If the product of the intramolecular re- 
action happens to be the parent drug, then the acylic ester is a 
chemical modification whose closure rate is independent of the 
need of enzymatic mediation. In the present study, an ionizable 
group bas been built into the alcohol portion of a hydantoic acid 
ester, giving it increased aqueous solubility and an increased rate 
of closure under physiological conditions. These desirable proper- 
ties make V and 111 possible candidates as prodrugs of their re- 
spective hydantoin. 
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Hydrolytic Behavior of N-Acyl Phthalimides 


V. STELLA* and T. HIGUCHI' 


Abstract 0 The hydrolysis of N-acyl phthalimides was studied to 
determine the effect of the N-acyl moiety on the hydrolytic rate and 
hydrolytic products, i.e., whether hydrolysis leads to the regenera- 
tion of the parent phthalimide or to formation of the corresponding 
N-acyl phthalamic acid, A series of N-acyl phthalimides was pre- 
pared and their hydrolysis was observed in the neutral to alkaline 
pH range at 25". It was found that N-acetyl-, N-propionyl-, N- 
(ethoxycarbony1)-, and N-(morpholinocarbonyl)phthalimides gave 
their corresponding N-acyl phthalamic acid as their major hydro- 
lytic product while N-chloroacetyl- and N-bromoacetylphthalimides 
gave phthalamide and the corresponding carboxylic acid. The 
change in path depending on the N-acyl group was rationalized in 
terms of the susceptibility of the appropriate carbonyls to attack. 


Keyphrases 0 N-Acyl phthalimides-hydrolysis, effect of N-acyl 
moiety on rate and formation of phthalimide parent or N-acyl 
phthalamic acid 0 Phthalimides, N-acyl-hydrolysis, effect of N- 
acyl moiety on rate and formation of phthalimide parent or N-acyl 
phthalamic acid 0 Hydrolysis of N-acyl phthalimides-effect of N- 
acyl moiety on rate and phthalimide or phthalamic acid products 0 
Imides (phthalimidest-formation by hydrolysis of N-acyl phthal- 
imides 


Imides form a group of compounds which have found 
wide use in the pharmaceutical and chemical industries. 
The major pharmaceuticals having the imide function- 
ality within their structural formulas are glutethimide 
and thalidomide (sedatives), ethosuximide and phen- 
suximide (anticonvulsants), bemegride (barbiturate 
antagonist), and a number of antibiotic, antiviral, and 
carcinostatic agents (1). 


The present study was concerned with the hydrolysis 
of N-acyl phthalimides (I) and the possible use of acyl- 
imides as prodrugs of imides. The aim of the work was 
to observe the effect of the N-acyl moiety on the hy- 
drolytic rate and hydrolytic products of N-acyl phthali- 
mides, i.e., whether hydrolysis leads to the regeneration 
of the imide or to formation of the corresponding N-  
acyl phthalamic acid. If N-acyl imides are to be con- 
sidered for prodrugs of imides, they must regenerate the 
imide on hydrolysis. 


The solvolysis and aminolysis of N-acyl cyclic imides 
under various conditions were the subjects of a limited 
number of studies (2-9), most of which were intended as 
observations of the acylating power of the acylated 
imides; however, no quantitative kinetic data were pre- 
sented. There also appears to be some confusion as to 
the mechanism of reaction because the products vary 
depending on the nucleophile, solvent, and temperature 
of reaction. 


0 
I 


R = alkyl, alkoxy, or amino 


EXPERIMENTAL 
Equipment-A recording spectrophotometer', with a thermo- 


stated cell compartment maintained at 25 f 0.1 O, was used for all 
kinetic and product measurements. NMR spectra were obtained 
using spectrometers' with all spectra run in CDCla. 1R s ~ t r e  
were acquired using an IR spectrometer'. All pH measurements 
were obtained on a research pH meter' at 25", standardized with 
standard phosphate and borate buffers. 


Reagents and Materials-Dioxane and phthalimide were purified 
according to the method of Pemn et al. (10). All other chemicals 
were of analytical or reagent grade and were used without further 
purification. A TLC sorbent6 was used. N-Ethoxycarbonylphthal- 
imide (11) was obtained commercially@, and all other phthalimide 
derivatives studied were synthesized. 


Synthesis of N-Acetylphthalimide (UI)-Five grams (0.034 mole) 
of phthalimide was dissolved in 25 g. (0.250 mole) of acetic anhy- 
dride. The solution was refluxed for 2 hr. and then fractionally dis- 
tilled (30cm. vigreux column). The first distillate was collected at  
123" (acetic acid plus acetic anhydride), and the reaction was termi- 
nated when the distillate temperature rose to 138". The residue was 
then taken up in toluene, hot filtered through charcoal, and, on 
cooling, diluted with 50 ml. of ether. The resulting white precipitate 
was recrystallized three times from the toluen-ther mixture to give 
a solid of m.p. 136-137" [lit. (11) m.p. 135-136"]. NMR showed a 
symmetrical AzBz pattern at 7.92 and 7.986 (four protons) and a 
singlet at 2.696 (three protons), confirming N-acylation. The IR 
spectrum gave a large peak area between 1800 and 1600 and 
the U V  spectrum gave peaks at 270 and 295 nm. 


Syntheds of N-Propionylphthallmide (IV)-This was prepared in a 
similar manner t o  N-acetylphthalimide, except that propionic 
anhydride was used in place of acetic anhydride. A product of 
m.p. 153-155" was obtained [lit. (12) m.p. 143-144"]. NMR showed 
a symmetrical ArBa pattern at 7.92 and 7.966 (four protons), a triplet 
at 1.296 (three. protons), and a quartet at 3.106 (two protons), con- 
firming N-acylation. The IR spectrum gave a large peak area between 
1800and 1600 cm.-1, and the U V  spectrum gave peaks at  270 and 
295 nm. 


Synthesis of N-ChloroacetylphtNde (V)-To a solution of 
10 g. (0.059 mole) of chloroacetic acid was added 6.1 g. (0.059 mole) 
of dicyclohexylcarbodiimide in 120 ml. of tetrahydrofuran. After 
standing for 4 hr., the urea was filtered off, leaving a solution of the 
anhydride of approximately 10% (w/v). Two grams of potassium 
phthalimide was added to 20 ml. of the solution, and the suspen- 
sion was refluxed for 5 hr. with stirring. The solution was filtered 
and evaporated t o  10 ml., and the precipitate was collected. After 
three recrystallizations from tetrahydrofuran, a white compound 
was collected, m.p. 177-179" [tit. (13) m.p. 179-180"]. NMRshowed 
a symmetrical A& pattern at 7.92 and 7.986 (four protons) and 
a singlet a t  4.706 (two protons), confirming N-acylation. 


Synthesis of N-Bromoacetylphtbalimide (VI)-The synthesis was 
identical to that of V, except that bromoacetic acid was used in the 
initial step. A product of m.p. 153-155' was obtained. 


AnaL-Calc. for CoHloBrNOi: C, 44.94; H, 2.27; N. 5.24. Found: 
C, 45.24; H, 2.49; N, 5.37. 


NMR showed a symmetrical AtBa pattern at 7.92 and 7.986 
(four protons) and a singlet a t  4.606 (two protons), confirming 
N-acylation. 


Synthesis of N-(Morpholhmrbonyl)phth.umide (VI&-This 
compound was synthesized according to the method of Grigat (14). 
except that the starting material was N-(ethoxycarbonyl)phthali- 
mide instead of N-(phenoxycarbonyl)phthalimide. The product 
showed m.p. 204-205" @it. (14) m.p. 207-208"]. NMR showed a sym- 


1 Cary 14. * Varian T60 or A-60A. 
8 Perkin-Elmer 700. 
Corning model 12. 
Silicar, TLC-7G1, Mallinckrodt Chemical Works, St. Louis, Mo. 


6 Aldrich Chemical Co., Milwaukee, Wis. 
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Taw I-Delivery Volume as a Function of Ressure 
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Total Volume 
Rate, ---Delivered, ml.- 


ml./ .s.i. 1400 2100 2809 
Liquid ( 1 8 8 )  p.s.i. p s i .  ps.1. 


Calcium carbonate, 5 %  6 . 7  10 14.7 19 
syrup USP 7 .1  10 15 20 
water 6 . 8  12 16.8 21.5 
Alcohol USP 7 .1  13 18 23 


EXPERIMENTAL 


Materials and Equipment-The Liquids used in this study were: 
distilled water; syrup USP; shellac, 2.7 kg. (6 Ib.) cut; 5 ,  15, and 
35% (w/v) aqueous suspensions of calcium carbonate; and a 2% 
(w/v) solution of methyldlulose1,5OOcps. 


The equipment utilized to  evaluate the factors involved in an 
automated tablet-coating system was a self-programming auto- 
mated tablet-coating system with two automatic spray guns’ as 
previously described (4). 


Fluid Delivery Studies-Fluid delivery experiments were con- 
ducted to  ascertain the influence of pressure, spray tip orifice size, 
and type of Liquid on the volume of spray delivered. 
The volume of fluid delivery in milliliters was determined from 


I400  to  2800 p.s.i. nozzle pressure in 140 p.s.i. pressure increments. 
The tip o r i k e  sizes varied from 0.023 cm. (0.009 in.) to 0.053 cm. 
(0.021 in.) in diameter. All experiments were conducted in an air 
conditioned room at approximately 25” and 3040% relative hu- 
midity. 


Threesecond fluid spray delivery cycles were used, and five 
replicate samples of each liquid under study were collected, a t  each 
pressure and nozzle tip size, in a 1Wml. graduated cylinder; the 
resulting volumes were recorded. 


Spray Pattern Charncterlstlg-Spray patterns were determined 
for the liquids studied, each containing 1 (w/v) F D & C  Red No. 2 
dye for contrast. The spray from the activated gun of the automated 
tabletcoating system WBS directed at  a specially designed target 
which consisted of a 61-cm. square pane of glass with five concen- 
tric circles painted 10 cm. apart. The tip of the spray gun was posi- 
tioned 30 cm. from the glass surface and at the center point of the 
target. The spray cycle was set for a 0.25-sec. solution delivery. 
The patterns were subsequently observed a t  IW, IW, and 2800- 
p.s.1. nozzle pressure (the lower, middle, and upper pressure range, 
respectively) for all tip sizes ranging from 0.023 cm. (0.009 in.) to  
0.053 cm. (0.021 in.) in oriftce diameter. After each spray, the pattern 
dimensions were taken and pattern uniformity was noted. 
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Figure S C h u n g e  in delivery with respect to change in rip orifice 
size using warer. 


Method MC, Dow Chemical Co., Midland, Mich. 
Graco Hydro-Spray Unit. Gray Co.. Minneapolls. Minn. 


Figure 4-Fluid delioery curoes, 3-sec. cycle. 


RESULTS AND DISCUSSION 


Fluid Delivery-The pressure-volume curves in Fig. I ,  con- 
structed from fluid delivery data obtained with a 0.023-cm. (0.009- 
in.) spray tip and a 3-sec. delivery, show that the change in fluid 
volume delivered as a function of pressure was constant. The curves 
are representative of some of the liquids studied, and each shows 
excellent linearity. The rate of change of delivery (Table I) for the 
liquids represented in Fig. 1 was essentially the same. 


A 3-4-ml. diKerence in total volume delivered at  each pressure 
increment was found between the Four liquids studied. These small 
volume differences d o  not appear to  be significant, but the data show 
a trend toward a decrease in volume delivered with a n  increase in 
fluid viscosity and solids content when comparing syrup and calcium 
carbonate with water and alcohol. A significant difference would be 
expected at  a much lower or a t  atmospheric pressure. The data, 
therefore, indicate that fluid volume delivery is essentially inde- 
pendent of the physical properties of the fluid at very high pressures. 


Fluid delivery curves for the t h r e  calcium carbonate suspensions, 
which varied from a “watery” to an “ointment-like” consistency 
(Fig. 2)*, are in essence identical and confirm that the elevated 
pressures used in the study obliterated the effects of the physical 
properties of the fluids delivered. 


In Fig. 3, the volume of water delivered in 3 sec. wrsus tip orifice 
diameter shows a good linear relationship within the range of 
0.030 cm. (0.012 in.)-O.053 cm. (0.021 in.). This finding is unusual 
because one would expect an orificevolume relationship based on 


FIgure S - S ~ M Y  potterns with wuter. Left: 0.023-cm. (0.009-in.) 
tip size and 30 X 9-cm. pattern size. Right: 0.053-cm. (0.021-in.) tip 
size and 40 X 30-cm. pattern size. 


Data points for Fig. 2 were omitted for the purpose of clarity. 
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Figure 1-Plot of log kd, versus pH for hydrolysis of N-acyl phthal- 
imides. Key: 0, R = N( CH&; 0, R - morphdino;A. R - C&; 
0, R - CJlsO; *, R = CHa; e. R - C H d r ;  and A, R = CHICI. 
(For definition of R, see Scheme I . )  (.Unpublished data, T. Higuchi 
and F. Kamerani.) 


(b)  help disperse any negative charge built up on the nitrogen in the 
transition state. 


Similarly, for the reactions that took place at the N-acyl carbonyl, 
the rates were found to be+ proportional to the electron-withdrawing 
power of R, again refemng to R in Scheme I. 


Efkcts of R 011 Reaction Path-If the rates for the attack of 
base at the phthalimide carbonyls are to be compared to those at 
the N-acyl carbonyl, it is important to consider that there are two 
phthalimide carbonyls as compared to one N-acyl carbonyl. Sta- 
tistical considerations, therefore, predict that more of the N-acyl 
phthalamic acid would be formed than phthalimide. 


Which path (Path I or II) provides the better leaving group could 
be a matter for fuither discussion. However, for the task at hand, 
the route of reaction can be explained on the basis of the suscepti- 
bility of the various carbonyl groups to attack by a nucleophile. A 
close look at the compounds that hydrolyzed v& Path I revealed a 
common property. The R group for each of the compounds was 
electron donating to the N-acyl carbonyl; i.e., dimethylamino and 
morpholino can donate electrons to the N-acyl carbonyl by reso- 
nance because the amine group possesses a free pair of electrons. 
Where R is a methyl or an ethyl group, electrons are donated to 
the N-acyl carbonyl by induction. If R is an ethoxy group, a carba- 
mate linkage results. The specific interactions of the R group with 
the N-acyl carbonyl actually change the character of the reaction 
centers, making the comparison of attack at the phthalimide car- 
bonyls to the N-acyl carbonyl dillicult. All these R groups deactivate 
the N-acyl carbonyl while, at the same time, as the.N-acyl group 
(RCO), they activate the phthalimide carbonyls by being electron 
withdrawing at those carbonyls. 


Phthalimide-acyl cleavage occurs only if the N-acyl carbonyl is 
sufiiently activated by electron-withdrawing R groups, such as 
-CH& and -CHKI ,  so it can compete with attack at the phthal- 
imide carbonyls. Thus, the product of reaction appears to be deter- 
mined by susceptibility of the appropriate carbonyl to attack. The 
slightest activation of the N-acyl carbonyl, even by the phenoxy- 
methylene R group (9). has been shown to lead to reaction at the N- 
acyl carbonyl. The idea that the carbonyl activation is the product- 
determining factor in the hydrolysis of N-acyl phthalimides may be 
best explained in terms of free energy of activation. Electron-with- 
drawing N-acyl groups lower the free energy of activation for Path I. 
Proportiorlally, however, there may be greater effect on the free 
energy of activation for Path I1 by the changes in R; i.e., for VII, 
AG*p.th 11 >>> AG*p.tb I, whereas for 111, A@p.tt, 11 > AG*p.ta I. 
For V and VI, A@p.th I >> AG*P.th 11, thus predicting that com- 
pounds like N-(phenylacetyl)phthalimide with a poor electron- 
withdrawing R group should degrade via Paths I and 11, i.e., 
both pathways being detectable. 


In summary, chemical modification of imides through N-acylation 
requires a detailed study of the products of the in vitro hydrolysis 
because it cannot be assumed that the product will be the parent 
imide. This study has shown that N-acylated imides, when hy- 
drolyzed, can regenerate the parent imide if the N-acyl carbonyl is 
sufficiently activated to compete with possible reaction at the imide 
carbonyls. 
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Drug Permeation through Membranes 11: 
Simultaneous Dissolution and Permeation of Drug from 
Solid Dosage Forms 


EDWARD C. LOVERING' and KEN B. McRAE 


Abslmct 0 The shdtaneous dissolution and penneation of a drug 
from solid oral dosage forms wece analyzed by a treatment based 
on Fick's second law of diffusion. The analysis shows that dissolu- 
tion rate constants can be obtained from the permeation lag time. 
while the coefficients of permeability are estimated, as usual, from 
the rate of drug transfer across the membrane under steady-state 
conditions. Drug-excipient interactions, if any, would be expected 
to affect the rate of drug transfer across the membrane. Therefore. 
from a single experiment, the dissolution rate and the extent of 
drug-excipient interaction can be obtained. The equation was 
tested by dissolution-permeation measurements on two amobar- 
bital formulations. 


Keyphn~es  0 Drug permeation-membrams, amobarbital, anal- 
ysis of dissolution and permeation from solid oral dosage forms, 
application of Fick's second law of diffusion, relevance to drug- 
ucfipient interactions, equations 0 Drug-excipient interactions- 
application of Fick's second law of diffusion to determine both 
dissolution and membrane permeation, amobarbital from a solid 
oral dosage form, equations IJ Dissolution-membrane permeability 
data-generated by application of Fick's second law of diffusion, 
relevance to drug-excipient interactions, amobarbital from solid 
oral dosage form, equations 0 Permeation, membrane-used to 
evaluate drug-excipient interactions and drug dissolution by a p  
plication of Fick's second law of diffusion, amobarbital from a 
solid oral dosage form 0 Membrane permeation-dissolution data- 
generated by application of Fick's second law of diffusion, rele- 
vance to drug-excipient interactions, amobarbital from a solid oral 
dosage form, equations 


It is now well recognized that the in oioo dissolution 
characteristics of drug formulations may have a pro- 
nounced effect on their bioavailability. Because in oioo 
dissolution rates are difficult to measure directly, at- 
tempts to assess this aspect of drug quality are com- 
monly made from in oitro dissolution rate data. Dis- 
solution specifications in oitro have been promulgated 
for a number of drugs (1, 2), and attempts to correlate 
these with bioavailability have met with varying degrees 
of success (3-5). 


In addition to in oioo dissolution, bioavailability 
depends upon transfer of the drug across the GI 
membrane. For typical oil-soluble drugs, the transfer 
rate depends upon the concentration of free, unionized 
drug in the GI tract. The concentration may be ad- 
versely affected by adsorption, absorption, reprecipita- 
tion, partitioning into bile micelles or fat particles, or 
any other factor that reduces the concentration of free 
drug (6). Substances having an adverse effect on absorp- 
tion rates m'ay be endogenous to the GI tract or may be 
introduced as nutrients or tablet excipients. In oitro 
assessment of the latter can be made by comparing the 
permeation rate of unformulated drug to that of drug 
released from formulations dissolved, or dispersed, in an 
appropriate buffer. Drug-excipient interactions may 


account for the low bioavailabilities observed in some 
formulations. 


This paper describes a method for the simultaneous 
determination of the dissolution rate constant of drug in 
a formulation and the permeability coefficient of the 
drug in that formulation. 


THMlREIlCAL 


Tbe experiment involves dissolution of drug from a solid dosage 
form, followed by drug transfer across the membrane of a permea- 
tion cell mounted in the dissolution vessel. The term permeation 
refers to transfer of drug from the aqueous solution in which it 
dissolves, across the membrane, and into the aqueous solution 
within the permeation cell, while diffusion refers to movement of 
drug molecules within the cell membrane. 


Movement of drug within a homogeneous membrane can be de- 
scribed by Fick's second law of diffusion: 


where C is umcentration of drug within the membrane, t is time, D 
is the diffusion coefficient, and x is the space coordinate normal to 
the surface of the membrane (7). For a membrane of thickness I, x 
lies between zeto and 1. On the absorbing side of the membrane, 
where x = 0, the concentration of drug is time dependent and given 
by ; 


c. = C,rGtt) (Eq. 2) 


where CO* is the drug concentration in the membrane at x = 0 when 
the dosage form has completely dissolved, and G(r) is a particular 
driving function with range [0, 11. The drug concentration is zero 
when time is zero. On the desorbing side, where x = I, the drug 
concentration is maintained at zero by buffering the desorbing solu- 
tion at an appropriate pH. These considerations lead to the follow- 
ing boundary conditions : 


C(1,t) - 0 (Eq. 3) 


P ( X , O )  = 0 (Eq. 4) 


c.(O,t) = CO*G(t) (a. 9 
Solution of Eq. 1 for C* as a function of x and t is given in 


Appendix 1. The rate at which drug diffuses across the plane of the 
membrane at x = I is given by: 


so that, for a membrane of unit area, the quantity of drug 
crossing the plane during the time interval from 0 to t is: 


q =  - D L ' ( F )  =-1 dt (Eq. 7) 


The particular driving function, a t )  = (1 - e-J), was chosen to 
represent the rate of drug dissolution from a solid dosage form. It 
probably represents actual dissolution behavior as well as any 
other function and it is convenient to handle mathematically. The 
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Table I-Experimentdly Determined Dissolution and 
pameability Coefi[icients of Amobarbital Formulations 
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Figure I-Plots of theoretical q versus t for various half-times of 
d idu t ion .  Key: -, ti/, = 0 min.; - - -, ti/, = 16.6 min.; -.-. , 
ti/, = 30 min.; P = cm.' sec.-l. C* = 1 0 - 6  m d e  cm.-', and 
1 - 2.54 X lWJ cm. 


constant I is characteristic of a given dosage form and is a measure 
of the rate at which it dissolves. Solution of Eq. 1 for this particular 
case is given in Appendix 11. Differentiation with respect to x at 
x - 1 and integration over time lead to: 


Dt 1 D e-ul - - - - -  


provided that (llr) dG # n = 1, 2, 3 . . . . 
If the limit of q in Eq. 8 is taken as t becomes large, then: 


where A is the surface area of the membrane. To apply Eq. 9 to 
permeation, it is necessary to replace DCO* by PCO. where P is the 
permeation coefficient and CO is the concentration of drug in solu- 
tion when dissolution is complete. Thus, the partition coefficient, 


2 4 6 8 10 12 14 16 
TIME, rec. X 10-8 


Figme 2-Experimental points and fitted theoretical curw of q versus 
t for amobarbital Formulation B. The curoe was calculated for C* 9 


2.90 X 1 V  m d e  cm.-', P = 8.2 X lo-' cm.s/sec.-L, 1 = 0.014 
Em., a n d x  5 3.11 X I&' sec.-I. P and I[ were calculated from the 
steady-state portion of the curw. 


Permeability 
Codhent,  Dissolution Dissolution 


Tabkt LagTime, P,cm.*  constant,^, Half-Time, 
NW~WX t*, SCC. SCC.-~ x iw =.-I x 104 t l /a,  min. 


1 1450 
2 1180 
3 990 


1080 4 
5 
6 


- 
- 


1 4608 
2 4480 - 
3 5% 
4 3610 - 


- 5 
6 
7 - 


8.99 9.2 . .- 


8.42 12.7 
7.84 17.4 
7.84 15.1 
- - 


FormulaU~m B 
7.42 2.40 
7.74 2.46 
8.35 2.04 
8.23 3.11 - - 
- - - - 


12 
9 
7 


9. 
9. 


48 
47 
56 
37 
20. 
65. 


a 


8 2  


Diesolution half-times determined by direct measurement. 


Kp, is Ca*/Ce. This substitution assumes that the concentration of 
drug in the membrane at x - 0 is proportional to the concentration 
of drug in solution. The term P includes diffusion of the drug across 
the aqueous boundary layer in contact with the membrane. Thus: 


Equation 10 is applicable to dissolution-permeation experiments 
of sufficient duration to reach the steady state, where the plot of 
q oersus t is linear. Under these conditions: 


and : 


(Eq. 11) 


where t*, the lag time, is the value of t when q is zero. 
Before attempting to use Eqs. 8-12 to determine x and P from 


experimental measurements of q and t ,  it is important to know 
whether N and P vary significantly with changes in the experimental 
parameters. Figure 1 gives curves of q oersus t for various N'S be- 
tween 10' and 3.851 X lo-' sec.-l. corresponding to a range in 
half-times of dissolution from 0 to 30 min. Clearly, the Curves and 
lag times are well separated with the lag time increasing from 2 to 
45 min. It is, therefore, feasible to determine x by this technique. 
Plots of Eq. 8 for various values of P (not shown) demonstrate that 
while I* depends on P, the change in t* is less than a factor of 2 
when P is varied over M order of magnitude. However, highly per- 
meable membranes are preferred since the time required to carry out 
an experiment increases as P decreases. 


The sieniflcance of changes in lag time can be visualized by re- 
casting Eq. 12: 


I' 1 p = - + -  
6 0  K 


showing I* to be made up of a diffusion term and a dissolution 
term. As 1 becomes smaller, the contribution of the first term to 
t* decreases, enhancing the relative importance of ~ - 1  and facilitat- 
ing its determination. In addition, small values of 1 reduce the time 
required to reach the steady state and, hence, the overall time of the 
experiment. The d e c t  of an increase in 1 on q is to decrease the drug 
transfer rate, increase the lag time, and prolong the period re- 
quired to reach a steady state. 


EXPERIMENTAL 


Dissolution-permeation experiments were carried out in a 1-1. 
resin kettle at 37 f 1". The kettle contained a wire basket of the 
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type used in the USP dissolution procedure (1) placed near tbe rim 
of the kettle, about halfway down, and rotated at 150 r.p.m. A dif- 
fusian cell of the type described by Garrett and Chemburkar (8), 
equipped with 0.014-cm. membranes of polydimethylsiloxane, wm 
placed opposite the rotating basket. 


Dissolution-permeation experiments were &ed out on two 
tablet formulations of amobarbital, A and B. The experiment was 
started by placing 900 ml. of acetate buffer, pH 5, in the kettle and 
15 ml. of borate buffer in the diffusion cell. A tablet was put into 
the wire basket at time zero; at appropriate time intervals, the 
concentration of amobarbital in the diffusion cell was measured 
by UV spectroscopy at 240.5 nm., following the procedure already 
described (6). Tablet dissolution rates were measured directly by 
sampling the resin kettle at appropriate time intervals. These sam- 
ples were diluted with borate buffer, and the amobarbital concentra- 
tion was read spectrophotometridly. 


RESULTS AND DISCUSSION 


To measure the dissolution constant K and the permeability 
coefkient P by the method described, it is necessary for the transfer 
rate of drug across the membrane to reach the steady state. The 
steady sta te  cannot be achieved before the tablet has completely 
dissolved. The time taken to reach the steady state also increases as 
the membrane thickness increases. 


The dissolution constant K for two brands of ambarbital, A and 
B. was determined in the dissolution-permeation apparatus by two 
methods: (a) from the lag time as described in this paper, and (b) 
by measurement of the drug concentration in the dissolving medium. 


The results (Table 1) show ti/, as determined by the two methods 
to be in agreement, remembering that large intralot variations in 
tablet dissolution times are commonly observed. The permeability 
coefficients are, within experimental error, the same as those re- 
ported previously for amobarbital (6). The component of the lag 
time due to the nature of the drug and the membrane thickness, 
13/60, in Eq. 13 is about 425 sec. for this experiment. The difference 
between this quantity and t * ,  the experimentally observed lag time, 
is a reflection of the time required for the tablet to dissolve. 


Equation 8 was tested by calculating the theoretical curve of q 
Dersus r for an amobarbital tablet with a dissolution half-time of 37 
min. and plotting the experimental points of Tablet 4, Formulation 
B, on the same graph (Fig. 2). It is evident that the experimental 
results are adequately described by Eq. 8. 


In conclusion, it was possible to determine the dissolution con- 
stant and the permeability coefficient of a drug in a solid dosage 
form by a single experiment. The time required to determine K by 
this method is greater than in a single dissolution experiment, 
but additional information is gained. Comparison of P as deter- 
mined from tablet dissolution, with P for the pure drug in question, 
indicates whether or not a portion of the drug is unavailable for 
membrane transfer. Drug availability could be reduced by inter- 
action with tablet excipients. Further studies are planned to deter- 
mine if dissolution-permeation experiments are of value in moni- 
toring drug quality and whether the results can be correlated 
with human bioavailability data. 


APPENDIX I 


Suppose C*(x,t) is well defined for 0 < x < I, t > 0, so that for 
fixed x, C*(x,t) is sectionally continuous in every finite interval 
0 < t < N and of exponential order y for t > N, where N and y are 
finite numbers. Then by the method of Laplace transformations (9), 
the partial differential Eq. 1 can be transformed into the ordinary 
differential equation: 


(Eq. A l l  
P c * .  


sc*(x,s) - C*(x,O) = D - dxl 


where the Laplace transformation of C*(x,t)  is denoted by the lowex 


case function c*(x,s) = 
The Laplace transforms of boundary conditions (Eqs. 3-5) are, 


respectikely : 


defn 
e-*' C*(x,t) di. 


E(l,s) = 0 (Eq. 


C*(X,O) * 0 (Eq. A31 


cY0.s) = CO*dS) 0%. A4) 
Tbe general solution of Eq. A1 a f ta  the substitution of Eq. 4 is 
given by: 


. c*(x,s) = KI W h  G D x  + KS sinh d s m x  


Using boundary condition A2, one finds: 


KS = KI cosh ( g D l ) / s i n h  ( 4s-I) 


and: 


C*(X,S) = Kl sinb { dsml - x))/sinh ds@l 


After imposing boundary condition A4, one has: 


@(x,s) = CO*&) sinb ((I - x)f lD)/Sinh ~sDI 
The solution to the partial differential equation is given by tbe 


inverse Laplace transformation of Eq. A8 and can be found by use 
of the convolution theorem. That is: 


sin nr(/ - x)/ l  (Eq. A9) 


The. rate of transfer at x - I at time t is given by: 


- D  El 
ax cl 


so that the quantity of diffusing substance during the interval [OJ] 
is : 


APPENDIX Il 
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where the f is t  summation was executed by series 557 in Jolley (10). 
After differentiating Eq. A12 with respect to x and using summa- 


tion formula 558 in Jolley (lo), one obtains: 


Consequently, upon integration and simplifying by means of 
series 337 and 558 in Jolley (10). one obtains Eq. 8. Under experi- 
mental conditions, I, D. and K will be rational numbers while ~2 is 
irrational so that!’r/T’D # 1.49 ,  16,. . . . However, it may be suf- 
ficiently close to an integer to cause “round off” difiulties in com- 
puting the infinite sum. 
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Acute Effects of Narcotic Analgesics on 
Behavioral Arousal in the Rat 


W. MARVIN DAVIS’ and CALVIN C. BRISTER* 


Abstract 0 Locomotor activity measured by photocell actometers 
was taken as an index of behavioral arousal in rats following acute 
administration of pentamcine, morphine, methadone, levor- 
phanol, and meperidine. The intraperitoneal doses tested were 
1.25, 2.5, 5.0, 10, and 20 m g . / k g .  The low doses of morphine and 
methadone and an intermediate dose of pentazocine produced an 
early (1st hr.) increase in motility. Higher doses of these three drugs 
and the lowest dose of levorphanol caused a delayed excitation 
(2nd-3rd hr.). An early inhibition of activity was seen for the higher 
doses of morphine, methadone, meperidine, and levorphanol but 
not for pentazocine. Meperidine did not elicit significant loco- 
motor excitation in these doses. The enhanced motility after penta- 
zocine and the narcotic analgesics was blocked by pretreatment with 


a-methyltyrosine. 
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Previous reports from this laboratory have analyzed 
the occurrence of locomotor stimulation following low 
doses of morphine in nontolerant rats (1-4). This effect 
had been little emphasized and had not been system- 
atically evaluated in earlier works, which did, how- 
ever, describe repeatedly an enhancement of motility 
by morphine occurring after an interval of repeated 
dosing in the study of tolerance and/or physical de- 
pendence (5-9). Certain studies have cited gross ob- 
servations or limited data concerning such an effect 
in nontolerant rats (9-12). Locomotor excitation pro- 
vides evidence for behavioral arousal in response to 


morphine in the nontolerant rat despite the classifica- 
tion of this species among those showing predominantly 
a response of depression and behavioral inhibition 
(13, 14). 


Interest in this excitatory component of the CNS 
pharmacology of the opiates led to a consideration of 
the generality of the motility response seen with low 
doses of morphine. Specifically, it was of interest 
whether similar effects might be found not only after 
the synthetic narcotic analgesics but also after an 
agent of the narcotic antagonist-analgesic class. There- 
fore, methadone, meperidine, levorphanol, and penta- 


974 I7 Journal of Pharmaceutical Sciences 








where the f is t  summation was executed by series 557 in Jolley (10). 
After differentiating Eq. A12 with respect to x and using summa- 


tion formula 558 in Jolley (lo), one obtains: 


Consequently, upon integration and simplifying by means of 
series 337 and 558 in Jolley (10). one obtains Eq. 8. Under experi- 
mental conditions, I, D. and K will be rational numbers while ~2 is 
irrational so that!’r/T’D # 1.49 ,  16,. . . . However, it may be suf- 
ficiently close to an integer to cause “round off” difiulties in com- 
puting the infinite sum. 
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dosing in the study of tolerance and/or physical de- 
pendence (5-9). Certain studies have cited gross ob- 
servations or limited data concerning such an effect 
in nontolerant rats (9-12). Locomotor excitation pro- 
vides evidence for behavioral arousal in response to 
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Figure 1-Locomotor activity of rats following saline or several doses of morphine suIfate as indicated on the individual graphs ( I  .25-20.0 mg.1 
kg.). Open circles represent hourly totals dffering significantly from corresponding values of saline controls at p S 0.05. For each point, N = 18. 


zocine were examined to compare their actions to that 
of morphine. In addition to measuring the locomotor 
response to such agents alone, their interaction was 
tested with a-methyl-p-tyrosine, an agent that was 
previously found to be an effective inhibitor of the 
motor excitatory response to morphine in nontolerant 
rats (3, 4). 


EXPERIMENTAL 


Experimental subjects were male Wistar rats', which were as- 
signed randomly on receipt to treatment groups and housed three 
per cage in metal cage (41 X 24.5 X 18 cm.) with food and water 
available ad libitum. They were placed in a r m m  with an altered 
light cycle of 4:OO p.m. to 4:OO a.m., and 7-9 days was allowed for 
adaptation to the environmental conditions. Most rats attained a 
desired weight range of 225-235 g. by the time the locomotor 
activity study was begun. Each rat received only one dose of only 
one drug. 


The photocell actometer units used (15) consisted of a circular 
alley, 7.6 cm. wide and 15 cm. high, with an external diameter of 
37.5 cm. The inner wall held a container for food and a water bottle. 
Photocells of this apparatus cannot be deactivated several times in 
succession. An adjacent photocell must be subsequently deacti- 
vated to reset the first one, so that only large horizontal movements 
may be recorded. The actometers were located in a windowless. 
sound-shielded room, which also contained a masking white-noise 
generator to attenuate further any outside sounds. The temperature 
was generally maintained at  24 f 1 '. 


Experiments began 1.5-2 hr. after light onset. On the 1st day, 
all rats were injected with saline, placed in actometer units in- 
dividually, and allowed 24 hr. for adaptation to the actometer. On 


1 National Laboratory Animal Co.. Creve Coeur, Mo. 


the 2nd day, they were injected with saline or with the test drug. 
Beginning immediately following iiection, motility data were 
recorded hourly for 8 hr. Statistical analyses tested for differences 
between the saline codtrol and each treatment group at each hourly 
observation period by means of one-way analysis of variance and 
Duncan's multiple range test (16). 


The locomotor activity responses to several dosages of morphine 
and its surrogates were evaluated first. With the exception of 
methadone. all drugs were tested at  the same five levels: 1.25, 2.5, 
5.0, 10, and 20 mg./kg. For methadone the highest dosage was 
reduced to 16 mg./kg. because of toxicity. Each of the six treat- 
ment groups was composed of 18 subjects. During every actometer 
session (a 48-hr. period), three tats were tested from each treat- 
ment group. 


Subsequent experiments tested for a relationship between cen- 
tral adrenergic function and the excitation produced by morphine 
and certain surrogates by determining the effect of a-methyl- 
tyrosine pretreatment on drug-induced motility. For this purpose, 
a dose of each analgesic agent was chosen that had produced the 
greatest activity response at the 1st hr. after treatment. For com- 
parison, the effect of a-methyltyrosine on the activity evoked by 
1.0 mg./kg. dextroamphetamine also was tested. These studies 
utilized four treatment groups: saline-saline, a-methyltyrosine- 
saline, salinedrug. and a-methyltyrosinedrug. On the 2nd day of 
the experimental session, saline or a-methyltyrosine pretreatment 
was administered 3.5-4 hr. prior to the injection of the test drug 
or saline. For the interaction study with dextroamphetamine, a- 
methyltyrosine was administered in a dose of 50 mg./kg. However, 
in experiments with analgesics, 100 mg./kg. was used. 


A total recotding period of only 4 ht. was utilized for the inter- 
action studies because. earlier data showed that the maximum 
activity produced by the selected dosages occurred within the first 
3 hr. postinjection. Analysis of variance was applied to the cumula- 
tive motility counts over the first 3 hr. and separately for the 2nd 
and 3rd hr.. but only the former values are reported here. 


For each individual experiment, a solution or suspension of the 
drugs to be used was freshly prepared. Saline (0.9%) was used to 
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Figure &Locomotor activity of rats following saline or several doses of pentarocine lactate as indicated on the individual graphs (1.25-20.0 mg./ 
kg.). Open circles represent hourly totals differing significantly fmm corresponding values of saline controls at p S 0.05. For each point, N = 18. 


prepare solutions of morphine sulfate. levorphanol tartrate. and 
dextroamphetamine sulfate and a suspension of ~,~-a-methyl-p- 
tyrosine’. Solutions of methadone hydrochloride, meperidine hy- 
drochloride, and pentamcine lactate were prepared by dilution of 
commercial injectable solutions with saline. All drugs were ad- 
ministered in a volume of 1.0 ml./kg. As a control for each drug, an 
equal volume of 0.9% saline was injected. All iqiections were by 
the intraperitoneal route. Dosages given are in terms of the salts 
used. 


RESULTS 


Dose-Response RelPtiollsMpa for Analgesics on Locomotor 
Advity-Graphical presentations of results are given in Figs. 1-5. 
Saline-treated control rats characteristically displayed a moderate 
level of activity during the 1st hr., which is attributable to a com- 
bined &ect of handling and injection procedures and of the be- 
havioral arousal evoked by being removed from and returned to 
the actometer. Activity fell greatly in the 2nd hr. and remained low 
throughout the remaining 6 hr. of recording, except for a slight 
rise often found between the 3rd and 6th hr. 


The activity patterns over time for several dosage levels of 
morphine are shown in Fig. 1. These are in close agreement with 
previous results from this laboratory (1, 2). The three lower doses 
produced a hi& initial excitatory response. For the lower two the 
peak activity was at the 1st hr., with significant activity continuing 
only during the 2nd hr. With the S.O-mg./kg. dose, the peak was 
observed at the 2nd hr., and the duration was greater since a lower 
but still signiiicant activity was evident at the 3rd hr. A further delay 
in peak activity was produced by increasing the dosage to 10 and 
20 mg./kg. The former dose had no significant effect a t  the 1st hr. 
but caused peak activity at the 2nd hr., which was maintained with 
only slight reduction through the 3rd hr. The response to 20 mg./ 


2 Regis Chemical Co., Chicago, Ill. 


kg. suggested a biphasic &ect: initial depression followed by ex- 
citation. A biphaic pattern has been more clearly demonstrated in 
other observations for which the 24-hr. adaptation was omitted so 
that activity a t  the 1st hr. was elevated. Peak excitation occurred 
a t  the 3rd hr., and high activity continued through the 4th hr. 


The activity patterns for all of the other analgesics except 
meperidine showed a general similarity to that of morphine. The 
only apparent differences were in the level of peak activity achieved, 
in the duration of either depressant or stimulatory phase, and in 
the dosage producing a particular response pattern. 


Methadone never showed as high a peak excitation as morphine 
(Fig. 2).The response to a 2.5-mg./kg. dose was like that of morphine 
at 1.25 or 2.5 mg./kg., while the response to 5.0 mg./kg. resembled 
morphine at  10 mg./kg. The response to methadone a t  10 mg./kg. 
matched that with 20 mg./kg. morphine, and at  16 mg./kg. it was 
comparable to activity found in another study (2) for 40 mg./kg. 
morphine. 


Levorphanol in doses of 1.25 and 2.5 mg./kg. (Fig. 3) produced re- 
sponses closely resembling thoseafter lOand 20mg./kg. of morphine, 
respectively. There was a suggestion of a biphasicresponseafter 
levorphanol doses of 2.5, 5.0, and 10 mg./kg., while 20 mg./kg. 
clearly caused initial depression followed by excitation. No dose 
caused as high a degree of excitation as did morphine. There was a 
delay in time of peak excitatory response and an increased duration 
of excitation as the levorphanol dose was increased from 1.25 to 20 
mg./kg. 


Pentamcine at 1.25 and 2.5 mg./kg. had no significant effects 
(Fig. 4). However, the time-activity curves after 5.0 and 10 mg./ 
kg. were very similar to those of morphine at I .25 and 2.5 mg./kg., 
respectively. The pattern of activity following 20 mg./kg. penta- 
m i n e  was comparable to that of 10 mg./kg. morphine. 
Results with meperidine were not comparable to morphine at 


any dose tested (Fig. 5). Only 10 mg./kg. gave a small but significant 
increase in activity a t  the 2nd hr. The U)-mg./kg. dose showed a 
significant 1st hr. depressant effect along with a small but signifi- 
cant increase in activity at the 3rd hr. 
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Figure 5--Locomotor aciiniiy of rats following saline or several doses of meperidiqe hydrochloride as indicated on rhe individual graphs (1.25-20.0 
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Thus, these results indicate that characteristic dose-activity 
patterns observed with morphine were matched by methadone at  
about one-half. by levorphanol at about one-tenth, and by penta- 
zocine at  2-4 times the morphine dosage, On the other hand, 
meperidine failed to show clearly any pattern corresponding to 
those found with morphine. 


Wect of cMethyltyrosine on Locomotor Activity-The in- 
hibition by a-methyltyrosine of the initial excitatory response to 
dextroamphetamine and to selected dosages of the analgesics 
(except for meperidine) is shown in Fig. 6. Statistical comparisons 
between means for total activity over the first 3 hr. after drug 
showed that in all cases a-methyltyrosine blocked the drug-in- 
d u d  excitatory response; i.e., the activity of the combination did 
not differ from the saline controls or a-methyltyrosine-saline 
groups. Although the 3-hr. means for the a-methyltyrosine control 
groups were, in most instances, somewhat lower than saline con- 
trols, the differences were nonsignificant, and the apparent defi- 
cit in activity occurred mainly during the 1st hr. 


DISCUSSION 


While morphine in low doses (1, 2) has been known to stimulate 
motility of nontolerant rats, reports of such an effect have been 
lacking for the synthetic analgesics (methadone, levorphanol, and 
meperidine), although all have shown such activity in mice (17). 
One previous report of increased motility in the rat after a narcotic 
antagonist analgesic appeared recently for pentazocine (18). This 
work showed that a-methyltyrosine pretreatment blocked the 
motility response to pentazocine, another result that is confirmed 
by the present study. In addition, the morphine data of this study, 
both alone and in combination with a-methyltyrosine, provide con- 
firmation for earlier tindings (3.4) in a different strain of rat. 


The activity response to methadone and levorphanol was qualita- 
tively similar to that after morphine, although of lesser magnitude. 
With both drugs the rats displayed a progressive delay in onset of 
peak activity with increasing dosage, as has been found character- 
istic of morphine (2). Pentamcine caused a maximum activation 


comparable in magnitude to that of morphine, but the shift over 
time with increasing dosage was less clearly evident in this dosage 
range. Meperidine in the doses reported here caused no consistent 
elevation of activity over controls. However, a lam supplementary 
study with a dose of 30 mg./kg. gave a result very similar to that 
shown here for 20 mg./kg. of levorphanol (Fig. 3), having a quite 
delayed onset and peak of activity. Even with this observation, the 
pattern of response tQ meperidhe in rats clearly dfiered from that 
of the other analgesics. 


It has been postulated that locomotor excitatory effects of mor- 
phine are elicited through an action at  a receptor site which is 
separate from and more sensitive than the one that causes loco- 
motor inhibitory effects (2). The similarity in response patterns 
between morphine and the analgesics tested here (except meperi- 
dine) would allow the extension of this concept to these morphine 
surrogates. Such quantitative differences as were found could be 
attributed largely to differences in rates of metabolic inactivation. 
In view of these results in rats, it is interesting to  note that meperi- 
dine in mice also caused the least increase in motor activity among 
several narcotic analgesics including morphine, methadone, and 
levorphanol(l7). A difference in relative affinities fbr excitatory and 
inhibitory receptor sites could possibly explain the differing re- 
sponse pattern of meperidine compared to the other narcotic an- 
algesics. 


While a sO-mg./kg. dose of a-methyltyrosine blocked most of 
the motility response to dextroamphetamine, a dose of 100 mg./kg. 
was required to block completely the response to the four an- 
algesics. The latter dose was the same that Holtzman and Jewett 
(18) found effective against the motility effects of pentazocine. The 
failure of morphine, methadone, levorphanol, and pentarnine to 
produce locomotor excitation after a-methyltyrosine suggests the 
dependence of their stirnulatory effects upon a release 6f brain 
catecholamines. The same supposition was made earlier for mor- 
phine on the basis of a lowering of brain catecholamine levels dur- 
ing its action (9, 14, 17) as well as the interaction of morphine and 
a-methyltyrosine (4). In the case of pentazocine, this supposition 
also was put forth recently on the basis of both types of data (18). 
However, differences were observed in brain amine effects and 
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interactions with naloxone, which were taken to suggest that some 
agonist actions of pentamine are mediated by receptors distinct 
from those on which morphine acts (18). The present data do not 
provide a basis for speculation on that point but do indicate some 
qualitative similarity in the responses to  the agonist actions of 
morphine and pentazocine in terms of a locomotor activity measure. 
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Polamgraphy of Cephalosporin C Derivatives I: 
3- (5-Methyl-l,3,4-thiadia~l-2-ylthiomethyl) -74 2- (3-sydnone) - 
acetamido] -3-cephem-4-carboxylic Acid, Sodium Salt 


D. A. HALL 


Abstract 0 3-(5-Methyl-l,3,4-thiadiazol-2-ylthiomethyl)-7-t2-(3- 
sydnone)acetamido]-3aplwn~boxylic acid, sodium salt was 
found to  be polarographically reducible in acidic medium, pro- 
ducing two polarographic waves: the first a twoelectron reduction, 
and the second a sixelectron reduction. Both waves are diffusion 
controlled; however, only the 6rst can be used to follow acid and 
base hydrolysis and plactamase degradation of the compound. 


Keyphrcrscs 0 3-(5-Methyl-l,3,4-thiadiazol-2-ylthiomethyl)-7~2-(3- 
sydnone)acetamido]-3cephem-Qcarboxylic acid, sodium salt- 
polarographic reduction 0 Cephalosporin C derivatives-polaro- 
graphic reduction of 3-(~methyl-l,3,4-thiadiazol-2-ylthiomethyl)-7- 
[2-(3-sydnone)acetamido]-3-aphem-4-carb0xylic acid, sodium salt 
0 Polarography-reduction of 3-substituted cephalosporin C 
derivatives 1 3-(5-methyl-l,3,4-thiadiazol-2-ylthiomethyl)-7-[2-( 3- 
sydnone)acetamido]-~phem-4carboxylic acid, sodium salt } 


The initial report of the polarographic reducibility of 
cephalosporins, specifically, cephalosporin C and two of 
its derivatives, cephalothin [7-(thiophene-2-acetamido)- 
cephalosporanic acid] and cephaloridine [7-(2-thi- 
eny1acetamido)- 3 4 1  -pyridylmethyl)-3-cephem-4-car- 
boxylic acid betaine], was that of Jones et al. (1). The 
polarographic reduction wave of cephaloridine was 
used for quantitative analysis, while those of cephalo- 
thin and cephalosporin C were used for qualitative 
comparison. 


This paper reports the d.c. polarographic reduction 
of 3-(5-methyl- 1,3,4- thiadiazol-2 - ylthiomethyl)-7 42-  
(3-sydnone)acetamido]-3-cephem-4-carboxylic acid, 
sodium salt (I) and its analytical utilization for control 
and stability assays. 


E-AL 


Apparatus-Polarograms were recorded by an IR compensating 
automatic recording polarograph', employing a water-jacketed 
threacompartment polarographic cell (the indicatingelectrode 
compartment was between the reference and counterelectrode com- 
partments). The cell was maintained at  25.0 f 0.2" and contained 
a saturated calomel ref- electrode and a platinum foil auxiliary 
electrode. The compartments of the cell were separated by medium- 
porosity sintered-glass disks and 4 z  agar-saturated potassium 
chloride salt bridges. The dropping mercury electrode had an m'/* 
f * / a  value of 1.555 at open circuit in air-saturated 0.1 M potassium 
chloride solution. unless noted otherwise. 


Coulometric runs were made using a mercury pool cathode in 
tbe same polarographic cell. Stirring was accomplished by means 
of a 600-r.p.rn. synchronous rotator' and a one-turn screw-type 
impeller. 


-Test solutions were prepared by weighing approxi- 
mately 2.5 mg. of the compound of interest into a 25-ml. volu- 
metric flask, adding the buffer, and diluting to the mark with 
deionized water; the pH of this solution was measured. Without 


1 Bcckman Electroacan 30 Electroanalytical Systan. Beckman In- 


* E. H. Sargent & Co.. Chicago, Ill. 
struments. Inc.. Fullerton. Calif. 


980 0 Journal of Pharmaceutical Sciences 


delay, about 12 ml. of test solution was transferred to the polaro- 
graphic cell, purged with argona for about 10 min., and polaro- 
graphed. The half-wave potential, El/%, and the diffusion current, id, 
were determined graphically using the maximum of the recorder 
trace. 


Buffer solutions were prepared from analytical reagent grade 
chemicals. Phosphatexitric acid-potassium chloride buffers were 
used at  constant ionic strengths (2) of 0.4 and 0.6 M over the pH 
range of 2.3-6.0. A hydrochloric acid-potassium chloride buffer 
was used for pH 1.6 and was 0.1 N in hydrochloric acid. All buffer 
solutions were polarographically clean within the potential region 
of interest. 


The total number of coulombs passed during coulometry was 
determined graphically. All coulometric runs were corrected for 
background current and were considered completed when the cur- 
rent was equivalent to the steady-state coulometric current of the 
background electrolyte. 


RESULTS 


Wed of pH-Compound I exhibits two polarographic waves 
(Fig. 1, solid lines), and both half-wave potentials are pH dependent. 
The results of the pH study at  a concentration of 0.43 mM are 
shown in Table I. Waves I and I1 at  this concentration show a pH 
dependence of El/,  = -0.45-0.09 pH and El/ ,  = -0.764.10 pH. 
respectively. As can be seen from Table I, the pH range in which 
both reduction waves are present is very narrow. A pH of 2.3 and 
an ionic strength of 0.6 M were selected for analytical purposes and 
were used throughout the rest of the study, unless noted otherwise. 
We& of Temperature and Mercury Height-Both waves I and 


I1 show a temperature dependence of +I.O% per degree. 
Waves I and I1 are dependent on the square root of the mercury 
height, corrected for back-pressure, within a relative standard 
deviation of *1.6 and *4.1z, respectively. These results indicate 
that both reduction waves are diffusion controlled. 


cephaloridine -Q -4 rwitterion 


cephalothin --OCOCH, 


cephalosporin C -OCWH, +CH&--coO- 
I ma+ 


I - S - f Y C H J  Na' 
N-N 


N 
Ill --ococHs -CH,-N' '0 Na' 


8 The Matheson Co.. Inc., East Rutherford. N. J. 
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Figure 1-(A) Pdarography of acid hydrolysis sequence. Key: 1. 
initial; 2 ,  10 min. at 60"; and 3, 20 min. at 80". ( B )  Polarography of 
base hydrolysis sequence. Key: I ,  initial: 2, 0.1 meq. NaOH for 10 
min. at room temperature; and 3, 0.1 meq. NaOH for 10 min. at 
45". AN solutions were 0.22 mM in I at  pH 2.0. The m'/* ta/@ of 
the dropping mercury electrode at open circuit in air-saturated 0.1 M 
potassium chloride is 1.720. 


Coneentrntion Dependence-The half-wave potentials of waves 
I and I1 are dependent on concentration, becoming more negative 
with increasing concentration (Table 11). Wave I exhibits what ap- 
pears to be a maximum of the first kind (3) that decreases more 
rapidly than the diffusion current with decreasing concentration and 
shows a negative dependence on surfactant' concentration ; how- 
ever, the addition of surfactant results in wave I1 merging with back- 
ground. An increase in the ionic strength of the buffer from 0.4 to 
0.8 M had no effect on the maximum. All data reported are in the 
absence of surfactant. 


In the concentration range examined, i.e., 0.07-0.43 mM, the 
diffusion currents of waves I and I1 are directly proportional to 
concentration (Table 11). The dependences are id1 = 4.41 pa./ 


4 Triton X-100. 


Table I-Hfect of pH on Polarographic Reduction of I 


-Wave I- -Wave 11- 


1.60 0.58 2.04 4.77 - - - 
2.32 0.66 1.95 4.56 1.00 5.76 13.46 
3.30 0.73 1.90 4.44 1.08 4.58 10.70 


1.26 4.52 10.56 4 . w  - 
5.98~ - - - - - - 


- - 


0 Buffer s stems described in Procedure. Very poorly defined wave I. 
5 Very poor& defined waves I and 11. 


Table II-Effect of Concentration on Polarographic Reduction 
of I at pH 2.3 


-Wave I- -Wave II- 
concen- ilC, UC, 


mM V. pa. mM v. Ira. mM 
*ation, -En/¶, id, pa./ -El/* id, pa./ 


0.07 0.60 0.34 4.86 0.97 0.78 11.15 
0.15 0.62 0.70 4.65 0.98 1.81 12.06 
0.22 0.63 1.02 4.64 0.98 2.60 11.81 
0.26 0.64 1.19 4.58 0.99 3.05 11.72 
0.37 0.66 1.65 4.46 1.00 4.58 12.38 
0.43 0.66 1.95 4.56 1.00 5.76 13.46 


mM + 0.03 pa. and id11 = 12.63 pa./mM - 0.15 pa., respectively. 
The RSD of waves I and I1 for four individually weighed 0.20 mM, 
0.6 M ionic strength, pH 2 3  samples are *2.6 and *2.4X, re 


Add Hydrolysis Stability-A 0.22 mM, 0.6 M ionic strength, pH 
2.0 solution of I was subjected to three heating conditions. Results 
of two are shown in Fig. 1A. The polarograms show a decrease in 
wave I, essentially no effect on wave 11, and the development of a 
reduction wave at -0.45 v. The third hydrolysis at 25" for 1 hr. 
did not detectably degrade I. A 1.95 mM, pH 2.3 solution of I was 
degraded at 80" for 15 min. and examined by an iodometric 4- 
lactam assay and TLC. The iodometric assay, as compared to non- 
degraded I, indicated a 61 reduction in iodine uptake and a very 
large increase in the blank iodine uptake. The blank of the degraded 
material used approximately 1.7 times the iodine absorbed by the 
nondegraded sample. TLC in acetic acid-dioxane-acetone (1 : 2 : 8) 
on silica gel indicated a total loss of I, some material at the point of 
application, and two spots, both more mobile than I (iodine chamber 
development). The lead spot corresponded in RI to the thiol- 
thiadiazole side chain of I. The less mobile spot corresponded to 
the lactone of I (Scheme IA) (1). 
Base HydrdysIe stawity-Two 5.5-mg. samples of I were re- 


acted with 0.1 meq. of base as 0.05 N NaOH under two different 
heating conditions. Polarograms of the resulting material at a con- 
centration of 0.22 mM with respect to I and at a pH of 2.0 are 
shown in Fig. 1B. There is a decrease in both waves I and 11 and 
development of two illdefined reduction waves at -0.35 and -0.48 
v. A 2.5-mg. sample of I was degraded in 6 ml. of 0.17 N NaOH for 
80 min. at room temperature. TLC, using the system previously 
described, revealed two new spots. The spot more mobile than I 
corresponded to the thiol-thiadiazole side chain of I. The second 
spot was less mobile than I and could be better described as a 
smear, most probably made up of material containing degraded 
&lactam (see Discussion). 
&Lpctamase Stability-Treatment of I with 6-lactamase from 


B. cereus at pH 7 and 25" resulted in a 54% decrease in the dif- 
fusion current of wave I at pH 2.3 over 2 hr. The degradation pro- 
duced a very small reduction wave at -0.36 v. 


Polarograpby of S-Methyl-l,3,4thlPdazolettbiol -Since 11 
is indicated as a product of at least two different degradation paths 
of I and is also a probable intermediate in the synthesis of I (See 
Discussion), it seemed reasonable to try to develop a polarographic 
method to determine 11. The compound is not reducible; therefore, 
it was decided to look into the possibility of an oxidation. The 
McIlvaine buffers used to determine I contain chloride ion, which 
results in an early anodic discharge at the dropping mercury ekc- 
trode. However, I1 gives a well-defined anodic wave in pH 5.7,0.7 


spectively. 
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Scheme I-Cephalosporin degradatioe pathways: A ,  acid hydrdysis; 
and B ,  base hydrolysis 


M acetate buffer which is proportional to concentration within a 
relative standard deviation of 4=6.0% (Table 111). The half-wave 
potential is quite concentration dependent. The oxidation is as- 
sumed to involve the formation of an insoluble mercurous salt. 
This oxidation can be used as a supplemental analytical method to 
follow the degradation pathways of I which involve the loss of I1 
and also as a control method for I1 in nondegraded I. 


Coulometry-Coulometric reduction of I in pH 2.3 buffer on 
the limiting current plateau of wave I resulted in n values of 1.85 
and 1.94. No anodic waves corresponding in El/ ,  to wave I were 
found in the electrolyzed solutions. Wave I1 was considered to be 
too close to background discharge for coulometric n value deter- 
mination. However, comparison of diffusion currents for waves I 
and I1 indicates a five- or sixelectron transfer for wave 11. 


Pdarography of 3-Acetoxy1nethyl-7~2-(3-sy~)ncetnmidol-~ 
cephem-4esrboxylicAdd, Sodium Salt (III)-A0.54mMsolution of 
111, in which an acetoxy group has been substituted for the thiol- 
thiadiazole group, in pH 2.3 McIlvaine buffer exhibits only one 
reduction wave at -1.01 v. with an i/C value of 14.3 w./mM. 


Pdarogmphy of 7 ~ p h e a e t n w t n m i d o ) c e ~ ~ l a ~  
(IV)-Compound IV, with a thiophene in place of a sydnone and 


a,P-unsaturated lactone at the 3-4 position (Scheme IA) (l), 
showed no reduction waves in pH 2.3 McIlvaine buffer. 


DISCUSSION 


Cephaloridine, cephalothin, and cephalosporin C, as reported by 
Jones et d. (l), each exhibit one reduction wave. The polarographic 
El/,% of the three compounds are pH dependent and concentration 
dependent, and the reduction wave of cephaloridine is dif€usion 
controlled. Compound I exhibits two reduction waves, both showing 
the same characteristics with respect to pH and concentration as 
has been demonstrated. The El/,  concentration dependence of all 
four compounds is indicative of a polarographically irreversible 
reduction. Final solutions, completely electrolyzed with respect to 
the first reduction wave of I, showed no anodic wave with an El/, 
corresponding to that of wave I, further proof of an irreversible 
reduction. Based on preliminary diffusion current data, Jones el d. 
(1) assumed that cephaloridine was reduced oia a twoelectron trans- 
fer. Coulometry, on the first reduction of I, confirms a net two- 
electron transfer for the compound and, based on i/C data, sup- 
gests a five- to sixelectron transfer for the second reduction wave. 
Jones er d. (1) made no attempt to assign the functionality in 


cephaloridine that undergoes reduction. Comparison of the reduc- 
tion patterns of I and cephaloridine shows similar half-wave po- 
tentials for the second reduction of I and the reduction of cephalor- 
idine. However, the former is a five- to sixelectron transfer, and the 
latter is assumed to be a twoelectron transfer. Sydnones, as re- 
ported by Zuman (4), are reduced in a sin* sixelectron step under 


0.30 
0.60 
0.91 
1.21 
1.51 


0.09 
0.11 
0.12 
0.12 
0.13 


0.76 
1.67 
2:a 
3.52 
4.41 


acidic conditions, which supports a hypothesis that wave I1 rep- 
resents the reduction of the sydnone side chain of I, a functionality 
not present in cephaloridine. 


The acid hydrolysis of I, as followed by TLC, results in the. loss of 
I1 and the formation of the lactone of I. Polarographically, acid 
hydrolysis results in the loss of the first reduction wave and the re- 
tention of the second reduction wave. These two observations point 
to the first reduction of I as involving the side chain (11) a t  the 3- 
position. This conclusion is supported by the fact that 111, which 
has an acetoxy group in the 3-position in place of the. thiol-thia- 
b l e  and the same acetamido grouping at the 7-position, ex- 
hibits only one reduction wave at -1.01 v., corresponding to the 
proposed sydnone reduction of I. Compound I1 is not reducible 
under similar conditions. 


It was recently reported (5) that cephalosporin C, upon macro- 
electrolysis at a mercury pool electrode at pH 6.6, is converted 
to the deacetoxy compound, i.e., the acetoxy group at the 3-position 
is rductively eliminated. It seems reasonabk to assume, then, that 
the f i s t  reduction wave of I represents a similar elimination in which 
the thiol-thiadiazole group is expelled from the molecule. Conclu- 
sions from an extension of these arguments to the reduction waves 
of cephalosporin C and cephalothin, as reported by Jones et a/. (1). 
are obvious. The reduction of cephaloridine, which probably also 
involves the 3-position side chain, may be complicated by its zwitter- 
ion character. Moreover, the first reduction wave of I is approxi- 
mately 300 mv. more positive than the reduction wave of cephalor- 
idine and approximately 600 mv. more positive than the reductions 
of cephalosporin C and cephalothin at the same pH. This indicates 
a substituent effect on the reduction caused by the functionality at 
the >position. 


Cephalosporins, in general, easily undergo acid (6) and base (7) 
hydrolysis (Scheme I). Acid hydrolysis results in the loss of the 
R group at the 3-position and formation of an a,&unsaturated 
lactone. Base hydrolysis opens the 8-lactam moiety and simultane- 
ously eliminates the R group at the 3-position. TLC has tentatively 
supported these degradation pathways for I. Enzymatic deactiva- 
tion of cephalosporins is believed (7) to follow a reaction path 
similar to that of base hydrolysis, again with loss of the R group. 
As can be seen from Figs. 1A and lB, the acid and base hydrolysis of 
I can be followed by polarography. The enzymatic degradation also 
results in loss of wave I of I. The key to this specificity is believed 
to be the loss of the R group at the >position. The identities of the 
new polarographic waves produced oia the three degradation paths 
have not been established, The lactone functionality, from the 
polarography of IV, is not responsible for any of them. However, 
Structure 2 in Scheme IB could be polarographically reducible. 


As mentioned under the polarography of 11, I1 should also be a 
contaminant in nondegraded I. This conclusion is based on the 
reported (7) method of synthesis of compounds containing R 
groups at the 3-position other than -H or --OCOCHn. The reac- 
tion is a nucleophilic displacement wherein an excess of free side 
chain is used to replace the naturally occurring --OCOCHS function 
of the fermentation product, cephalosporin C. The oxidation of 11, 
therefore, should not only be useful in following the degradation of 
I, and presumably other cephalosporins with similar 3-position sub- 
stituents, but should also be useful in examining newly synthesized 
cephalosporin for side<hain contaminant. 


CONCLUSION 


The polarographic reduction of I consists of two waves. The 
first is believed to be the twoclectron reductive elimination of the 
>position substituent. The second is believed to be the sixelectron 
reduction of the sydnone acetamido 7-position substituent. Both 
waves can be utilized as control methods for the analytical deter- 
mination of I. Only the first wave, however, can be used to follow the 


982 0 Journal of Pharmaceutical Sciences 







acid, base, and enzymatic degradations of I which involve the loss 
of the 3-position substituent. 


When taking into consideration the work of Jones et al. (l), it 
is believed that the polarographic method should be generally ap- 
plicable to all cephalosporins containing a leaving group at the 3- 
position. Those free leaving groups containing a thiol function- 
ality should also be amenable to polarographic determination Dia 
oxidative mercurous salt formation. 
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4-Anilidopiperidine Analgesics I: 
Synthesis and Analgesic Activity of Certain Ring-Methylated 
1-Subs ti tuted 4-Propananilidopiperidines 


THOMAS N. RILEY’, DANNY B. HALE*, and MARVIN C. WILSONt 


-~ 
Abstract 0 In view of the potency-enhancing effect of methyl 
substitution of the piperidine ring of the Cphenylpiperidine an- 
algesics and the alkylene chain of the acyclic basic anilide analgesics, 
the 1-methyl, 1-benzyl, and 1-phenylethyl derivatives of 2methyl-, 
3-methyl-, and 2,5-dimethyl4propananilidopiperidine were pre- 
pared. The analgesic activity of these compounds indicates that 3- 
methylation has the greatest effect in enhancing analgesic potency 
whereas 2-methyl and 2,S-dimethyl substitution is detrimental to  
analgesic activity. 


Keyphrases 0 CAnilidopiperidine analgesics-synthesis and 
activity of ring-methylated 1-substituted Cpropananilidopiperii- 
dines 0 Analgesics, potential-synthesis of ring-methylated 1- 
substituted Cpropananilidopiperidines, structure-activity rela- 
tionships 0 Structure-activity relationships4anilidopiperidi~ 
and analgesic activity, &ect of ring methylation 


Fentanyll (I, R = CsH5CHaCH2) is a potent narcotic 
analgesic which possesses a rapid onset and short 
duration of action (1). Its pharmacological profile is 
very similar to other morphinomimetic compounds, ex- 
cept that fentanyl is a considerably more potent narcotic 
analgesic (2). Structurally, fentanyl may be characterized 
as a 4-anilidopiperidine derivative. This class of syn- 
thetic narcotic analgesics exhibits structural features 
also found in the acyclic basic anilide analgesics (11) and 
the 4-phenylpiperidine analgesics (111). 


In general, studies of structure-activity relationships 
in the 4-anilidopiperidine class (3-6) indicate that 
structural requirements for analgesic activity are similar 
to those established for both the acyclic basic anilides 
and the 4-phenylpiperidines. One aspect of the struc- 
ture-activity relationships of the 4-anilidopiperidines 


that has not as yet been reported is the effect of piperi- 
dine ring methylation in this class. It is well established 
that methylation of the piperidine ring of the 4-phenyl- 
piperidine analgesics (e.g., the prodines) results in a 
significant increase in analgesic activity. In addition, 
introduction of a methyl substituent on the alkylene 
chain of the acyclic basic anilides provides for com- 
pounds of high analgesic activity. In this regard, how- 
ever, it is important to note that the increase in analge- 
sic activity in these analogs is highly dependent OR the 
position of the methyl substituent relative to the basic 
nitrogen. In the Cphenylpiperidines, 3-methylation 
and 2,3-, 2,5-, and 3,5-dimethylation result in high 
analgesic activities (7). Other methyl substitution 
patterns in this class generally reduce analgesic activity. 
In the acyclic basic anilide analgesics, methyl sub- 
stitution a to the basic nitrogen affords the greatest 
enhancement of analgesic activity (3). 
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acid, base, and enzymatic degradations of I which involve the loss 
of the 3-position substituent. 


When taking into consideration the work of Jones et al. (l), it 
is believed that the polarographic method should be generally ap- 
plicable to all cephalosporins containing a leaving group at the 3- 
position. Those free leaving groups containing a thiol function- 
ality should also be amenable to polarographic determination Dia 
oxidative mercurous salt formation. 
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structural requirements for analgesic activity are similar 
to those established for both the acyclic basic anilides 
and the 4-phenylpiperidines. One aspect of the struc- 
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that has not as yet been reported is the effect of piperi- 
dine ring methylation in this class. It is well established 
that methylation of the piperidine ring of the 4-phenyl- 
piperidine analgesics (e.g., the prodines) results in a 
significant increase in analgesic activity. In addition, 
introduction of a methyl substituent on the alkylene 
chain of the acyclic basic anilides provides for com- 
pounds of high analgesic activity. In this regard, how- 
ever, it is important to note that the increase in analge- 
sic activity in these analogs is highly dependent OR the 
position of the methyl substituent relative to the basic 
nitrogen. In the Cphenylpiperidines, 3-methylation 
and 2,3-, 2,5-, and 3,5-dimethylation result in high 
analgesic activities (7). Other methyl substitution 
patterns in this class generally reduce analgesic activity. 
In the acyclic basic anilide analgesics, methyl sub- 
stitution a to the basic nitrogen affords the greatest 
enhancement of analgesic activity (3). 


R 
I 


w\N&& 
I 
R 


11 


1 Fentanyl citrate. Sublimaze, McNeil Laboratories, Inc. 
R 


III 


Vd. 62, No. 6, June 1973 0 983 







i R 
N V 


R 
VI 


R = ( a )  CH,, (b) C,H,CH,, or ( c )  C6H6CH2CK 


These considerations prompted this study of the 
effect of ring methylation in conjunction with I-sub- 
stitution on the analgesic activity of the 4-propananili- 
dopiperidines. The 1 substituted 2-methyl analogs (IV) 
possess structural features shown to confer high anal- 
gesic activity on the acyclic basic anilides. The l-sub- 
stituted 3-methyl-4propananilidopiperidines (V) and 
2,5-dimethyl-4-propananilidopiperidines (VI) exhibit 
structural features important for potent analgesic 
activity in the 4-phenylpiperidine class. 


SYNTHESIS 


Literature schemes for the synthesis of Canilidopiperidines 
usually proceed through the 1-substituted Cpiperidones with the 
formation of the Schiff base with aniline, followed by reduction 
and subsequent acylation of the Canilino moiety ( 5 ,  8). In this 
study, however, the desired Canilidopiperidines were most readily 
accessible via the appropriate Canilinopyridines (XI, Scheme I). 
These key intermediates were prepared according to literature pro- 
cedures (9) oia nucleophilic displacement of chloride by aniline 
from the appropriate 4-chloropyridine N-oxides ( IX)  or khloro-  
pyridine hydrochlorides (X). Syntheses of X proved to be more 
facile than the preparation of IX, and treatment of X with aniline 
hydrochloride gave higher yields of the desired Canilinopyridines. 


The propananilides (XII, Scheme 11) were obtained by heating 
the Canilinopyridines (XI) in propionic anhydride. Hydrogena- 
tion of the pyridine ring in XI1 was achieved using 10% palladium- 
on-charcoal in glacial acetic acid in a catalyst to a compound ratio 
of 1 :3. The use of platinum oxide as a catalyst in this conversion 
proved unsatisfactory because of partial pyridine ring reduction 
and reduction of the aniline ring. 


9 I 
0 
vn 


VIII IX 


/ C,H,NH,.HCI 


*HCI 
X 


R = (a) 2-CH,, ( b )  3-CH3, (c) 2-CH3, 5-C& 


Scheme I 


4+R XI 


(CH,CH2CO),0 
XI - 


Nb, Vb, Vlb - IVa, Va, VIO 


PIIC. H, 1 C,H,CH,CHO 


HCHO 


Nc, vc, vlc 


scheme XI 


The ring-methylated 4propananilidopiperidines obtained from 
the reduction of the Canilidopyridines proved very difficult to 
purify. Preparation of the l-benzyl-4propaaanilidopiperidines 
provided products that could be easily purified by adsorption 
chromatography. The other two series of 1-substituted 4-propan- 
anilidopiperidines were conveniently prepared by catalytic hydro- 
genolysis of the 1-benzyl derivatives in the presence of either form- 
aldehyde or phenylacetaldehyde. 


The synthetic procedures employed for the preparation of the 
ring-methylated Canilidopiperidines of this study undoubtedly 
gave rise to diastereomeric inixtures of the products. Isomeric 
mixtures were indicated in certain cases by separation during 
chromatographic purification. However, in all cases that this was 
observed the isomers were combined to give homogeneous products 
with regard to elemental analyses. The results with adsorption 
chromatography will be of value in future studies of the isomers of 
these compounds. 


ANALGESIC ACTIVITY 


The analgesic activity of the ring-methylated Qanilidopiperidines 
prepared in this study was determined in rats by the D'Amour- 
Smith (10) tail-flick method. The compounds were tested as the 
hydrochloride salts and were dissolved in normal saline immediately 
prior to intraperitoneal injection. The EDM value for the compound 
studied is defined as the dose of the drug which, in 50% of the 
animals tested, increased the reaction time by SOX at  40 min. 
postinjection. Compounds were deemed inactive if the rats did not 
exhibit significant analgesia at dose levels of 100 mg./kg. 


EXPERIMENTAL* 


QAniIb2-methylpyridhe (XIo)-A mixture of 8.2 g. (0.05 
mole) of 4-chloro-2-methylpyridine hydrochloride (Xu) [prepared 
by standard procedures by treatment of 2methylpyridine N- 
oxide (VIIa) with phosphorus oxychloride] and 10.3 g. (0.08 mole) 
of aniline hydrochloride was placed in a sealed vessel and heated 
for 4 hr. at 130". The resulting tarry material was purified by steam 
distillation. After 800 ml. of distillate had been collected, the r e s  
idue was filtered and the filtrate was treated with charcoal and 
filtered through diatomaceous earth'. The filtrate was extracted 
with chloroform and the chloroform was dried (sodium sulfate) and 
evaporated in wcuo, leaving 5.2 g. (56x) of XIa as white crystals, 
m.p. 146-147'; NMR (CDCII): 6 8.40 (d, 1, C 6  H), 7.45-7.85 
(m, 5, N--CJls), 7.28 (s, 1, C-3 H), 7.#)(d, 1, G5 H), 6.78 (broad 
S, 1, N-If), and 2.50 (s, 3, C 2  CH,). 


~~ ~ ~ 


* All melting points were determined on a Thomas-Hoover meltin - 
point apparatus and are uncorrected. The IR spectra for all compounts 
were as expected. The NMR spectra were taken using a C60HL Jeolco 
instrument, using tetramethylsilane as the internal standard. Elemental 
analyses were erformed by Chemlytics. Inc., Tempe, Ariz. Hydro- 
chloride salts otamine oxides were formed by dissolving the amine oxide 
in dilute aqueous hydrochloric acid and evaporating in wcuo. 


Celite. 
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Anol.--Calc. fW CuH&: C, 78.26; H, 6.52; N, 15.22. Found: 


C(N-PropurudHbMylpyddiW) ( X I X t 4 - h  18.4-g. (0.10- 
C,78.21; H, 6.67; N, 14.64. 


mole) sample of XIa was dissolved in 100 ml. of propionic an- 
hydride and heated at 80" for 12 hr. The excess propionic anhydride 
was removed in wcuo, and the dark residue was purified in 10-g. 
quantities by passage through a lo00 X 25-mm. chromatographic 
column packed with 190 g. of silica gel. Elution was carried out 
with ethyl acetate and 30-ml. fractions were collected. Fractions 
11-20 were found to contain the product. This procedure gave 19.5 
g. (81 %) of XIIa as a light oil; NMR (CDCII); 6 8.40 (d, 1, C 6  H), 
7.40-7.85 (m, 5,  N-CeHd, 7.31 (s, 1, C-3 H), 7.25 (d, 1, CS H), 
2.54 (s, 3, C-2 CHI), 2.48 (m, 2, COCHKHI), and 1.25 (t, 3, COCHr 
CHI). The hydrochloride salt was prepared by standard procedures 
and recrystallized from ethanol-ether, m.p. 152". 


Found: C, 64.91; H, 6.22; N, 9.64. 


g. (0.Wmole) sample of XlIa was dissolved in 150 ml. of glacial 
acetic acid, and 4.0 g. of 10% palladium-oncharmal was added to 
the solution. The mixture was hydrogenated for 24 hr. at 75". The 
catalyst was removed by filtration, and the filtrate was carefully 
basified with sodium hydroxide and then extracted with chloroform. 
The chloroform extract was dried (sodium sulfate) and concentrated 
in mcuo, giving a viscous oil. This oil was dissolved in acetonitrile, 
and 13.3 g. (0.078 mole) of benzyl bromide was added. The solution 
was refluxed for 11 hr. followed by concentration in wcuo. The resi- 
dual oil was taken up in a saturated solution of potassium carbonate 
and extracted with chloroform. The chloroform extract was dried 
(sodium sulfate) and concentrated in CJUCUO to yield a yellow oil. 
which was then passed through a 500 X 25-mm. chromatographic 
column packed with 90 g. of silica gel. Elution with ethyl acetate 
gave 10.5 g. (48%) of IV6 as a clear oil; NMR (CDC13: 6 7 . S  
7.75(m, 10, N - C J ~ S  and N-CHaCsHs), 4.50-5.05 (m, 1, C 4  H), 
3.15 and 4.33 ( A B  quartet, 2, N-CHzC~H6), and 0.80-1.45 (m, 6, 
cocH;CHs and G 2  CHI). The picrate of IV6 was recrystallized 
from ethanol, m.p. 210-212". 


12.38. Found: C, 59.72; H, 5.40; N, 12.36. 


A 3.0-g. (0.oOPmole) sample of 1Vb was mixed with 1.44 g. (0.012 
mok) of phenylacetaldehyde and 0.5 g. of 10% palladium-on- 
charcoal in ethanol and hydrogenated for 4 hr. at room temperature. 
The reaction mixture was filtered and concentrated in wcuo, leaving 
a dark oil. The ail was purified by palssng it through a 500 X 25- 
mm. chromatographic co lum packed with 90 g. of silica gel. 
Elution with ethyl acetate provided 2.24 g. (71 %) of IVc as an oil; 
NMR (CDCII): 6 7.S7.85 (m, 10, N - G H S  and N-CHzCH*C,Hs), 
4.33-4.80 (m, 1, G 4  H), and 0.80-1.50 (m, 6, COCH,CHa and G 2  
CHI). The oil formed a picrate which was recrystallized from 
ethanol, m.p. 207-208". 


AnaL-Calc. for GHJ~N#+C&NICh: C, 60.09; H, 5.74; N, 
12.08. Found: C, 59.90; H, 5.75; N, 12.12. 


1,2-Dimethyl4(N-pro~do)pl dine (IVa)-A mixture of 


solution, and 0.5 g. of 10% palladium-oncharcoal was hydrogen- 
ated for 4 hr. The reaction mixture was filtered, concentrated in 
wcuo, and passed through a 250 X 20-mm. chromatographic 
column packed with silica gel. Elution with ethyl acetate gave 1.2 g. 
(79z) of viscous od; NMR (CDCII): 6 7.20-7.75 (m, 5,  N-C,H& 
4.50-5.00 (m, 1, G 4  H), 2.07 (s, 3, N-CHI), and0.80-1.50 (m, 6, 
COCHICH, and C-2 CHI). The oil formed a picrate which was 
recrystallized from ethanol, m.p. 194-196.5". 


14.31. Folind: C, 54.00; H, 5.68; N, 14.76. 
4 - & d l b & m & y I p y d ~  (XIb)-A mixture of 7.2 g. (0.05 mole) 


of 4-chlore3-methylpyridine N-oxide (Ixb), prepared by standard 
procedures from the Cnitro derivative (VIIIb) (9), and 9.3 g. 
(0.10 mole) of aniline was heated in a sealed vessel at 130" for 4 hr. 
The deepviolet tar obtained from this procedure was pursed as 
desaibed in the synthesis of XIa, leaving a green crystalline solid 
which was recrystallized from ethanol-water (1 :3) to yield 3.51 g. 
(38%) of product, m.p. 119-120" l t .  (9) m.p. 122'1. 


mole) sample of daniline3-methylpyridine (Xlb) dissolved in 100 
ml. of propionic anhydride was stirred and heated at 80" for 12 hr. 


An~l.--calc. for CidhNIO*HCI: C, 65.10; H, 6.15; N, 10.13. 


1 - B c a z y l - k r c t s y l Y l V - p ~ d O ) p l p d d b  (IVbFA 15.6 


Anol.--Calc. fW C&I&JIO.CajN&: C, 59.46; H, 5.50; N, 


l ~ z P h c n Y l e t a Y l ~ ~ Y 1 4 ( l V - ~ O ~ d O ) ~ p d ~  Wcl- 


2.0 g. (0.006 mole) of IVb, 0.90 g. (0.0 p"L mole) of 37 % formaldehyde 


And.--calc. for C~&IH#N#*CNINJC~: C, 53.98; H, 5.56; N, 


C(N-RopraraiUdo)-3-lnethylpyddine (XIIbbA 20.3-g. (0.11- 


Ruification by the procedure described for XIIa gave 21.1 g. 
(80%) of a light-yellow oil; NMR (CDCIa): 6 8.63 (d, 1, C-6 H), 
8.70 (s, 1, C-2 HI, 7.55-7.80 (m, 5, N--CeHd, 7.35 (d, 1, C-5 H), 
2.45 (m, 2, CoCHzCHa), and 1.20 (t, 3, COCHZCH,). The hydro- 
chloride salt of XIIb was formed in the usual way and recrystal- 
lized from ethanokther, m.p. 136137". 


AnaL-Calc. for ClsHleNtO.HCl: C, 65.09; H, 6.15; N, 10.12. 
Found: C, 64.94; H, 6.25; N, 9.98. 


l - B e m y l s l a e t h y 1 4 N - p ~ ~ U d o ) ~ ~ d i ~  (Vb)-A 9.6-g. 
(0.04-mole) sample of XIIb was dissolved in 100 ml. of glacial acetic 
acid, and 4.0 g. of 10% palladium-oncharcoal was added to the 
solution. The mixture was hydrogenated for 24 hr. at 75". After 
filtration, basification, and concentration, the residual oil was re- 
fluxed with 11.9 g. (0.07 mole) of benzyl bromide in acetonitrile. 
The oil obtained by this procedure was purified as described for 
IVb, yielding 7.8 g. (58x) of Vb as a clear oil; NMR (CDCla): 6 
7.45 (s, 5 ,  CHICOH& 7.30-7.80 (m, 5, N-CeHd, 4.45-4.80 (m, 1, 
C 4  H), 3.55 (s, 2, N--CH#Z,H3, and 1.10 (d, 3, C-3 CHI). The hy- 
drochloride salt of Vb was prepared and recrystallized from ethanol- 
ether, m.p. 202.5-204". 


AnaL-CaIc. for GHsN,O.HCI.H,O: C, 67.59; H, 7.99; N, 
7.17. Found: C. 67.83; H, 7.55; N, 7.02. 


l - ( z P b e a y l e t h y l ) . 3 y I ~ ~ - p r o p ~ ~ d o ) p ~ ~ ~ e  We)-- 
A 4.0-g. (0.012-mole) sample of Vb was mixed with 1.0 g. (0.016 
mole) of phenylacetaldehyde and treated according to the proce- 
dure described for the synthesis of lVc, resulting in 3.32 g. (79%) of 
Vc as a clear oil; NMR (CDC13: S 7.42 (s, 5,  N--CHzCHzCsHs). 
7.30-7.77 (m, 5,  N-CeHs), 4.40-4.80(m, l,C-4H),andl.lO(d.3, 
C 3  CH,). The hydrochloride salt of Vc was prepared and recrystal- 
lized from ethanol-ether, m.p. 164-166". 


AnaL-Calc. for GaHaoNgO*HCI: C, 71.38; H, 8.08; N, 7.24. 
Found: C, 71.01; H, 8.24; N, 6.95. 


1,3-Dimetbyl4N-propananiUdo)piperidine (Va)-A mixture of 
4.0 g. (0.012 mole) of Vb and 0.13 g. (0.015 mole) of formaldehyde 
solution (37%) was treated according to the procedure described 
in the preparation of IVa to yield 2.6 g. (82%) of Vu as a clear oil; 
NMR (CDCII): 6 7.10-7.65 (m, 5, N--CeH& 4.24-4.75 (m, 1, C-4 
H), 2.23 (s, 3, N-CHa),  and 1.10 (d, 3, C-3 CH& The picrate of Va 
was prepared in the usual manner, m.p. 164". 


AnaL-Calc. for CleH~rNIO.C~HINIO~: C, 53.98; H, 5.56; N, 
14.31. Found: C, 54.04; H, 5.56; N, 14.73. 


4-Cbloro-2$-~ethylpyrldine ( X c G A  154.5-g. (0.88-mole) 
sample of 2,ldimethylpyridine N-oxide hydrochloride was pre- 
pared by standard procedures and added to 475 g. (3.10 moles) of 
phosphorus oxychloride. The reaction was heated to 120" for 1 
hr. and then refluxed for 4 hr. The solution was allowed to cool and 
poured into ice. The solution was basikd (potassium carbonate) and 
extracted with ether, and the ethereal extracts were dried (sodium 
sulfate) and concentrated in cacuo. leaving an impure liquid which 
was distilled at 40-50" (1 mm.) to give 89.7 g. (72x) of Xc; NMR 
(CDCla):6 8.60(s, 1, C-6H), 7.15(s, 1, C-3 H), 2.50(s, 3, CH8),and 
2.40 (s, 3, CHI). The hydrochloride of Xc was prepared, m.p. 
24Cb241". 


Anal.-Calc. for GH&lN.HCl: C, 47.21; H, 5.09; N, 7.69. 
Found: C, 47.29; H, 5.55; N, 7.74. 


4-Aniljno-2,S-dimetbylpyridine (XI&-Following the procedure 
used to prepare XIa, 81.6 g. (0.63 mole) of aniline hydrochloride 
and 80.1 g. (0.45 mole) of XceHCl reacted to yield XIc as a gray 
solid. Recrystallization from dioxane yielded 61.2 g. (49%) of a 
white solid, m.p. 145"; NMR (CDCII): 6 7.05-7.90 (m, 6, (2-3 H 
and N-C,H& 2.50 (s, 3, CHI), and 2.40 (s, 3, CH,). 


Anal.-Calc. for CiaHIdNz: C, 78.78; H, 7.07; N, 14.14. Found: 
C. 78.70: H. 7.15: N. 14.16. 


~4-(N-Ro~do)-2&dimethylpyridine (XIIc)-A 29.7-g. (0.15- 
mole) sample of XIc was heated in 150 ml. of propionic anhydride 
for 12 hr. at 80". The reaction was worked up as described for XIIa 
to give 31.7 g. (83 %) of XIIc as an oil which solidified on standing at 
room temperature. Recrystallization of this solid from ether gave 
white crystals, m.p. 87-89"; NMR (CDCW: 6 8.15 (s, 1, C-6 H), 
7.20-7.55 (m. 5. N-CsH6), 7.13 (s, 1, C-3 H), 2.57 (s, 3, C-2 CHI), 
2.26(s, 3, C-5CHs),2.33(m, 2,COCHzCHr),and 1.16(t. 3,COCHs- 
CHI). 


AnaL-Calc. for ClsHl~NzO: C, 75.79; H, 7.09; N, 11.02. Found: 
C, 75.53; H, 6.90; N, 10.77. 


l - B e n z y l ~ N - p r o p a d 0 ) - 2 ~ ~ ~ y l p l  (VIb)-A 
solution of 10.1 g. (0.04 mole) of XIIc in 120 ml. of glacial acetic 
acid was hydrogenated and then treated with 8.5 g. (0.05 mole) of 


Vd. 62, No. 6, June 1973 0 985 







Table. I-Analgesic Activities of CPropananilidopi~eridines 


1-Substituent 2-CHs (IV) 3-CHs (V) @I) - 


(a) CHa Inactive 14.34 Inactive 
(6) CsHsCHr Inactive 36.67 65.14 
(c) C&fEHZCH* 0.665 0.004 0.803 


~~~ ~ 


0 The ED60 of fentanyl hydrochloride as determined in these studies 
was 0.04 mg./kg. Significance level: a = 0.05. 


benzyl bromide, as previously described for the preparation of 
IVb, to yield 7.3 g. (52%) of VIb as a clear oil; NMR (CDCIa): d 
7.20-7.75 (m, 10, N-CSHS and N-CH2CsH5), 4.30-4.75 (m, 1, 
C-4 H), 2.95-4.20 (AE quartet, 2, N-CHzCsHr), and 0.80-1.40 (m, 
9, G 2  CHI, C-5 CHI and COCHSCH,). The oil formed a picrate 
which was recrystallized from ethanol, m.p. 209-210°. 


Anal.-Calc. for G~H,oNIO.C~HINIG: C, 60.09; H, 5.74; N, 
12.08. Found: C, 59.71; H, 5.68; N, 11.81. 


(VIc)-A solution of 1 .O g. (0.008 mole) of phenylacetaldehyde and 
2.0 g. (0.006 mole) of VIb was hydrogenated over 10% palladium- 
on-charcoal. The product was purified, as previously described in 
the preparation of IVc, to provide 1.16 g. (5373 of VIa as a clear 
oil; NMR (CDClr): 8 7.35-7.75 (m, 10, N-CsH5 and N--CH,CHr 
CeHs), 4.30-4.75 (m, 1, C-4 H), and 0.80-1.40 (m. 9, C-2 CHI, GS 
CHs and COCH2CHa). The oil formed a hydrochloride salt which 
was recrystallized from ethanol-ether, m.p. 235.5-237”. 


Anal.-Calc. for C,HmNaO*HCl: C, 71.88; H, 8.30; N, 6.99. 
Found: C,  71.70; H, 8.24; N, 6.96. 


e(N-propananUrdo~l~,3-trimethylpiperidie O?a)-Two grams 
(0.006 mole) of VIb and 0.9 g. (0.01 mole) of formaldehyde were 
hydrogenated. The product was purified, as previously described 
in the preparation of IVa, to yield 1.28 g. (78%) of VIn as a clear 
oil; NMR (CDCI,): d 7.20-7.75 (m, 5, N--C.Hs), 4.30-4.75 (m, 1, 
C-5 H), 2.07 (s, 3, N - C H 8 ) ,  and 0.80-1.40 (m, 9, C-2 CHa, C-5 CHI 
and COCHrCHs). The oil formed a picrate which was recrystal- 
lized from ethanol, m.p. 242-244‘. 


Anal.-Calc. for C17HzaN~0.C~HHaNaOi: C, 54.86; H, 5.81; N, 
13.91. Found: C, 55.86; H, 5.95; N, 14.13. 


1 -(2 - ~ ~ ~ l ~ ~ l ) - 2 ~ ~ ~ ~ l - 4 - ( N - ~ ~ ~ d ~ ) ~ ~ ~  


RESULTS AND DISCUSSION 


Analgesic activities of the ring-mthylated Cpropananilido- 
piperidines prepared in this study are given in Table I. The results 
of analgesic activities of the 4-propananilidopiperidiws in this 
study are in accord with previous findings of structure-activity 
relationships for morphinomimetic compounds in that phenethyl- 
ation of a basic nitrogen in these agents provides compounds of the 
highest analgesic activity. The results further indicate that 3- 
methylation of the piperidine ring of the Cpropananilidopiperi- 
dines significantly enhances analgesic activity, whereas bmthyla- 
tion and 2,Sdimethylation lead to a significant reduction in anal- 
gesic activity. It is interesting to correlate the effect of l-substitu- 
tion on the analgesic activities of the 4-propananilidopiperidines. 
In the fentanyl (I) and the 2,s-dimethylated (VI) series, potency is 
observed to decrease in the order CsHsCHaCHs > CIH~CHI > CHa, 
whereas in the 3-methylated series (V) the dependence of analgesic 
activity on the 1-substituent is in the order CsHsCHsCHt > CHa > 
CsH6cH2. These relationships suggest that introduction of a methyl 
substituent in the piperidine ring of the Cpropananilidopiperidine 
analgesics results in a fundamental alteration of the analgcsk a- 


tivity of these compounds which is possibly related to the made of 
binding of the molecules at the analgesic receptor. 


A meaningful interpretation of the nature of the interaction of 
the 4propananilidopiperidines with the analgesic receptor is rather 
difficult to derive from the analgesic activities given in Table I. In 
addition to  reflecting differences in receptor affinities, these results 
also d e c t  differences in distribution and metabolism of the variaus 
compounds. These latter factors can result in signiAwt differences 
in biophase concentrations and, hence, apparent differences in 
analgesic activities (1 1). 


Introduction of a ring methyl into the Cpropananilidopiper- 
id- results in chiral molecules. In view of the reported stereo- 
rlectivity of the narcotic analgesic receptor (12), it is anticipated 
that separation of the geometric and optical isomers of the corn- 
pounds in this study will provide even more potent compounds and 
will afford pertinent information with regard to  the nature of the 
drug-receptor interaction. Studies on stereostructure-activity rela- 
tionships for the ring-methylated 4propananilidopiperidines are 
currently underway in these laboratories. 
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Reaction of Helenalin with Hydrogen Chloride 


KUO-HSIUNG LEE', HIROSHI FURUKAWA*, SUN-HYUK KIM, and CLAUDE PIANTADOSI 


Abtrrt 0 Reaction of heknalin (I) with hydrogen chloride-chloro- 
form and deactivated neutral alumina yielded three products: 
mexicanin A (In, l-epiallohelenalin (IV), and a new oxide (V). These 
products were formed oiu intermediates (VII, IX, and VIII, respec- 
tively) by the initial addition of hydrogen chloride to the exocyclic 
methykne grouping of the r-lactone followed by elimination of 
hydrogen chloride upon treatment with neutral alumina. Exposure 
of I1 to hydrogen chloridcchloroform gave the same intermediates 
(VII, IX. and VIII) which, upon treatment with the neutral alumina, 
regenerated 11, IV, and V. respectively. Thus, I1 was the common 
intermediate for IV and V in the reaction of I with hydrogen chlo- 
ride-chloroform and neutral alumina. The conversion of IV to its 
intermediate [11,13-dihydro-l3-chloro-lcpiallohelenalin (IX)] with 
hydrogen chloridechloroform and the complete recovery of the 
starting material (IV) with neutral alumina were also observed. 
Treatment of I with concentrated hydrochloric acid afforded 2,3-di- 
hydro-2<hlorohcknalin (X). Compound X was also readily con- 
verted to I upon treatment with either neutral alumina or water. 
Further reaction of I with deactivated neutral alumina in chloro- 
form led to the direct formation of 11. The structures of these com- 
pounds were assigned on the basis of chemical as well as spectral 
evidence. The mode of formation of these compounds was also pos- 
tulated. 


Keyphrucs 0 Helenalin-reaction with hydrogen chloridbchloro- 
form, identification of products and intermediates, mechanism of 
formation 0 Sesquiterpene lactones-reaction of helenalin with 
hydrogen chloride-chloroform, identiAcation of products and in- 
termediates 0 Hydrogen chloride-reaction with helenalin, identi- 
fication of products and intermediates, mechanism of formation 


The conversion of helenalin (I) to a mixture of mex- 
icanin A (11) and neohelenalin (111) by treatment with 
hydrogen chloridechloroform was previously reported 
(1-3). In connection with the study of the structure- 
activity relationship among the helenalin-related ses- 
quitcrpene lactones for cytotoxic or antitumor activity 
(4-6), this reaction was repeated; the chemical as well 
as spectroscopic data on the resulting products pro- 
vided some interesting information on their structures 
and the mode of their formation. 


When helenalin (I) was dissolved in anhydrous chloro- 
form saturated with hydrogen chloride at room tem- 
perature and the resulting products were chromato- 
graphed on deactivated neutral alumina according to 
Herz et 01. (l), the expected mexicanin A (11) was ob- 
tained in 25 % yield as reported (1) ; but instead of neo- 
helenalin (111)' accompanying 11, traces of l-epiallo- 
helenalin (IV) and a new compound, an oxide (V), iso- 
lated in 5 %  yield, were obtained. However, these com- 
pounds (11, IVY and V) were not obtained before the 
treatment of the reaction products with neutral alumina. 
This finding will be covered later. 


IAnalysis of the crude reaction mixture in high concentration by 
NMR rpcctroacopy revealed the abmce of an detectable vinyl methyl 
protons in the h a  field region (1.60 - 2.18). Neohelenalin was re- 


orted to show a vinyl methyl group at C 2  as a doublet at 1.68 (J - 2) 
?I>. 


DISCUSSION 


Compound V, m.p. 188-190". had the composition CldI10, and 
showed a molecular ion peak at m/e 262 in the mass spectrum. Com- 
pound V revealed IR bands at 1760 and 1655 cm.-l and a pair of 
low-field doublets in the NMR spectrum at 6.29 (IH, J .p 3), and 
5.61 (lH, J = 3). This is characteristic of a y-lactone conjugated with 
an exocyclic methylene grouping, a feature common to helenalin (I) 
and mexicanin A (10. The NMR spectrum of V showed the lactonic 
proton at C 8  as a multiplet at 4.60. Two methyl groups at C-10 and 
C-5 in V were seen as a doubkt at 1.18 (3H, J 5: 6) and a sharp 
singlet at 1.07 (3H), respectively. The presence of a cyclopentanone 
rhg system in V was first suggested by the appearance of a strong 
IR band at 1740 cm.-I and substantiated by the absence of the 
characteristic conjugated cyclopentenone olehic protons. 


The IR spectrum of Compound V taken in mineral oil showed the 
absence of a hydroxyl group. This was further confirmed by the fact 
that V could not be acetylated with acetic anhydride in pyridine. 
This evidence, coupled with the fact that the empirical formula of 
Compound V (CIJ~ICOC) was identical with those of helenalin and 
mexicanin A, would indicate that the remaining fourth oxygen must 
form an oxide ring. Models show that one of the two possible struc- 
tures, V or VI, can be assigned to this compound*. The former is 
regarded as the most likely because the signal for the proton at H-2 
in Structure V appeared as a multiplet at 4.76, and it would k ex- 
pected to move further downfield if Structure VI is assigned since 
H-3 in VI is adjacent to the C-4 utrbonyl group. The upfield shift of 
the oxide proton at C 6  (3.79, lH, d, J = 5.3) in V, compared with 
that in the NMR spectrum of helennlin (I) in which the H-6 signal 
appeared at 4.45 (1H. d, J = 4.9, might be due to the anisotropic 
effect of the a-methykne grouping of the 7-lactone. 
The foregoing evidence suggests the assignment of Structure V 


with complete stereochemistry for the oxide. 
The other product besides I1 and V in this reaction of I with hy- 


drogen chloridechloroform and neutral alumina was the lcpiallo- 
heknalin (IV). This compound was obtained in only about 2 x  yield 
and was shown to be identical with the major product obtained by 
the treatment of I with hydrogen chloride-methanol as reported 


As already mentioned, during the action of hydrogen chloride- 
chloroform on heknalin, it was found that the initial reaction prod- 
ucts prior to chromatography on neutral alumina were not mexi- 
canin A (LI), l-epiallohelenalin (IV), and the oxide (V). They were 
mainly the new intamdiates that resulted from the addition of 
hydrogen chloride to the exocyclic methylene grouping of the y-lac- 
tone. These observations were veri6ed by the fact that the interme- 
diates were obtained in almost quantitative yield and showed the 
characteristic isotopic molecular ions at m/e 298 and 300 
(CI'HIPC~O, and CI,HIPC~O,) in the ratio of approximately 3 : 1, 
indicating the incorporation of 1 mole of hydrogen chloride into the 
molecule. These intamediates have proven to be elusive as far as 
separation is concerned*, but their isolation as a mixture (likely 
Compounds VII, VIII, and IX) was easily achieved by silica gel 
chromatography. The NMR spectrum of this mixture further con- 
firmed the absence of the characteristic pair of low-field doublets 
which corresponds to  the a-methykneq-lactone grouping. Treat- 
ment of mexicanin A (11) with hydrogen chloride-chloroform in a 
manner similar for helenalin (I) gave reaction products whose NMR 
spectrum was completely identical with the one obtained from the 


previously (3). 


* Dreidin models indicate that the formation of such an oxide rkg 
between &and C-2 or C-3. as shown rn V or VI. requlres the mvcrsion 
of the asymmetric center at C-I of helenalim. No other oxygen bridip 
could be constructed when H-1 is in an a disposition. As shown m 
StructureV, the oxide bndge involved C 6  a. C 2  a bonds. 


stable and tended to generate mexi- 
canin A gradually upon prolong3 sitting at room temperature. 


* T h a  mixturcd wcrc not v 
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reaction of I with hydrogen chloride-chloroform and yielded prod- 
ucts 11, IV, and V upon chromatography on neutral alumina. 


In conclusion, the results obtained indicate that mexicanin A (11) 
is the common intermediate for the l-epiallohelenalin (IV) and the 
oxide (V) in the reaction of helenalin with hydrogen chloride- 
chloroform and neutral alumina (Scheme I). 


Similar treatment of I-epiallohelenalin (IV) with hydrogen chlo- 
ride-chloroform led to the formation of the corresponding hydro- 
gen chloride adduct of the a-methyleney-lactone grouping (IX) in 
quantitative yield. Compound IX, m.p. 234-236", analyzed for 
CIJ-IH18C104r showed a molecular ion peak at m/e 298 along with an 
isotopic ion at m/e 300. The NMR spectrum of IX showed the dis- 
appearance of the characteristic exocyclic methylene protons and 
the generation of a new two-proton multiplet at 3.80, attributable to 
the protons attached to chlorine atom. Compound IX regenerated 
IV upon treatment with neutral alumina. 


Reaction of helenalin (I) with concentrated hydrochloric acid 
elaborated 2,Edihydro-2-chlorohelenalin (X) in quantitative yield. 
The following evidence supported Structure X for this reaction 
product: the presence of the isotopic molecular ions at m/e 298 and 
300 in the mass spectrum, the absence of signals corresponding to 
the olefinic protons at C-2 and C-3 as found in I, and the presence of 
the well-defined pair of low-field doublets ascribed to the ylactone 
a-methylene protons in the NMR spectrum. Further treatment of X 
with neutral alumina or water led to the complete recovery of I. 
Further reaction of I with deactivated neutral alumina in chloroform 
led to the direct formation of I1 in 15z yield. 


The formation of I1 and V can be accounted for by the mechanism 


postulated in Scheme I1 in which alumina is considered to act as a 
Lewis acid. 


EXPERIMENTAL' 


Helenalin (I) was obtained from extracts of either Helenium micnt 
cephalum or Balduina anguslifolia as previously reported (4. 7). 
Treatment of Helenalln (I) with Hydrogem Cbloride-chloroform: 


Compounds W, MII, and IX-This reaction was carried out in the 
same manner as that reported in the literature (1); i.e., a solution of 
helenalin (1 g.) in anhydrous chloroform saturated with hydrogen 
chloride (35 ml.) was allowed to stand at  room temperature over- 
night. The mixture was further refluxed for 30 min.. and the product 


4 Melting points were determined on a Thomas-Hoover mdthg-point 
apparatus and are corrected. Unless otherwise specified. IR spectra 
were determined in mineral oil mulls with a Petkin-Elmer 257 grating 
IR spectro hotometer. NMR spectra were measured in CDClr with a 
Jeolco C 6BHL NMR spectrometer. using tetramethylsilane as an inter- 
nal standard. All chemical shifts were reported in b ( pm.) values and 
the coupling constants were reported in hertz values. kgnals are charac- 
terized in the usual way: s. singlet; d. doublet; t. triplet; quartet, and 
m, multiplet. Mass spectra were determined on an A.E?. MS-902 in- 
strument at 70 ev. using a direct inlet s stem. Silica gel for column 
chromatogra hy refers to Baker A.R. No. $405, and silica gel for TLC re- 
fers to MercE silica gel G developed with chloroform-acetone (3 : 1) 
and visualized by s rayinp with concentrated sulfuric acid and heating. 
Deactivated neutrafalurmna for column chromatoqraphy refers to neu- 
tral alumina AG-7 (100-200 mesh). Bio-Rad. activit grade 111. Ele- 
mental analyseswereperformed by Atlantic Microlab, %c., Atlanta, Ga. 
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was washed with 5 sodium hydroxide, washed with water, dried 
over anhydrous sodium sulfate, and evaporated in wcuo to yield a 
brown syrup. The syrup showed the characteristic isotopic molecu- 
lar ions at m/e 298 and 300 as described in the text. It was chromato- 
graphed on silica gel (1.3 X 30 cm.) activated at  120" and impreg- 
nated with 10% of water using n-hexane-benzene (1 :1), benzene, 
and ethyl acetate as the developing solvents, successively. Thirty- 
one 25-ml. fractions were collected, and the composition of the frac- 
tions was determined by examining thin-layer chromatograms. 
The first hexane-benzene (1 : I )  eluate (fractions 1-19) yielded, 
after evaporation of the solvent, a colorless oil (380 mg.), which 
appeared as a single fast moving spot. The NMR spectrum 
of this substance indicated that this was a mixture of the hydrogen 
chloride adducts, i.e.. Compounds VII. VIII, and IX . The subse- 
quent benzene (fractions W26) (180 mg.) and ethyl acetate (frac- 
tions 27-31) (400 mg.) eluates all contained a mixture of mainly the 
above-mentioned, fast moving spot and traces of others, and they 
were not investigated further. 


Treatment of Heknalh (I) witb Hydrogem chlaride-chlorofom 
and Deactivated Neutral Alumina--The brown syrup obtained from 
the repetition of the above experiment with I (1 g.) and hydrogen 
chloride-chloroform (35 ml.) was chromatographed on deactivated 
neutral alumina (1.5 X 25 cm.). Elution was effected in 2-ml. frac- 
tions with benzene, benzene-chloroform. chloroform, and acetone. 


The Oxide (V)-The first benzene eluates (fractions 1-10) afforded, 
after evaporation of the solvent, a crystalline residue. This residue 
was recrystallized from dichloromethane-abute ethanol to give V 
as colorless needles (50 mg., S % ) ,  m.p. 188-190". The relevant (IR, 
NMR, and mass) characteristics have been described in the text. 


Anul.--Calc. for CI~IIIO,:  C, 68.68; H, 6.92. Found: C, 68.46; 
H. 7.01. 


Mexiconin A (11)-The subsequent benzene-chloroform (1 :1) 
and chloroform eluates (fractions 11-25) provided a crystalline ma- 
terial, which was recrystallized from acetone+.ther to  furnish I1 as 
colorless prisms (250 mg., 25x), m.p. 140-142' Ct. (1) m.p. 138- 
140" (acetone-ether)]. The 1R spectrum of I1 was identical with that 
of mexicanin A as described in the literature (1). The NMR spec- 
trum exhibited signals at  1.21 (3H. s, CS CHI), 1.32 (3H, d, J = 6, 


5.89 (lH, q,J = 3.8, 1.5, H-2), 6.02 (lH, d , J  = 3, H-13), and 6.35 
(lH, d , J  = 3, H-13) and was in complete agreement with the indi- 
cated structure (II), i.e., mexicanin A. 


I-Epiallohelendin (IV)-The final acetone eluates (fractions 
26-39) gave an oily residue, which was seeded with one crystal of 
l-epiallohelenalin obtained from the treatment of helenalin with 


C-lOCH,),3.59(1H,d,J=7.5,H-6),4.67(1H,dt,J= 3,8.3,H-8), 


hydrogen chloridbmethanol (q.v.). The colorless crystals which 
formed were collated and recrystallized from dichloro- 
ether to yield 20 mg. of IV, m.p. 179-380". The identity of IV was 
established by direct comparison with an authentic sample of lcpi-  
allohelenalin by mixed melting point, TLC, and supaimposable IR 
and NMR spectra. 


Attempted Acetylotioa of Oxide (-A solution of V (35 mg.) in 
acetic anhydride-dry pyridine (2: 1) (0.5 ml.) was kept at room tem- 
perature overnight. The product, recovered by working up the re- 
action mixture in the usual way. was the unchanged starting material 
(33 mg.). 


Treatmat of Mexicanin A (II) witb Hydrogea ChlOrldbchW 
form and Deactivated Neutral Ahrmiacl: Compounds W, MI,  and 
IX and Compamdo II, V, and N-Compound I1 (300 me.) was 
treated with anhydrous chloroform saturated with hydrogen chlo- 
ride (1 5 ml.) in an analogous manner as that for heknalin, furnishing 
a brown oily residue. The residue was identitied as the mixture of 
Compounds MI, VIII, and IX by their superimposable NMR spectra 
in comparison with the reaction products of helenalin and hydrogen 
chloride4doroform already described. The oily residue was chro- 
matographed on deactivated neutral alumina (1.5 X 12 cm.). Elu- 
tion with bcnzene (20 ml.) afforded V (30 mg., 10%). Elution with 
benzene and chloroform-ether (1: 1) (25 ml.) yielded I1 (180 mg., 
60Z). Elution with chloroform-ether (1:2) (20 ml.) gave IV (18 
mg., 6x1. 


Treatment of I-EpiaIl- 0 with Hyclrooen Chloride- 
Chloroform: 11,13-,Mbydro-lS-chIoro-l.epI~n m o m -  
pound IV (100 me.) was treated with anhydrous chlorofonn-hydro- 
gen chloride ( 5  ml.) in an analogous manner as described for hel- 
enalin. The oily residue resulting from the nmoval of solvent crystal- 
lized upon trituration with a small amount of anhydrous ether. 
Recrystallization from dichloromethanc-cthec gave IX as white 
crystals in quantitative yield, m.p. 234-236' dec. The IR bands were 
at 3420 (OH), 1775 (saturated 7-lactone), 1690, and lSW(cyclopen- 
tenone) cm.-I. The NMR spectrum exhibited signals at 1.22 (3H, 
d,  J = 6.8, C-10 CHI), 1.38 (3H, S, C S  CHI), 3.80 (2H, m, CHG), 
4.05(1H,m,H-8),4.77(1H,d,J== 8,H-6),6.33(1H,dd.J- 6,2.3, 
H-3), and 7.82(1H, d d , J  = 6,2.3, H-2). 


And-CaIc. for CIXIBCIO,: C, 60.29; H, 6.41. Found: C, 60.25; 
H, 6.51. 


belenalin (MI and Neutral Ahmina-Chromatography of I X  (20 
me.) on deactivated neutral alumina (1.2 X 7 cm.) and elution with 
chloroform d o r d e d  IV as colorless needles in quantitative yield: 
Compound IV showed undepressed melting point on admixture of 
an authentic sample, and their IR and NMR spectra were identical. 


Treatment of HdemaIh (I) witb Concsatrpted Hydncbloric Add: 
2,3-Dibydro-2.chladdealin (+A solution of I (100 me.) in 
concentrated hydrochloric acid (I ml.) was heated at  40" for 5 mh.  
The colorless crystalline product that deposited was f i h c d  and dried 
to give quantitative yield of X, m.p. 134-135" dec. Pt. (3) m.p. 143- 
145" dec.]. Compound X showed IR bands at 3480 (OH), 1765 (sh), 
1752, 1650 (a-methylene-r-lactone), and 1735 (cyclopentanone) 
cm.-l. Compound X also displayed NMR (dimethyl sulfoxide-dr) 
signalsatO.87(3H,s,C-5CHa),l.l5(3H,d,J= 6,C-lOCHI),5.86 


Helenalin (I) from 2,3-Dhydr0-2-drlorobeleaaHn (X)-Chro- 
matography of X (50 me.) on deactivated neutral alumina (1.7 X 7 
cm.) with elution with acetone (50 ml.) recovered I quantitatively. 
Compound I was also obtained by extraction of X with water and 
chloroform. The chloroform extract was dried and evaporated to 
yield a crystahne residue, which was recrystallized from benzene- 
ether to give I as colorless needles, m.p. 17G172O. The IR spectrum 
of this compound was identical with that of helenalin. 


Treatnent of Heleanlln (I) with Deactivated NmW Alumina-: 
Mexicanin A (&A solution of I (70 mg.) in chloroform (5 ml.) was 
added to  deactivated neutral alumina (1 g.). The reaction mixture, 
after standing at room temperature for 3 days with occasional shak- 
ing, was filtered and evaporated to  yield an oil'. Preparative TLC on 
silica gel' furnished mexicanin A (11) (10.5 mg., 15z). mp.  140- 
142", identical (IR and mixed melting point) with an authentic sam- 
ple, and unreacted I (43 me.). 


l-Epiall~bde~Wh (IV) from 11,13-Dihydrol3-chl0?0-1-ephlb 


( lH,d,J 3.H-13).and6.19(1H,dSJ m 3,H-13). 


6 Examination of this oil by TLC revealed the absence of Compounds 


9 Merck silica gel GP-254 with chloroform-acetone (3 : 1). 
IV and V. 
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Quantitative Fluorometric Determination of 
Pancreatic Lipase in Pharmaceuticals 


S. S. WAGLE' and D. G. HOUSE 


Abstract 0 A rapid and reliable assay for pancreatic lipase is 
described. The method utilizes microquantities of enzyme and a 
fluorescent substrate. Among the many fluorescent substrates 
available, 4methylumbelliferone laurate was chosen as the most 
suitable for this method. The rate of hydrolysis at different enzyme 
levels was determined at 25". Interference due to nonspecific es- 
terases and the effect of some pharmaceutical agents were evaluated. 
The fluorometric assay procedure was compared to the NF XI11 
potentiometric method, Pancreatic lipase in concentrations as lbw 
as 0.15 N F  unit of activity could be detected. Various com- 
plex pharmaceutical preparations were compared using the fluoro- 
metric and the potentiometric methods, The fluorometric procedure 
was found to be reproducible and useful in determining content 
uniformity. 


Keyphrases u Pancreatic lipase-quantitative fluorometric deter- 
mination in pharmaceuticals 0 Fluorometry-quantitative deter- 
mination of pancreatic lipase in pharmaceuticals 0 Enzymes, 
pancreatic lipase-quantitative fluorometric determination in 
pharmaceuticals 


For many years, pancreatic enzymes have been used 
as digestive aids. A number of pharmaceutical prepara- 
tions contain pancreatic enzymes alone or in combina- 
tion with other therapeutic agents. Many assay proce- 
dures have been devised to determine the potencies and 
activities of the lipolytic enzymes in these preparations. 
Aldridge (1) first described a manometric method uti- 
lizing carbon dioxide liberation from bicarbonate buffer 
to detect lipases in biological extracts. However, titri- 


metric measurement of acid liberation from natural 
fats was found to be more convenient (2, 3). Over the 
years, this procedure has been greatly modified and re- 
fined to improve its reliability and reproducibility (4). 
The potentiometric titration method, although reliable, 
is cumbersome and time consuming for routine analysis. 
This procedure also lacks the versatility needed for 
testing complex pharmaceutical preparations and as- 
certaining content uniformity. 


Fluorometric procedures have a distinct advantage 
over other methods in that they are very sensitive. For 
a number of years, biochemists and clinical chemists 
detected minute amounts of esterase in microorganisms 
by utilizing fluorogenic substrates such as l-naphthyl 
esters (5) .  Most fluorometric procedures for hydrolytic 
enzymes involve hydrolyzing a nonfluorescent sub- 
strate to a highly fluorescent product. l-Naphthyl phos- 
phate, a nonfluorescent substrate, is readily hydrolyzed 
by the enzymes, acid phosphatase and alkaline phospha- 
tase, producing the free fluorescent product, l-naphthol, 
which is then measured quantitatively by the fluoromet- 
ric method. Similarly, umbelliferone and Cmethylum- 
belliferone are highly fluorescent compounds while their 
ester derivatives are nonfluorescent. These derivatives 
are ideal substrates for many enzymes (6). Recently, 
a number of investigators (6-8) reported new deriva- 
tives of fluorescein and 7-hydroxy-Cmethylcoumarin 
to detect and locate minute quantities of lipase in plants 
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Quantitative Fluorometric Determination of 
Pancreatic Lipase in Pharmaceuticals 


S. S. WAGLE' and D. G. HOUSE 


Abstract 0 A rapid and reliable assay for pancreatic lipase is 
described. The method utilizes microquantities of enzyme and a 
fluorescent substrate. Among the many fluorescent substrates 
available, 4methylumbelliferone laurate was chosen as the most 
suitable for this method. The rate of hydrolysis at different enzyme 
levels was determined at 25". Interference due to nonspecific es- 
terases and the effect of some pharmaceutical agents were evaluated. 
The fluorometric assay procedure was compared to the NF XI11 
potentiometric method, Pancreatic lipase in concentrations as lbw 
as 0.15 N F  unit of activity could be detected. Various com- 
plex pharmaceutical preparations were compared using the fluoro- 
metric and the potentiometric methods, The fluorometric procedure 
was found to be reproducible and useful in determining content 
uniformity. 


Keyphrases u Pancreatic lipase-quantitative fluorometric deter- 
mination in pharmaceuticals 0 Fluorometry-quantitative deter- 
mination of pancreatic lipase in pharmaceuticals 0 Enzymes, 
pancreatic lipase-quantitative fluorometric determination in 
pharmaceuticals 


For many years, pancreatic enzymes have been used 
as digestive aids. A number of pharmaceutical prepara- 
tions contain pancreatic enzymes alone or in combina- 
tion with other therapeutic agents. Many assay proce- 
dures have been devised to determine the potencies and 
activities of the lipolytic enzymes in these preparations. 
Aldridge (1) first described a manometric method uti- 
lizing carbon dioxide liberation from bicarbonate buffer 
to detect lipases in biological extracts. However, titri- 


metric measurement of acid liberation from natural 
fats was found to be more convenient (2, 3). Over the 
years, this procedure has been greatly modified and re- 
fined to improve its reliability and reproducibility (4). 
The potentiometric titration method, although reliable, 
is cumbersome and time consuming for routine analysis. 
This procedure also lacks the versatility needed for 
testing complex pharmaceutical preparations and as- 
certaining content uniformity. 


Fluorometric procedures have a distinct advantage 
over other methods in that they are very sensitive. For 
a number of years, biochemists and clinical chemists 
detected minute amounts of esterase in microorganisms 
by utilizing fluorogenic substrates such as l-naphthyl 
esters (5) .  Most fluorometric procedures for hydrolytic 
enzymes involve hydrolyzing a nonfluorescent sub- 
strate to a highly fluorescent product. l-Naphthyl phos- 
phate, a nonfluorescent substrate, is readily hydrolyzed 
by the enzymes, acid phosphatase and alkaline phospha- 
tase, producing the free fluorescent product, l-naphthol, 
which is then measured quantitatively by the fluoromet- 
ric method. Similarly, umbelliferone and Cmethylum- 
belliferone are highly fluorescent compounds while their 
ester derivatives are nonfluorescent. These derivatives 
are ideal substrates for many enzymes (6). Recently, 
a number of investigators (6-8) reported new deriva- 
tives of fluorescein and 7-hydroxy-Cmethylcoumarin 
to detect and locate minute quantities of lipase in plants 
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Table [-Relative Fluorescence of Fluorogenic Substrates 
and Their Hydrolysis Products 


Fluorescence Values: 
1 X 10-' M Sduhons 
in pH 9.0, 0.05 M 


Wavelength. -Phosphate Buffer- 
--nm.- Hydrol- Product/ 
Exci- Fluo- Sub- ysls Substrate 
tation rescence strate Product Ratio 


Fluorescein dibutyrate 493 570 11 951 86.5 
4Methylumbelliferone 380 450 29 397 13.7 


1-Naphthyl acetate 335 450 11 26 2.36 
laurhte 


Table II--Effects of Pharmaceutical Agents on Pancreatic 
Lipase-Catalyzed Hydrolysis of Fluorescein Dibutyrate 
and 4Methylumbelliferone Laurate 


-Relative Hydrolysis Rate, nmoles/min.- 
DiFtyl 
Sodium 


Sodium Sulfo- 1-Hyo- 
Tauro- suc- scyamine 


Control" c h o l a e  cinatec Sulfated Trypsin' 


Fluorescein 19.0 19.15 73.4 1.8 15.9 


4Methyl- 42.83 43.0 44.1 43.6 13.5 
dibutyrate 


umbelliferone 
laurate 


Control experiment contained 0.3 NF unit of lipase standard. 
6 Sodium taurocholate, 5 mg./ml. 5 Dioctyl sodium sulfosuccinate. 
25. mcg./mI. d Hyoscyamine sulfate, 50 ng./ml. Trypsin. 1.2 NF 
units. 


and biological fluids. The suitability of the fluorogenic 
substrates for quantitative analysis of pancreatic lipase 
in pharmaceutical preparations has not been investi- 
gated. 


This paper reports a systematic study of some fluoro- 
genic substrates and a simple fluorometric assay proce- 
dure for rapid and quantitative determination of lipase 
in pharmaceutical preparations. 


EXPERIMENTAL 


Apparatus-The rate of hydrolysis of the fluorogenic substrate is 
measured as the rate of increase in fluorescence and is simulta- 
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Figure 1-Relatiw hydrolysis rates of fluorogenic esters catalyzed by 
pancreatic lipase. Key: A ,  fluorescein dibutymte; B, 4-methylwn- 
belliferone laurate; and C, I-naphthyl acetate. 
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Figore 2-Lipolysis of 4-metHylrunbelliferne laumte. Incubation 
mixture contained 5 X 10-8 mde of substrate and varying amounts 
of pancreatic lipare standard. Key: A, 0.6 NF unit; B, 0.45 NF 
unit; C, 0.30 NF unit; and D, 0.15 NF unit, in a total volume of 
5 ml. of 0.05 M phosphate b d e r ,  p H  9.0, at 21". 


neously recorded by a fluorometerl with a recorder attachment. 
Clear fused Pyrex glass cells (10 X 10 X 65 mm.) were used as 
reaction vessels, and the instrument supplier's slit arrangement No. 1 
was used throughout the work. The excitation and fluorescent 
wavelengths used for various Substrates are listed in Table I. 


Reagenta and Cbemicals--Stock solutions (1 X lo-* M) of 1- 
naphthyl acetate'. fluorescein dibu tyratea, and Cmethylumbellif- 
erone laurate' were prepared in 2-methoxyethario14. These stock 
solutions are stable for at least 1 year when froten. A fresh wdrking 
solution (1 X 10-6 M) was made by diluting 1 ml. of the stock solu- 
tion to 1 1. with 0.05 M disodium hydrogen phosphate buffer, pH 
9.0, 


Semples-At least 20 capsules (or tablets] were emptied into a 
beaker and mixed well, and a quantity equivalent to one capsule 
content was accurately weighed into a beaker and mixed thor- 
oughly with 2-3 drops of glycerin. When the contents werk thor- 
oughly wet, 25 ml. of phosphate buffer (0.05 M) was added. The 
mixture was stirred for 5-10 min., quantitatively transferred into 
a centrifuge tube, and spun at 3OOOXg for 10 mih. The wpernatant 
liquid was trarlsferred into a suitable flask and diluted with phos- 
phate buffer to obtain a desired concentration of lipase activity. 


Standard Solu t ioa4ne  hundred milligrams of the N F  pancreatin 
reference standard (for protease and lipase activity) was accurately 
weighed and was treated in the same manner as the sample to ob 
tain a desired concentration. 


Other Pharmaceutical Agents-Dioctyl sodium sulfosuccinate 
USP, hyoscyamine sulfate NF, sodium taurocholate NF, and t ryp  
sina were either dissolved or suspended in 0.05 M phosphate buffer, 
pH 9.0. 


1 Model 1 1 1 .  G .  K. Turner. 
2 Eastman Kodak Co. 
a Nutritional Biochemicals Cleveland, Ohio. 
4 Aldrich Chemical Co., Mhwaukee. Wis. 
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Figure SRepnsen ta t fw  standard curve for pancreatic Iipaw by 
NF method. 


RoceduffEnzymatic reactions were conducted at 25' in the 
fluorometer cells. The reaction mixture contained 1 ml. of the 
substrate (1 X 10-6 M), with or without inhibiting or potentiating 
agents, and variable amounts of lipase (between 0.2 and 0.6 NF 
unit of activity per assay) in a total volume of 5 ml. The cell was 
placed immediately in a fluorometer, and the increase in fluorescence 
was recorded for the next 5-7 min. The rate of hydrolysis was cal- 
culated from the slope of the curve. For comparison, the potentio- 
metric assay for lipase was performed as described in the second 
supplement of NF XI11 (4). 


RESULTS AND DISCUSSION 


The effects of tempernture and pH on lipolysis of fluorogenic 
substrates have been extensively studied by several investigators 
(6, 7, 11). In the present investigation, the hydrolytic reaction was 
conducted in phosphate buffer at pH 9.0 to reduce the possible 
deactivation of lipases by proteolytic enzymes which may be present 
in the formulations. No special precautions were necessary to con- 
trol the cell temperature since the study indicated that the tempera- 
ture of the reaction mixture varied less than a degree during the 
entire procedure. 


Three fluorogenic esters were investigated as possible lipase sub- 
strates. Several important criteria, such as substrate sensitivity and 
specificity and enzyme inhibition and potentiation by pharmaceu- 
tical agents normally employed in the enzyme preparations, were 
tested and evaluated. To demonstrate hydrolysis at a very low 
enzyme concentration, the substrate should possess a relatively high 
fluorescence after hydrolysis. Table I shows the relative fluorescence 
of the three prospective fluorogenic substrates and their hydrolysis 
products. All fluorogenic substrates tested were hydrolyzed by 
lipase; however, fluorescein dibutyrate and 1-naphthyl acetate 
produced the highest and the lowest fluorescence, respectively, after 
hydrolysis and the latter exhibited the lowest hydrolytic rate (Fig. 
1). 


Table IIl-Comparative Analysis of Commercial Preparations 
by NF Method and Fluorometric Method" 


Product N F  Method Fluorometric Method' Variation, 


A 16.49 16.8 f 0.28 1.87 
B 14.69 15.0 f 0.40 2.11 
C 20.80 22.2 f 0.44 6.73 


a Assay values presented in NF units. * Mean of at least six deter- 
minations. 
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pleure 4-Representatiw standard curve for pancreatic lipase by 
fluorometric method. 


It is imperative that minute quantities of pharmaceutical agents 
and excipients employed in the formulation have a minimal effect 
on the lipolysis of the substrate. The effects of some pharmaceutical 
agents and other interfering enzymes are summarized in Table 11. 


Trypsin is found in significant amounts in pancreatic extracts 
and possesses high esterase activity. Many substrates used in fluoro- 
metric assays are nonspecific and are hydrolyzed by both esterases 
and lipases. Therefore, a substrate that is specific for lipase will 
have a distinct advantage. Experiments revealed that fluorescein 
dibutyrate was readily hydrolyzed by both trypsin and lipase. 4- 
Methylumbelliferone laurate, on the other hand, was specifically 
hydrolyzed by lipase and was least affected by trypsin (Table 11). 
Some pharmaceutical and medicinal agents exhibit biological 


activity by virtue of their potentiating or inhibiting actions on 
enzyme catalysis (9). Bile salts and other surfactants are commonly 
used to enhance lipolysis of olive oil or other fatty esters (10). The 
data, however, indicate that sodium taurocholate had no potentiat- 
ing effect on the rate of hydrolysis of fluorescein dibutyrate or 
Cmethylumbelliferone laurate. Another potent surfactant, dioctyl 
sodium sulfosuccinate, at 25-mcg./ml. concentration, enhanced the 
lipolysis of fluorescein dibutyrate 4OOx, but no such effect could be 
demonstrated on the hydrolysis of Cmethylumbelliferone laurate. 
Belladonna alkaloids, particularly hyoscyamine sulfate, are fre- 
quently formulated in combination with digestive enzymes. Hyoscy- 
amine sulfate inhibited the enzymatic hydrolysis of fluorescein 
dibutyrate but had no apparent effect on the hydrolysis of 4- 
methylumbelliferone laurate. The data summarized in Table I1 
clearly suggest that Cmethylumbelliferone laurate is a preferable 
substrate for fluorometric determination of lipase. 


Figure 2 shows a typical continuous recorder tracing of hydrolysis 
of Cmethylumbelliferone laurate at different concentrations of N F  
lipase standard. The slope of the curve thus represented the rate 
of hydrolysis. This, when plotted against the concentration of 
enzyme, provided a standard curve for quantitative estimation of 
lipase. Using the N F  lipase standard, comparisoh was made of the 
rates of hydrolysis obtained by the N F  method and the fluorometric 
method. The data show that essentially the same linear rate was 
obtained using either method (Figs. 3 and 4). The fluorometric 
method. however, was 10-20 times more sensitive than the potentio- 
metric procedure. 


Comparative analyses were conducted on commercial prepara- 
tions using potentiometric and fluorometric methods. All products 







tested contained, in addition to lipases, other hydrolytic enzymes of 
pancreatic, plant, or microbial origin mixed with lactose and smalls 
quantities of lubricants. The data were analyzed statistically, and 
excellent agreement between the two methods was observed (Table 
111). The reproducibility of the method was evaluated by per- 
forming repeated analysis of the same enzyme solution. The preci- 
sion of the method was determined from the variability obtained 
upon repeated analysis of lipase standard or samples. A standard 
deviation of 0.76, with a coefficient of variation of 3.05%, was ob- 
tained. 


CONCLUSION 


The advantages of a fluorometric procedure are many. In con- 
trast to earlier methods, the fluorometric assay is more sensitive 
and requires smaller amounts of substrate and enzyme. The lipolytic 
measurements can be made at such a great dilution that interfering 
enzymes and other excipients are frequently diluted out. 4-Methyl- 
umbelliferone laurate was found to be a most suitable substrate for 
the fluorometric assay, because it was unaffected by a number of 
pharmaceutical agents and enzymes tested. 


The method shows a high degree of precision and accuracy. The 
procedure is simple and requires little preparation. The substrate 
is stable under the experimental conditions and can be stored frozen 
for long periods. The method m a y  be valuable in determining con- 
tent uniformity of pharmaceutical preparations containing lipase. 


REFERENCES 


(1) W. N. Aldridge, Biochem. J.,57,692(1954). 


(2) E. Schphheyder and K. Volqvarts, Biochim. Biophys. Acta, 


(3) E. A. Lazo-Wasem. J. Pharm. Sci., 50,999(1%1). 
(4) “Second Supplement to the National Formulnry,” 13th ed., 


(5 )  D. W .  Moss, Clin. Chim. Acru, 5,283(1960). 
(6) D. N. Kramer and G. G. Guilbault, Anal. Chem., 35, 588 


6,147(1950). 


Mack Publishing Co., Easton, Pa., 1971. p. 1076. 


I1 9631. .-- -- 
(6-G. G. Guilbault and D. N. Kramer, A d .  Biochem., 14, 


w1966). 
.(8) T. J. Jacks and H. W. Kircher, ibld., 21,279(1%7). 
(9) C. C. Porter and C. A. Stone, Ann. Rev. Pharmacd., 7 ,  


(10) A. M. Seligman and M. M. Nachlas, J. Clin. Inwst., 29, 


(11) S.  Udenfriend, in “Fluorescence Assay in Biology and 


15(1%7). 


31(1950). 


Medicine,” Academic, New York, N. Y., 1%2, p. 483. 


ACKNOWLEDGMENTS AND ADDRESSES 


Received September 13, 1972, from the Research Department, 
Kremers-Urban Co., Milwaukee, WI 53201 


Accepted for publication January 24,1973. 
Presented to the Pharmaceutical Analysis and Control Section, 


APHA Academy of Pharmaceutical Sciences, Houston meeting, 
April 1972. 
A To whom inquiries should be directed. 


Sensitive Colorimetric Determination of Isoniazid 


HENRY S. I. TAN 


Abstract 0 A sensitive colorimetric method was developed for the 
assay of isoniazid. The method is based on measuring the absorb- 
ance at 467 nm. of the orangecolored product produced by the in- 
teraction of isoniazid with 7chloro-4-nitrobenzo-2-oxa-1,3-diazole 
in the presence of sodium tetraborate in absolute methanol. The 
Beer-Lambert law was obeyed over the concentration range of 0.3-5 
mcg./ml, and the color was stable for at least 90 min. The coefficient 
of variation as determined on nine replicate samples containing 2 
mcg. isoniazidlml. was 0.87%. Applied to the assay of isoniazid tab- 
lets and syrups, the method gave results comparable to  those ob- 
tained by the USP XVIII method. It also afforded improvements 
in sensitivity, ease, and speed over the official method. It was es- 
tablished that the major metabolites of isoniazid (acetylisoniazid and 
isonicotinic acid) produced no color with the reagent under the pro- 
posed experimental conditions. 


Keyphrases 0 Isoniazid-colorimetric analysis, compared to com- 
pendial method 0 Colorimetry-analysis. isoniazid, compared to 
compendial method 


Isoniazid (isonicotinyl hydrazine, I) is a remarkably 
effective drug which is now considered a primary drug 
for the chemotherapy of tuberculosis. It is not surpris- 
ing that the determination of this drug has been, and is 
still, the subject of much investigation (1, 2). The need 
for further investigation is evidenced by the fact that 


many of the assay procedures reported appear not to be 
very satisfactory. For example, the current official assay 
method for isoniazid employs an iodometric titration 
in the presence of sodium bicarbonate (3). This method, 
originally developed by Canback (4), involves a slow 
reaction; 90 min. is needed for the completion of the 
reaction before a back-titration of the excess iodine can 
be performed. In addition, at several stages during the 
assay period, loss of iodine by volatilization can occur. 
The USP XVIII method for the assay of isoniazid 
tablets is time consuming and laborious; at least 2.5 
hr. is required for the extraction of the drug from the 
tablet mass, evaporation of the extract, and completion 
of the reaction (5). 


Several methods for the analysis of isoniazid in the 
microgram range have been developed using l-chloro- 
or l-fluoro-2,4-dinitrobenzene as the reagent (6, 7). 
Reisch et al. (8)  recently reported the use of a similar 
reagent for visualization of isoniazid spots on thin- 
layer chromatoplates. This reagent, 7-chloro-4-nitro- 
benzo-2-oxa-l,3-diazole (II)I,  gave a colored product 


I NBD Chloride, Aldrich Chemical Co., Milwaukee, Wir. 
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tested contained, in addition to lipases, other hydrolytic enzymes of 
pancreatic, plant, or microbial origin mixed with lactose and smalls 
quantities of lubricants. The data were analyzed statistically, and 
excellent agreement between the two methods was observed (Table 
111). The reproducibility of the method was evaluated by per- 
forming repeated analysis of the same enzyme solution. The preci- 
sion of the method was determined from the variability obtained 
upon repeated analysis of lipase standard or samples. A standard 
deviation of 0.76, with a coefficient of variation of 3.05%, was ob- 
tained. 


CONCLUSION 


The advantages of a fluorometric procedure are many. In con- 
trast to earlier methods, the fluorometric assay is more sensitive 
and requires smaller amounts of substrate and enzyme. The lipolytic 
measurements can be made at such a great dilution that interfering 
enzymes and other excipients are frequently diluted out. 4-Methyl- 
umbelliferone laurate was found to be a most suitable substrate for 
the fluorometric assay, because it was unaffected by a number of 
pharmaceutical agents and enzymes tested. 


The method shows a high degree of precision and accuracy. The 
procedure is simple and requires little preparation. The substrate 
is stable under the experimental conditions and can be stored frozen 
for long periods. The method m a y  be valuable in determining con- 
tent uniformity of pharmaceutical preparations containing lipase. 
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Sensitive Colorimetric Determination of Isoniazid 


HENRY S. I. TAN 


Abstract 0 A sensitive colorimetric method was developed for the 
assay of isoniazid. The method is based on measuring the absorb- 
ance at 467 nm. of the orangecolored product produced by the in- 
teraction of isoniazid with 7chloro-4-nitrobenzo-2-oxa-1,3-diazole 
in the presence of sodium tetraborate in absolute methanol. The 
Beer-Lambert law was obeyed over the concentration range of 0.3-5 
mcg./ml, and the color was stable for at least 90 min. The coefficient 
of variation as determined on nine replicate samples containing 2 
mcg. isoniazidlml. was 0.87%. Applied to the assay of isoniazid tab- 
lets and syrups, the method gave results comparable to  those ob- 
tained by the USP XVIII method. It also afforded improvements 
in sensitivity, ease, and speed over the official method. It was es- 
tablished that the major metabolites of isoniazid (acetylisoniazid and 
isonicotinic acid) produced no color with the reagent under the pro- 
posed experimental conditions. 


Keyphrases 0 Isoniazid-colorimetric analysis, compared to com- 
pendial method 0 Colorimetry-analysis. isoniazid, compared to 
compendial method 


Isoniazid (isonicotinyl hydrazine, I) is a remarkably 
effective drug which is now considered a primary drug 
for the chemotherapy of tuberculosis. It is not surpris- 
ing that the determination of this drug has been, and is 
still, the subject of much investigation (1, 2). The need 
for further investigation is evidenced by the fact that 


many of the assay procedures reported appear not to be 
very satisfactory. For example, the current official assay 
method for isoniazid employs an iodometric titration 
in the presence of sodium bicarbonate (3). This method, 
originally developed by Canback (4), involves a slow 
reaction; 90 min. is needed for the completion of the 
reaction before a back-titration of the excess iodine can 
be performed. In addition, at several stages during the 
assay period, loss of iodine by volatilization can occur. 
The USP XVIII method for the assay of isoniazid 
tablets is time consuming and laborious; at least 2.5 
hr. is required for the extraction of the drug from the 
tablet mass, evaporation of the extract, and completion 
of the reaction (5). 


Several methods for the analysis of isoniazid in the 
microgram range have been developed using l-chloro- 
or l-fluoro-2,4-dinitrobenzene as the reagent (6, 7). 
Reisch et al. (8)  recently reported the use of a similar 
reagent for visualization of isoniazid spots on thin- 
layer chromatoplates. This reagent, 7-chloro-4-nitro- 
benzo-2-oxa-l,3-diazole (II)I,  gave a colored product 
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Figure 1-Absorption spectra of reaction product at various isoniazid 
concentrations (micrograms per milliliter). Key: A, 2.0; B, 3.3; C, 
4.5; D, 5.0; and E, 9.0. 


with isoniazid. The color of the product seemed to be 
pH dependent. 


This work served as the basis for the present study, in 
which I1 in alkaline medium was used for the quanti- 
tative colorimetric assay of isoniazid. 


EXPERIMENTAL' 


Materials and Rwgents-The following were used: 
Isoniazid-Highest purity grade isoniazid' recrystallized from 
80z methanol and dried under reduced pressure for 24 hr., m.p. 


MethanoI-Acetone-free absolute methanol containing 0.008 z 
Isonicotinic Acid-Isonicotinic acid&, m.p. 310-3 15 O. 


I-lsonicotinyl-2-acetylhydrazine-fiepared by a slightly modified 
procedure of Fox and Gibas (9). To a stirred solution of 4 g. iso- 
niazid in 25 ml. warm glacial acetic acid was added dropwise 3 ml. 
of acetic anhydride. The mixture was heated in a boiling water bath 
for 30 min., cooled, and evaporated under reduced pressure. Upon 
treatment of the residue with 35 ml. benzene, a white precipitate 
(4.5 g.) was formed. Recrystallization from isopropyl alcohol- 
ethyl acetate afforded fine needles, m.p. 161-1625" [lit. (9) m.p. 


172-172.3 '. 


water'. 


162-1 63 "I. 


* A  Beckman Acta V UV-visible double-beam s ectrophotometer 
(Beckman Instruments, Fullerton, Calif.), with I-cm. gaausch and Lomb 
cells and a slit width of 0.36 mm., was used for the absorption measure- 
ments. A Blue M Magniwhirl model MW lllOA-1 constant-tempera- 
ture water bath (Blue M Electric Co., Blue Island, Ill.) and a Mettler 
type H 18 analytical balance (Mettler Instrument Corp., Princeton, N. J.), 
were also utilized in the assay procedure. 


a Fisher Scientific Co.. Pittsburgh, Pa. 
4 Matheson, Coleman and Bell, Norwood, Ohio. 


Aldrich Chemical Co.. Milwaukee, Wis. 
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Figure 2-Relaiionsh;~ between absorbonce and concentmtion of 
isonlarid. 


Color Reagent-A 0.10% (w/v) solution of I1 (m.p. 97-99')' in 
methanol. This reagent is stable for 2 weeks if kept under refrigera- 
tion. 


Borax Solution-A 2.5z solution of sodium tetraborate de- 
cahydrate (ACS grade)' in methanol. 


Reparation of Standard C-A stock solution of isoniazid was 
prepared by dissolving 50.0 mg. of isoniazid in 100 ml. of methanol. 
Further dilutions were made to obtain standard solutions, each con- 
taining 1.6, 2.0. 3.2, 4.0, 5.0, 6.4, 8.0, 10.0, 12.0, 16.0, 20.0, 30.0f 
40.0, 50.0.60.0.80.0, and 100.0 mcg. isoniazid/ml. One milliliter or 
each solution was utilized for color development as described unde, 
Asmy Procedure for Isoniarid. The stock and standard solutions 
must be freshly prepared. 


Assay Procedure for Isonlazid-Pipet 1 .O ml. of a methanolic solu- 
tion containing 3-50 mcg. of isoniazid into a 10-ml. glass-stopped 
volumetric flask. To this solution, add successively 1 ml. of color re- 
agent and 2 ml. of borax solution. Dilute the mixture to the mark 
with methanol. Stopper the flask tightly and place in a constant- 
temperature water bath at 60 f 1 ' for 1 hr. Allow the mixture to 
cool t6 room temperature by immersing the flask in a tap-water bath 
(3-5 min.). Adjust the volume with methanol, if necessary, and 
measure the absorbance at 467 nm. against a blank prepared as 
already described but omitting the isoniazid. Obtain the amount of 
isoniazid present from a calibration curve. 
Assay Procedure for Isoniazld Tablets-Weigh and finely powder 


20 tablets. Weigh accurately a portion of powder, equivalent to 
about 100 mg. of isoniazid, and transfer to a 100-ml. volumetric flask. 
Add methanol to the mark and shake well for about 5 min. Filter the 
mixture quickly through a dry filter into a dry flask, rejecting the first 
10 ml. of filtrate and keeping the funnel covered during the filtra- 
tion. Pipet 1.0 ml. of the filtrate into a 50-ml. volumetric flask and 
make up to volume with methanol. Pipet 1.0 ml. of the resulting 
solution into a 10-ml. glass-stoppered volumetric flask and proceed 
as described in the Assay Procedure for Isoniazid, beginning with: 
"TO this solution, add. . .." 
Assay Procedure for Isonlazid Syrups-Transfer an accurately 


measured volume of syrup, equivalent to about 100 mg. of isoniazid, 
to  a 100-ml. volumetric flask. Add methanol to the mark and shake 
well for about 1 min. Pipet 1.0 ml. of the resulting solution into a 
50-ml. volumetric flask and make up to volume with methanol. 
Pipet 1.0 ml. of the latter solution into a 10-ml. glass-stoppered 
volumetric flask and proceed as described in the Assay Procedurefor 
Isoniazid, beginning with: "To this solution, add , . .." 


Wect of Reagents on Color Formation-Color Reagent-A series 
of 10-ml. glass-stoppered volumetric flasks, each containing 1.0 ml. 
of a methanolic solution of isoniazid (20 mcg./ml.), was prepared. 
Varying volumes of 0.05 z I1 in methanol were added to each flask. 
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Table I-Assay of Solutions of Known Concentrations of Isoniazid at Dflerent Levels 


Analyzed at  c Percent Recovery 
Amount Concentration -Amount Found, mg.- -Reposed Method- 


mg. mcg./ml. Method" Method samples Average 
Weighed, Level, Roposed USP XVIII Individual USP XVIII 


Method 


50.0 0.32 
0.64 


50.0 0.64 
1.6 


100. 1 0.5 
1 .o 
4.0 


100.0 0.5 
4.0 
5.0 


199.9 1 .o 
2.0 
4.0 


200.0 1 .o 
2.0 
4.0 


98.9 
100.2 
Overall percent recovery 
Standard deviation 


49.5 
50.8 
50.8 
50.6 
99.0 
102.0 
100.6 
100.0 
100.9 
99.2 
196.0 
198.0 
198.5 
202.0 
203.0 
200.0 


98.2 
99.5 


99.1 
101.6 
101.6 
101.2 
98.9 
101.9 
100.5 
100.0 
100.9 
99.2 
98.0 
99.0 
99.3 
101 .o 
101.5 
100.0 


100.4 


101.4 


100.4 


100.0 


98.8 


100.9 


100.3 
0.88 


99.3 
99.3 


Q Each value is the average of three replicate assays. 


After 2 ml. of borax solution was added to each flask and the mix- 
ture was diluted to the mark with methanol, the flasks were warmed 
at 60 f 1 O for 1 hr. The flasks were cooled to room temperature, the 
volume of the solution was adjusted, if necessary, and the absorb- 
ance was measured at 467 nm. against a blank'. 


Borax Solution-A series of 10-ml. glass-stoppered volumetric 
flasks, each containing 1 .O ml. of a methanolic solution of isoniazid 
(20 mcg./ml.) and 1 ml. of color reagent, was prepared. Varying 
volumes of 2.5x borax solution were added to each flask, and the 
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Figure *Effect of heating on color development. Key: X,  30 min. 
at room temperature; A, 30 min. at SO": 0, 60 min. at 50"; 0, 30 
min. at 60"; and .,60 min. at 60". 


6 Each blank contained the sameamounr of 11 and sodium tetraborate 
as in the solutlon studied but contained no isonland. 


experiment was completed as described for the color reagent. The 
absorbance of each solution was measured at 467 nm. against a 
blank'. 


SMed of Isonleotlnic Add and Acetyllsoniazld 011 Assay Results of 
Isonindd-Two solutions of isonicotinic acid in methanol containing 
20 and 40 mcg./ml., respectively, Were prepared. Two solutions of 
acetylisoniazid in methanol containing 20 and 40 mcg. acetylisonia- 
zid/ml., respectively, were also prepared. One milliliter of each solu- 
tion was assayed as described under Assay Procedure for Isoniazid. 


RESULTS AND DISCUSSlON 


The orangecolored product obtained from the interaction be- 
tween isoniazid and I1 in alkaline medium shows an absorption 
peak at 467 nm. in its absorption spectrum (Fig. I). At concentra- 
tions above 3 mcg. isoniazid/ml., another peak appears around 445 
nm. This absorption maximum shifts gradually toward lower wave- 
lengths as the concentration of isoniazid is increased. As might be 
expected, absorbances measured at this second peak are not pro- 
portional to the concentrations of isoniazid. At 467 nm., however, 
the procedure as described shows adherence to the Beer-Lambert 
law up to  5 mcg. isoniazid/ml. A typical standard curve is shown in 
Fig. 2. Under the experimental conditions described in the assay 
procedure, the molar absorptivity, t, is 13,715 1. mole-' cm.-i. 
Since isoniazid has a molecular weight of 137.15, an absorbance 
value of0.100corresponds to  a concentration of 1 mcg./ml. 


The interaction between isoniazid and I1 in the presence of sodium 
tetraborate in methanol was favored by heating. The time and tem- 


Table 11-Reproducibility of Color Development of Replicate 
Isoniazid Samples Containing 2 mcg./ml. 


Solution 
Absorbance at 


467 nm. 


1 0.200 
2 0.197 
3 0.202 
4 0.200 
5 0.201 
6 0.202 
7 0.202 
8 0.200 
9 0.198 
Average 0.200 
Standard deviation 0.0017 
Coefficient of variation 0.87x 
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Tabla III-Assay of Isoniazid Tablets and Syrups" 


Claim, -Found mg.Rablet or mg./ml.- -Percent of Clai- 
Proposed USP XVIII mg,/Tablet or Proposed USP XVIII 
Method Method Method Method Dosage Form Manufacturer mg./ml. 


Tablet 
Tablet 
Tablet 
syrup 
W U l P  


A 
B 
C 
D - 


100 
100 
300 
10 
10 


97.9 99.4 
98.3 98.9 


287.4 289.7 
9.81 9.97 
9.82 9.79 


97.9 99.4 
98.3 98.9 
95.8 96.6 
98.1 99.7 
98.2 97.9 


a Tablets: average of duplicate assays. Syrups: average of triplicate assays. * Isoniazid. 1.00 g.; water (40"), 3 ml.; and sufficient syrup USP to 
make 100 ml. 


perature of heating affected the color formation. At room tempera- 
ture, hardly any color was formed (Fig. 3). Since heating at  60" re- 
quired about 60 min. to obtain satisfactory absorbance values, at- 
tempts were made to speed up the reaction time by increasing the 
reaction temperature. Heating at  temperatures above the boiling 
point of methanol presented problem since screw-capped tubes 
must be used to prevent significant evaporation of the solvent. 
Furthermore, heating at  these high temperatures caused a shift in 
the absorption maximum to 462.5 nm. At this wavelength, adher- 
ence to the Beer-Lambert law could not be observed. Therefore, 
60" was chosen as the heating temperature. 


The time of heating was determined by following the color de- 
velopment. Absorbance values increased through 70 min. and then 
decreased. It was found that a heating period of 1 hr. a t  60 A 1 ' 
was quite satisfactory. The color produced appeared to be stable 
for at least 90 min. after the heating. Under these conditions the 
.reference blank showed a pale-yellow coloration. 


Gosh and Whitehouse (10) reported the determination of certain 
amino acids with I1 in aqueous solutions. When using water or 
95% ethanol as solvents for the assay of isoniazid with 11, it was 
found that the color formation was greatly accelerated. However, 
variations in color intensity occurred with the use of these solvents. 
The presence of water in the system caused nonreproducibility of 
the results. In these cases, a dcep-yellow color was obtained with 
the reference blank. 


The effect of the concentrations of reagent and sodium tetraborate 
on color formation was also studied. Higher absorbance values were 
obtained with the increasing amount of I1 used. At the same time 
the reference blank also exhibited a more intense yellow color. 
This caused a decrease in the sensitivity of the proposed procedure 
and made the determination of isoniazid at the lower limits of the 
concentration range obeying the Beer-Lambert law less reliable. 
The presence of more than 5 mg. sodium tetraboratelml. in the 
assay solution caused a decrease in the absorbance value. In view 
of these results, 1 ml. 0.10% I1 and 2 ml. 2.5% sodium tetraborate 
were selected as optimum concentrations for the assay. 
The stability of the color reagent solution was evaluated by re- 


cording its UV spectrum (Amx 335 nm.) over an extended period. 
Molar aborptivities remained unchanged for 14 days, indicating 
that the reagent preparation, when kept refrigerated, could be kept 
for 2 weeks without significant deterioration. 


As little as 0.16 mcg. isoniazid/ml. can be detected by the pro- 
posed procedure. The method, however, is reliable only for con- 
centrations above 0.2 mcg./ml. The percent recoveries of known 
samples analyzed at 0.16- and 0.20-mcg. isoniazid/ml. levels were 
only 87.5 and 95.0%, respectively, with relative standard deviations 
from the mean of 38.5 and 3.5%, respectively. Very good recovery 
data were obtained for the concentration levels of 0.3-5 mcg./ml. 
The recovery experiments were performed by dissolving an ac- 
curately weighed amount of about 50 mg. isoniazid in 100 ml. 


Table IV-ElTect of Acetylisoniazid and Isonicotinic Acid on 
Assay Results of Isoniazid 


~ ~~~ ~~~ ~ 


Concentration 
Assayed, Absorbance at 


Compound mcg./ml . 467 nm. 


methanol. Appropriate dilutions were then prepared to afford dif- 
ferent concentrations (Table I) which were assayed by the proposed 
method. The recovery experiments were also conducted on 100 and 
200 mg. isoniazid. Data presented in Table I indicate the accuracy 
of the method; the results were reproducible and quantitative. It 
was found that slight changes in absorbance reading can result in 
fairly substantial changes in percent recovery. The overall percent 
recovery for the six samples was 1 0 0 . 3 ~ ,  with a standard deviation 
of f 0.88Z. In comparison, the average percent recovery for two 
samples analyzed by the USP XVIII method was 99.3 %. 


The precision of the analytical method was determined by running 
replication studies on nine 1.Wml. aliquots of a standard isoniazid 
solution containing 2.0 mcg./ml. These solutions were assayed by 
the proposed procedure. The coefficient of variation for the nine 
replicatesamples was 0.87% (Table 11). 


Results obtained by applying the assay procedure to commer- 
cially available isoniazid tablets are presented in Table 111. Compari- 
son of the experimental data with those obtained by the official 
method shows a relatively good correlation. The proposed extrac- 
tion of the drug by shaking the tablet mass with methanol at room 
temperature for 5 min. appeared to  be complete. In contrast, the 
official method requires heating on a steam bath for 30 min. Gen- 
erally speaking, the present method offers ease and speed over the 
official method. 


Table I11 also shows that the proposed colorimetric procedure is 
applicable for the assay of isoniazid syrups. The results of the pro- 
posed method are in agreement with those obtained by the USP 
XVIII procedure. Since the amount of water in the final assay solu- 
tion is very low due to the two-step dilution procedure, it does not 
interfere with the reaction. Commercial Syrup D (Table 111) also 
contained a flavoring agent and a yellow dyestuff. It appeared that 
these agents do not affect the absorbance measurements. 


Several workers (6, 11) have suggested that, analogous to the 
Konig reaction. l-chloro- or 1-fluoro-2.4-dinitrobenzene reacts with 
the pyridine nitrogen of isoniazid to form a polymethine dyestuff. 
The structurally related I1 may be expected to react with isoniazid 
in a similar fashion. Present studies revealed that neither acetyl- 
isoniazid nor isonicotinic acid produced any color with I1 under the 
experimental conditions described (Table IV). This would indicate 
that a free amino function in the molecule is necessary for the re- 
action with 11. These findings are in agreement with those of Poole 
and Meyer (71, who stated that the reactivity of l-fluoro-2,4-di- 
nitrobenzene with the pyridine nitrogen of isoniazid is not probable. 


I II 


Acetylisoniazid 2.0 0. OOO 
Acetylisoniazid 4.0 O.OO0 
Isonicotinic acid 2.0 0.001 
Isonicotinic acid 4.0 0.OOO 


+ c1- + H@ 
Scheme I 
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Therefore, it is concluded that the reaction between isoniazid and I1 
under the experimental conditions of the assay method likely pro- 
ceeds as depicted in Scheme 1. 


The present method can be modified to make it applicable to the 
determination of free isoniazid in biological fluids since none of the 
most important metabolites of isoniazid that have been identified 
(acetylisoniazid, isonicotinic acid, isonicotinylglycine, pyruvic acid 
isonicotinylhydrazine, and a-oxoglutaric acid isonicotinylhydrazine) 
(12) possesses a free amino function in the molecule. Further studies 
are in progress, and the results will be reported at a later date. 
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Potentiometric Titration of Antithyroid Drugs with 
Mercuric Acetate Solution 


SERGIO PINZAUTI’, VITTORIO DAL PIAZ, and ENZO LA PORTA 


Abstract 0 A simple and accurate potentiometric titration prom- 
dure for the analysis of five antithyroid drugs is described. The 
drugs dissolved in aqueous solution at particular pH values are 
titrated with 0.01 M mercuric acetate. The end-point is determined 
potentiometrically by the use of three different indicating elec- 
trodes (mercury drop, amalgamated gold, and silver). Quantitative 
recoveries are reported. 


Keyphrases 0 Thyroid inhibitors-analysis, potentiometric titra- 
tion with mercuric acetate 0 Methimad-analysis, potentiomet- 
ric titration with mercuric acetate 0 Thiobarbituric acid-analy- 
sis, potentiometric titration with mercuric acetate 0 T h i o w d -  
analysis, potentiometric titration with mercuric acetate 0 Methyl- 
.thiouracil-analysis, potentiometric titration with mercuric ace- 
tate 0 Propylthiouracil-analysis, potentiometric titration with 
mercuric acetate 0 Potentiometric titrimetry-analysis of five 
thyroid inhibitors using mercuric acetate Mercuric acetate- 
used in potentiometric titration of five thyroid inhibitors 


Methimazole (1 -methylimidazole-2-thiol), 2-thiobar- 
bituric acid, 2-thiouracil, 6-methyi-2-thiouraci1, and 
6-propy1-2-thiouracil are commonly employed in treat- 
ment of hyperthyroidism. Many types of titrimetric 
procedures for their determination have been proposed 
(1-15). The mercurimetric method of Abbot (4) was the 
basis in the BP monographs (16) for the determination 
of 6-methyl-2-thiouracil and 6-propyl-2-thiouraci1. Ac- 
cordingly, thiouracil(O.35 g.) is dissolved in an excess of 
sodium hydroxide and the resulting disodium salt is 
titrated in a buffered acetate system with mercuric 
acetate (0.05 M); the end-point is determined by the 
use of diphenylcarbazone as the indicator. Although 


satisfactory results are attainable by this method, the 
indicator change is not sharp and the procedure is not 
suitable for other antithyroid thiols, e.g., methimazole. 


In the present study, a simple, rapid, and accurate 
direct potentiometric titration is reported for the deter- 
mination of methimazole USP, thiouracil, methylthi- 
ouracil BP, propylthiouracil USP and BP, and 2-thio- 
barbituric acid. The use of three different indicating 
electrodes is described. 


EXPERIMENTAL 


Apparatus-Titrations were performed potentiometrically with 
a pH meter’ equipped with a mercury drop electrode (17) and mer- 
curous sulfate electrode’. An amalgamated gold electrode (a gold 
flag dipped into metallic mercury for 20 sec.) or a silver electrode (a 
silver coil) was also employed as indicating electrodes. The mercury 
drop and amalgamated gold electrodes can be used for many 
titrations ifrinsed with water between titrations. 


Reagents and Sdutione-Pure drug samples (listed in Table I) 
were obtained from commercial sources. Analysis by the USP 
assay for rnethimazole indicated a purity of better than 98 %. Analy- 
sis by the BP assay for methylthiouracil and propylthiouracil in- 
dicated a purity of better than 98 %. 


Borax (0.025 M)-Dissolve 9.535 g. of Na2BtQ.10HI0 (reagent 
grade) in sufficient water to make 1000 ml. 


Phosphate Buffer (pH 7.2)-Dissolve 17.337 g. of Na2HP04. 
12H1O (reagent grade) and 2.485 g. of KH2P04 (reagent grade) in 
sufficient water to make 1000 ml. 


Acetate Buffer ( p H  I.@-Dissolve 3.28 g. of CHSCOONa (reagent 


1 Metrohm model E 148c. 
Metrohm EA 406. 
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Therefore, it is concluded that the reaction between isoniazid and I1 
under the experimental conditions of the assay method likely pro- 
ceeds as depicted in Scheme 1. 


The present method can be modified to make it applicable to the 
determination of free isoniazid in biological fluids since none of the 
most important metabolites of isoniazid that have been identified 
(acetylisoniazid, isonicotinic acid, isonicotinylglycine, pyruvic acid 
isonicotinylhydrazine, and a-oxoglutaric acid isonicotinylhydrazine) 
(12) possesses a free amino function in the molecule. Further studies 
are in progress, and the results will be reported at a later date. 
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Potentiometric Titration of Antithyroid Drugs with 
Mercuric Acetate Solution 


SERGIO PINZAUTI’, VITTORIO DAL PIAZ, and ENZO LA PORTA 


Abstract 0 A simple and accurate potentiometric titration prom- 
dure for the analysis of five antithyroid drugs is described. The 
drugs dissolved in aqueous solution at particular pH values are 
titrated with 0.01 M mercuric acetate. The end-point is determined 
potentiometrically by the use of three different indicating elec- 
trodes (mercury drop, amalgamated gold, and silver). Quantitative 
recoveries are reported. 
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used in potentiometric titration of five thyroid inhibitors 


Methimazole (1 -methylimidazole-2-thiol), 2-thiobar- 
bituric acid, 2-thiouracil, 6-methyi-2-thiouraci1, and 
6-propy1-2-thiouracil are commonly employed in treat- 
ment of hyperthyroidism. Many types of titrimetric 
procedures for their determination have been proposed 
(1-15). The mercurimetric method of Abbot (4) was the 
basis in the BP monographs (16) for the determination 
of 6-methyl-2-thiouracil and 6-propyl-2-thiouraci1. Ac- 
cordingly, thiouracil(O.35 g.) is dissolved in an excess of 
sodium hydroxide and the resulting disodium salt is 
titrated in a buffered acetate system with mercuric 
acetate (0.05 M); the end-point is determined by the 
use of diphenylcarbazone as the indicator. Although 


satisfactory results are attainable by this method, the 
indicator change is not sharp and the procedure is not 
suitable for other antithyroid thiols, e.g., methimazole. 


In the present study, a simple, rapid, and accurate 
direct potentiometric titration is reported for the deter- 
mination of methimazole USP, thiouracil, methylthi- 
ouracil BP, propylthiouracil USP and BP, and 2-thio- 
barbituric acid. The use of three different indicating 
electrodes is described. 


EXPERIMENTAL 


Apparatus-Titrations were performed potentiometrically with 
a pH meter’ equipped with a mercury drop electrode (17) and mer- 
curous sulfate electrode’. An amalgamated gold electrode (a gold 
flag dipped into metallic mercury for 20 sec.) or a silver electrode (a 
silver coil) was also employed as indicating electrodes. The mercury 
drop and amalgamated gold electrodes can be used for many 
titrations ifrinsed with water between titrations. 


Reagents and Sdutione-Pure drug samples (listed in Table I) 
were obtained from commercial sources. Analysis by the USP 
assay for rnethimazole indicated a purity of better than 98 %. Analy- 
sis by the BP assay for methylthiouracil and propylthiouracil in- 
dicated a purity of better than 98 %. 


Borax (0.025 M)-Dissolve 9.535 g. of Na2BtQ.10HI0 (reagent 
grade) in sufficient water to make 1000 ml. 


Phosphate Buffer (pH 7.2)-Dissolve 17.337 g. of Na2HP04. 
12H1O (reagent grade) and 2.485 g. of KH2P04 (reagent grade) in 
sufficient water to make 1000 ml. 


Acetate Buffer ( p H  I.@-Dissolve 3.28 g. of CHSCOONa (reagent 


1 Metrohm model E 148c. 
Metrohm EA 406. 
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Table I-Results of Potentiometric Titration of Antithyroid Drugs with Mercuric Acetate and Three DHerent Indicating Electrodes 


Weighed 
Drug Range. mg. 


Methimazole 20.20-57.05 
Thiouracil 21.06-55.34 
Methylthiouracil 23.20-62.15 
Pro ylthiouracil 20.90-56.50 
2-Thobarbituric acid 24.84167.56 


ProPoad Method, Z Recovery 
with Mercury with Amalgamated with silver 


Drop Electrode Gold Electrode Electrode 


99.90 f 0.22. 99.78 f 0.27. 99.69 f 0.15' 
99.67 f 0.36 99.58 f 0.24 99.71 f 0.38 
99.83 f 0.38 99.70 f 0.16 99.59 f 0.33 


100.06 f 0.33 100.03 * 0.25 100.37 f 0.18 
100.14 f 0.29 100.36* 0.32 99.93 f 0.40 


BP Method, 
Z Recorny 


- 
99.26 f 0.29 
99.20 f 0.16 - 


a Standard deviation based on six analyses. 


grade) in 200 ml. of water; add 2.3 ml. of glacial acetic acid and 
sufficient water to make 400 ml. 


Mercuric Acetate (0.01 M)-Dissolve 800 mg. of mercuric acetate 
(reagent grade) in 250 ml. of water, and add 0.3 ml. of glacial acetic 
acid to prevent hydrolysis. Titrate the solution potentiometrically 
with 0.01 M ethylenediaminetetraacetic acid in pH 4.6 acetate 
bufer, using a mercury dropmercurous sulfate electrode system. 


Procedure-Assay of Methimazde-About 20-60 mg. of methi- 
mazole, accurately weighed, was dissolved in 50 ml. of 0.025 M 
borax. The solution, magnetically stirred, was titrated potentio- 
metrically with 0.01 M mercuric acetate. The end-point in the titra- 
tion was determined from the inflection in the curve obtained by 
plotting milliliters of titrant versus millivolt readings. Each milliliter 
of 0.01 M mercuric acetate is equivalent to 2.283 mg. of methi- 
mazole. 


Assay of Me:hylthiouracil and Propylthiouracil-About 20-60 
mg. of the drug, accurately weighed, was dissolved in 50 ml. of 
pH 7.2 phosphate buffer, with warming to complete solution. After 
cooling to room temperature, titration was performed in the same 
way (as for methimazole). Each milliliter of 0.01 M mercuric 
acetate is equivalent to 2.844 mg. of methylthiouracil or 3.405 tng. 
of propylthiouracil. 
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Figure I-Typical titration curves for antithyroid drugs. k2y: A, 
2-thiobarbituric acid, 33.82 mg. (silver electrode); B, methylrhiouracil, 
38.25 mg. (silver electrode); C, propylthiouracil, 48.50 mg. (amalga- 
mated gold electrode); and D,  merhimuzde, 35.46 mg. (mercury drop 
electrode). 


ASSUY Of ThioWtd-About 20-60 me. Of the drug, a c ~ u r ~ t d y  
Weighed, was dissolved in 50 ml. of pH 4.6 acetate buffer, with 
warming to complete solution. After cooling to room temperature, 
titration was performed as already described. Each milliliter of 0.01 
M mercuric acetate is equivalent to 2.563 mg. of thiouracil. 


Assay of 2-Thiobarbituric Acid--About 20-60 mg. of the drug, 
accurately weighed, was dissolved in 50 ml. of water. The solution 
was adjusted to pH 1 with nitric acid (20Z w/w), and titration was 
performed as already described. Each milliliter of 0.01 M macuric 
acetate is equivalent to 2.883 mg. of 2-thiobarbituric acid. 


RESULTS AND DISCUSSION 


Table I shows the results of mercurimetric determination of five 
antithyroid agents with potentiomtric end-point detection. The 
recoveries by the proposed method are setisfactory, and only small 
amounts of drug are required for analysis. A mercury drop elec- 
trode. an amalgamated gold electrode, and a silver electrode were 
used with success as pHg indicators for the potentiometric titration. 
The silver electrode behaves as reversible with respect to the anion 
RS-. 
For the analysis of methylthiouracil, propylthiouracil, and meth- 


imazole. the largest change in potential at the end-point [about 200 
mv.lO.1 ml. Hg+* (0.01 M ) ]  was observed using the amalpamatad 
gold electrode (Fig. 1). However, the sharp rise. produced with the 
mercury drop and silver electrodes was also suficiently steep (about 
160 mvJ0.l ml. of titrant). In the titration of thiouracil, a l o w  rise 
in the potential was noted with each electrode used (about 90 mv./ 
0.1 ml. of titrant). In the assay of 2-thiobarbituric acid, the best 
results were obtained with the silver electrode (about 160 mvJO.2 
ml. of titrant), but the inflections observed with the mercury drop 
or amalgamated gold electrode (about 100 mv./0.2 ml. of titrant) 
were also analytically useful. 


Antithyroid thiols react with mercuric acetate to form very slightly 
soluble sulfides. Two moles of the sulfido form (RS-) of the thiol 
reacts with 1 mole of the mercuric titrant. The quantitative presence 
of the sulfido form is pH dependent (20). In preliminary experiments 
for methimazole in the pH 4-6.8 region, no detectable end-point was 
apparent. The best results for the assay of methimazole were at- 
tained at pH 8.2-9.4, using borax dilute solutions. Metbylthiouracil 
and propylthiouracil gave the most satisfactory titraton curves at 
pH 7.2-8 (phosphate buffer). The greater sensitivity in end-point 
detection was noted for 2-thiouraciI at pH 4.6 and for 2-thiobar- 
bituric acid in the pH range of 1-2.2. 
The potential of the mucury electrode depends on pH by forma- 


tion of mucuric oxide (18) (the electrode reaction may be written 
as: Hg + 20H- HgO + H a  + 2e-). In the case of mthyl- 
thiouracil, propylthiouracil, and mthimazole, the solubility prod- 
ucts of the precipitate sulfides are evidently lower than HgO 
(pSP~fi = 25.5) (19). permitting sharp breaks in the titration curves 
under alkaline conditions. 
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Determination of Dopa in Pharmaceutical Dosage Forms 
Based on Oxidation at Tubular Carbon Electrode 


WILLIAM D. MASON 


Abetnct 0 A method for the determination of dopa [3-(3,4di- 
hydroxyphenyl)alanine] in pharmaceutical dosage forms based on 
electrochemical oxidation at the tubular carbon electrode is pre- 
sented. A comparison with a colorimetric method shows this new 
method to be considerably faster and simpler without a siBnificant 
loss in precision or accuracy. Between 25 and 30 samples may be 
determined each hour, for which the variance due to the method re- 
sults in a standard deviation no greater than *0.9%. 


Keyphrasfs 0 Dopa-analysis in dosage forms, electrochanical 
oxidation at tubular carbon electrode 0 Electrochemical analysis- 
dopa in dosage Fohns, tubular carbon electrode 


The problems associated with the fluorometric or 
colorimetric determination of levodopa[( - )-3-(3,4-dihy- 
droxypheny1)-~-alanine] in pharmaceutical dosage forms 
were recently summarized (1). Although highly sensitive 
and specific, these methods are inconvenient due to 
lengthy procedures involving separation and other 
manipulative steps. A new colorimetric method by 
Maggi and Cometti (I) ,  designed specifically for the 
determination of levodopa in dosage forms, eliminates 
separatory steps but requires a number of manipula- 
tions including a precisely controlled reaction for color 
formation. A possible alternative to the colorimetric 
approach may be an electrochemical method similar to 
the one presented for ascorbic acid (2). 


The method for ascorbic acid is based on continuous 
analysis in flowing streams by oxidation of the drug at 
the tubular carbon electrode (3). This electrochemical 
method has advantages over other commonly em- 
ployed methods of being extremely fast and simple 
without any significant loss iri accuracy or precision. 
Studies (4) of the electrochemical oxidation of cate- 
cholamines, similar in structure to levodopa, suggested 
that the drug may be assayed in this manner. Thus, an 
investigation of the oxidation of levodopa at the tubular 


carbon electrode was undertaken with the idea of de- 
veloping an analytical method. In this paper a method 
for the determination of dopa in pharmaceutical dosage 
forms is presented and compared to the colorimetric 
method of Maggi and Cometti (1). In addition, the 
utility of the new electrochemical method in contin- 
uously monitoring the dissolution of solid dosage forms 
is demonstrated. 


EXPERIMENTAL 


InetnnnenQtion-The electrode assembly, flow system, pump, and 
polarography system were the same as reported earlier (2). The 
tablet dissolution apparatus was described by Levy and Hayes (5 ) .  
chcmieals--Au chemicals wek of the highest quality comrner- 


c i d y  available. Standard solutions of dopa were prepared using 
the powder’. 


Proadurrs-Current-voltage curves were determined using a 
tubular carbon electrode (TCE) which had previously been cleaned 
with ethyl acetate. Volume flow rates between 4 and 10 ml./min. 
were commonly employed and were controlled to * 1 %. The volt- 
age was scanned anodically from 0 v. terms the saturated calomel 
electrode (SCE) at 0.20 v./min. Standard buffers (6) were used to 
determine the effect of pH on the oxidation half-wave potential 
of the compounds studied. 


Solid dosage forms were assayed by dissolving weighed quantities 
in sutficient 0.1 N HCI to give approximately lo-’ M dopa solutions. 
The sample solutions were pumped through a pledget of glass wool 
to the TCE (with the potential set a t  0.90 v. oersus the SCE) and the 
limiting currents were recorded. A calibration plot of the limiting 
current uersus concentration was determined daily, and intermittent 
standards were run to check and adjust the calibration. 


The accuracy of the TCE method was evaluated by comparison 
with B colorimetric method ( 1 ) .  Three tablets were weighed and 
powdered, and weighed aliquots were taken for analysis; the 
capsules were emptied and weighed, and similar aliquots were 
taken. The sample aliquots were dissolved in 1 ml. of 1 N HCI and 
diluted to 1 1. with water; then each aliquot was assayed by the 
colorimetric method three times. These same aliquots were then 
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hydroxyphenyl)alanine] in pharmaceutical dosage forms based on 
electrochemical oxidation at the tubular carbon electrode is pre- 
sented. A comparison with a colorimetric method shows this new 
method to be considerably faster and simpler without a siBnificant 
loss in precision or accuracy. Between 25 and 30 samples may be 
determined each hour, for which the variance due to the method re- 
sults in a standard deviation no greater than *0.9%. 
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The problems associated with the fluorometric or 
colorimetric determination of levodopa[( - )-3-(3,4-dihy- 
droxypheny1)-~-alanine] in pharmaceutical dosage forms 
were recently summarized (1). Although highly sensitive 
and specific, these methods are inconvenient due to 
lengthy procedures involving separation and other 
manipulative steps. A new colorimetric method by 
Maggi and Cometti (I) ,  designed specifically for the 
determination of levodopa in dosage forms, eliminates 
separatory steps but requires a number of manipula- 
tions including a precisely controlled reaction for color 
formation. A possible alternative to the colorimetric 
approach may be an electrochemical method similar to 
the one presented for ascorbic acid (2). 


The method for ascorbic acid is based on continuous 
analysis in flowing streams by oxidation of the drug at 
the tubular carbon electrode (3). This electrochemical 
method has advantages over other commonly em- 
ployed methods of being extremely fast and simple 
without any significant loss iri accuracy or precision. 
Studies (4) of the electrochemical oxidation of cate- 
cholamines, similar in structure to levodopa, suggested 
that the drug may be assayed in this manner. Thus, an 
investigation of the oxidation of levodopa at the tubular 


carbon electrode was undertaken with the idea of de- 
veloping an analytical method. In this paper a method 
for the determination of dopa in pharmaceutical dosage 
forms is presented and compared to the colorimetric 
method of Maggi and Cometti (1). In addition, the 
utility of the new electrochemical method in contin- 
uously monitoring the dissolution of solid dosage forms 
is demonstrated. 


EXPERIMENTAL 


InetnnnenQtion-The electrode assembly, flow system, pump, and 
polarography system were the same as reported earlier (2). The 
tablet dissolution apparatus was described by Levy and Hayes (5 ) .  
chcmieals--Au chemicals wek of the highest quality comrner- 


c i d y  available. Standard solutions of dopa were prepared using 
the powder’. 


Proadurrs-Current-voltage curves were determined using a 
tubular carbon electrode (TCE) which had previously been cleaned 
with ethyl acetate. Volume flow rates between 4 and 10 ml./min. 
were commonly employed and were controlled to * 1 %. The volt- 
age was scanned anodically from 0 v. terms the saturated calomel 
electrode (SCE) at 0.20 v./min. Standard buffers (6) were used to 
determine the effect of pH on the oxidation half-wave potential 
of the compounds studied. 


Solid dosage forms were assayed by dissolving weighed quantities 
in sutficient 0.1 N HCI to give approximately lo-’ M dopa solutions. 
The sample solutions were pumped through a pledget of glass wool 
to the TCE (with the potential set a t  0.90 v. oersus the SCE) and the 
limiting currents were recorded. A calibration plot of the limiting 
current uersus concentration was determined daily, and intermittent 
standards were run to check and adjust the calibration. 


The accuracy of the TCE method was evaluated by comparison 
with B colorimetric method ( 1 ) .  Three tablets were weighed and 
powdered, and weighed aliquots were taken for analysis; the 
capsules were emptied and weighed, and similar aliquots were 
taken. The sample aliquots were dissolved in 1 ml. of 1 N HCI and 
diluted to 1 1. with water; then each aliquot was assayed by the 
colorimetric method three times. These same aliquots were then 
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Table I-Current-Voltage Scans of Possible 
Interfering Substances 
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Compound 


~ ~~ ~~ ~~~ 


Half-Wave Potentials 
f 0 . 0 0 5  v. Dersus SCE 


Levodopa 
3-Amino-~-tyrosine 
Hydroquinone 
Resorcinol 
Tryptophane 
Tyrosine 


0.250 
0.236 
0.135 
N.W.b 
N.W. 
N.W. 


0 Determined at pH 6.0, and subject to slight variance due to elec- 
trode history. b No wave (N.W.) before 0.60 v. versus the SCE. 


Table II-Dopa Analysis 


Amount 
De- 


clared 
per 


Sample, Colorimetric 
-Mean Amount, mg f SDa- 


Dosage Form mg. TCEb Method Method" 


Tablet(250mg.) 20.1 20.1 f 0.1 20.1 f 0.1 
42.7 42.8 & 0.2 42.6 f 0.1 


Capsule(250mg.) 20.0 20.1 + 0.1 20.1 f 0.1 
38.9 38.7 f 0.2  39.0 f 0.2 


(1 Calculated on the basis of three assays of a single aliquot. b With 
0.1 N HCl as medium. c Reference I .  


diluted with 0.1 N HCl to about lo-' M and assayed by the TCE 
method. 


For the dissolution study the beaker was filled to 1 1. with 0.1 N 
HCl and the propeller was set at 60 r.p.m. The solution was pumped 
through a Swinnex-25 unit2 without a filter to the TCE and returned 
to the beaker. After setting the electrode potential at +O.W v. 
wrsus the SCE and establishing a baseline current, a tablet was 
added and the limiting current was recorded as a function of time. 
From a previously determined calibration plot, the chart paper was 
labeled in terms of percent dissolution (taking the plateau current 
to represent 1OOz) as well as microamperes. 


RESULTS AND DISCUSSION 


A typical current-voltage curve for the oxidation of levodopa at 
the TCE is shown in Fig. 1. The limiting current was linear with 
respect to concentration over the 1W6-1C3 M range. With the 
volume flow rate at 5 ml./min., a typical calibration plot has a slope 
of 6.9 paJIO-4 M with a zero intercept. A plot of the logarithm 
limiting current cersus logarithm flow rate had a slope of 0.33, 


0.1 0.2 0.3 0.4 0.5 0.6 
VOLTS VERSUS SCE 


Figure l-Levodopa current-voltage curve; run at p H  6. (See text for 
detds.)  
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Figure 2-Half-wave potential as a f i c t i o n  of pH.  Key: 0, hydrp 
quinone; A, leoodopa; and .,3-amino-~-tyrosine. 


which agrees with theoretical considerations of the tubular elec- 
trode geometry (7). 


Current-voltage scans on 10-4 M solutions of the compounds 
listed in Table I show only 3-amino-~-tyrosine to have a half-wave 
potential (El/,) close to that for levodopa. The other compounds 
listed, all of which have been suggested as possible interferences 
formed during synthesis of levodopa, have half-wave potentials 
significantly different from that of dopa or do not show an oxida- 
tion wave. From Fig. 2 it is evident, within the limits of ex&- 
mental error, that the half-wave potentials for dopa and hydroqui- 
none fit the relationship El/ ,  = E" - O.OS9 pH. while the pH de- 
pendence of the Eamino-L-tyrosine oxidation is greater. Indeed, 
in 1.5 M HSO, the half-wave potential for levodopa is 0.73 v. 
cersus the SCE while the oxidation of 3-amino-~-tyrosine occurs 
about 0.10 Y. more anodic. Although a more in-depth study was 
not attempted, it is surmised that the oxidation of 3-amino-L- 
tyrosine is suppressed by protonation of the amino group on the 
benzene ring. Thus, samples suspected of containing this impurity 
may be assayed in strong acid media. Current-voltage curves for 
dopamine and norepinephrine were observed to have essentially 
the same half-wave potential as dopa. If fhese compounds or other 
3.4-dihydroxyphenylethylamine derivatives are considered as pos- 
sible contaminants in a sample, a separation procedure must pre- 
cede analysis at the TCE. 


The accuracy of the TCE method in determining the dopa con- 
tent of solid dosage f o r m  is shown in Table 11. It is evident that the 
new methad gives data in agreement with the colorimetric method 
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Figure *Recorder trace for dissolution study. Three hours was re- 
quired for 100% dissolution of the 2.50-mg. rablet in I 1. of 0.1 N 
H C I .  







and that comparable precision is obtained. In comparison with the 
colorimetric method, the TCE method is faster and simpler. Once 
the sample solutions were prepared, between 25 and 30 determina- 
tions could be run each hour. The reproducibility of the TCE, as 
determined by repeatedly assaying a single sample dilution, is in- 
dicated by a deviation of the mean f0.90 


Figure 3 shows the current-time curve for the dissolution study. 
Once the tablet was placed in the beaker, no further manipulative 
steps were required to record continuously the tablet dissolution. 
Although not included here, the dissolution could be determined as 
a function of pH using the same analytical procedure. 


In summary, it is concluded that the electrochemical method for 
the determination of dopa presented in this paper is more con- 
venient, faster, and simpler to use than previously available methods 
without any significant loss in precision and accuracy. Although 
automation was not employed in this study, the method may readily 
be incorporated into automated or semiautomated systems because 
it employs continuous analysis on a flowing stream of sample. And, 
finally, the applicability of the analytical method in the direct and 
continuous monitoring of tablet dissolution is demonstrated. 


for six determinations. 
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Soft Gelatin Capsules I: Factors Affecting 
Capsule Shell Dissolution Rate 


F. S. HOM’, S. A. VERESH, and J. J. MISKEL 


Abstract 0 A method to study the relationship between various 
factors influencing the dissolution rate of the soft gelatin capsule 
shell is reported. The gelatin disk method makes use of the current 
USP rotating-basket dissolution apparatus. The effects of agitation, 
temperature, dissolution medium, and shell composition on the 
capsule shell dissolution rate are illustrated and discussed. A 
knowledge of these factors and their influence on dissolution 
should be of assistance in the formulation of soft gelatin capsule 
shells for various purposes. 


Keyphrnees 0 Dissolution rate of soft gelatin capsules-dects of 
agitation, temperature, dissolution medium, and shell composition 
0 Capsules, soft gelatin-ffects of agitation, temperature, dis- 
solution medium, and shell composition on dissolution rate 0 
Gelatin capsules, s o f t 4 e c t s  of agitation, temperature, dissolution 
medium, and shell composition on dissolution rate 


Although soft gelatin capsules have been in mass 
production (1) since the introduction of the rotary die 
process (2), little or no work has been reported on the 
relationship between formulation design and dissolution 
rate of the capsule shell. Nevertheless, several formula- 
tions designed for specific uses have been patented 
(3-8) in this country. Recently, studies on comparisons 
of dissolution rates of drugs from soft gelatin capsules 
and tablets were reported (9, 10). The present report 
deals with a method to study the relationship between 


various factors influencing the dissolution rate of the 
soft gelatin capsule shell. 


In the design and formulation of soft gelatin capsule 
dosage forms, one should consider the effects of com- 
ponents and other parameters on the dissolution rate of 
the capsule shell. A method that is simple, fast, able to 
differentiate minor but meaningful changes in dis- 
solution rate, and readily reproducible is of great 
utility. Eckert ei al. (1 l), concerned with drug availa- 
bility, advocated the use of the in vitro initial-release 
rate to reflect this factor in the monitoring of soft 
gelatin capsule manufacture. The initial-release rate is 
adequate for such a purpose, but it lacks the sensitivity 
and simplicity based on the criteria of the present 
proposal. A more appropriate method was developed 
in this laboratory. 


Many factors that influence the dissolution rate of 
the soft gelatin capsule shell may be adequately studied 
by the use of the Nelson (12) modification of the Noyes- 
Whitney equation. Using the Noyes-Whitney equation, 
one may write: 


= KS(C, - c) dt 


where W is the amount dissolved, t is the time, K is the 
solution rate constant with dimensions of distance/ 
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and that comparable precision is obtained. In comparison with the 
colorimetric method, the TCE method is faster and simpler. Once 
the sample solutions were prepared, between 25 and 30 determina- 
tions could be run each hour. The reproducibility of the TCE, as 
determined by repeatedly assaying a single sample dilution, is in- 
dicated by a deviation of the mean f0.90 


Figure 3 shows the current-time curve for the dissolution study. 
Once the tablet was placed in the beaker, no further manipulative 
steps were required to record continuously the tablet dissolution. 
Although not included here, the dissolution could be determined as 
a function of pH using the same analytical procedure. 
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Soft Gelatin Capsules I: Factors Affecting 
Capsule Shell Dissolution Rate 


F. S. HOM’, S. A. VERESH, and J. J. MISKEL 


Abstract 0 A method to study the relationship between various 
factors influencing the dissolution rate of the soft gelatin capsule 
shell is reported. The gelatin disk method makes use of the current 
USP rotating-basket dissolution apparatus. The effects of agitation, 
temperature, dissolution medium, and shell composition on the 
capsule shell dissolution rate are illustrated and discussed. A 
knowledge of these factors and their influence on dissolution 
should be of assistance in the formulation of soft gelatin capsule 
shells for various purposes. 


Keyphrnees 0 Dissolution rate of soft gelatin capsules-dects of 
agitation, temperature, dissolution medium, and shell composition 
0 Capsules, soft gelatin-ffects of agitation, temperature, dis- 
solution medium, and shell composition on dissolution rate 0 
Gelatin capsules, s o f t 4 e c t s  of agitation, temperature, dissolution 
medium, and shell composition on dissolution rate 


Although soft gelatin capsules have been in mass 
production (1) since the introduction of the rotary die 
process (2), little or no work has been reported on the 
relationship between formulation design and dissolution 
rate of the capsule shell. Nevertheless, several formula- 
tions designed for specific uses have been patented 
(3-8) in this country. Recently, studies on comparisons 
of dissolution rates of drugs from soft gelatin capsules 
and tablets were reported (9, 10). The present report 
deals with a method to study the relationship between 


various factors influencing the dissolution rate of the 
soft gelatin capsule shell. 


In the design and formulation of soft gelatin capsule 
dosage forms, one should consider the effects of com- 
ponents and other parameters on the dissolution rate of 
the capsule shell. A method that is simple, fast, able to 
differentiate minor but meaningful changes in dis- 
solution rate, and readily reproducible is of great 
utility. Eckert ei al. (1 l), concerned with drug availa- 
bility, advocated the use of the in vitro initial-release 
rate to reflect this factor in the monitoring of soft 
gelatin capsule manufacture. The initial-release rate is 
adequate for such a purpose, but it lacks the sensitivity 
and simplicity based on the criteria of the present 
proposal. A more appropriate method was developed 
in this laboratory. 


Many factors that influence the dissolution rate of 
the soft gelatin capsule shell may be adequately studied 
by the use of the Nelson (12) modification of the Noyes- 
Whitney equation. Using the Noyes-Whitney equation, 
one may write: 


= KS(C, - c) dt 


where W is the amount dissolved, t is the time, K is the 
solution rate constant with dimensions of distance/ 


Vd. 62, No. 6, June 1973 0 1001 







lo t 


I 
I 


0,' 
I 


I 
I 


I 
I 


I 
I 


I 


,d 
I 


I 


.d 
0 


I 
0 


0 
/ 


1°' I I 1 I I I 1 
10 20 30 40 50 60 70 


GELATIN DISSOLVED, 96 
Figure 1-Plot showing the correlation of the percent dye and gelatin 
dissolved in simulated gastric fluid without pepsin at 37" and 100 
r.p.m. for a gicen dissolution time in the gelatin disk method. The 
dashed line is drawn for a theoretically perfect correlation. 


time, S is the surface area of the dissolving solid, C, is 
the concentration of dissolving solid at the liquid-solid 
interface, and C is the concentration in the dissolution 
medium. At very low percent saturations of dissolving 
substance in dissolution medium, Nelson (12) showed 
that the C term may be ignored so Eq. 1 reduces to: 


= KSC, (Eq. 2) 


Integration, with S considered a constant, yields: 
W - KSCIt (Eq. 3) 


By dividing both sides of Eq. 3 with Sand setting KC, = 
k, one then has : 


I 
f 


Table I-Repetitive Determinations of Dissolution Rate Constants 
of Gelatin A and B Type Soft Gelatin Capsule Shell Samples in 
Simulated Gastric Fluid T.S. without Pepsin at 37" and 100 r.p.m. 


A plot of W/S versus I yields a straight line going 
through the origin. The slope of the line equals k. 
Equation 4 is valid for initial dissolution rates and at 
dilute solutions, which is the case in the beginning of 
each dissolution experiment. 


EXPENMENTAL 


MahWs-Gehtins used were Type A USP and Type B USP, 
with gel strength in Bloom grams of 264 f 4l, 195 f 3¶, 27 f 1 *, 
and 77 & 2. The last was a blend of a higher and of a lower gel 
strength gelatin. The gelatins were sieved to obtain a particle size 
between U. S. Standard 2CL and &mesh screens. The following 
were also used : glycerin USP', sorbitol solution USP6, hexaglyferol6, 
FD&C certified Blue No. 17, lysine hydrochloride", and analytical 
reagent grade urea' and chemicals. Commercial grades of additives 


1 Kind and Knox Gelatin Co. 


a B. Young and Co. of America. Ltd. 
Rousselot Cow. 


Dow Charucal Co. 
Atlas Chemical Ind. 
Stokely-Van Camp. 


7 Hilton-Davis Chemical Co. 
8 Merck and Co. * MaUinckrodt Chemical Works. 
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Gelatin Type A Shell, Gelatin Type B Shell, 
mg./cm' min. mg./cm.* min. 


1.83 
2.07 
2.03 
1.98 
2.09 


Average& 2.00i 0.12 
SD 


2.74 
2.76 
2.65 
2.81 
2.84 
2.76 f 0.08 


were used where reagent grades were not available. 
Gel Sbenpth-Gelatin gel strengths, measured in Bloom grams 


by the use of a Bloom gelometer (13), are averages of duplicate runs. 
DIssolu~on Medium-The aqueous solution pH values were 


as follows: pH 1.2 simulated gastric fluid T.S. with or without 
pepsin (14), pH 1.2-2.0 USP standard buffer solutions (14), pH 7.5 
simulated intestinal fluid T.S. without pancreatin (14), pH 2.2-5.0 
Mcllvaine's standard buffer solution (IS), and pH 9.9 carbonate 
buffer solution (16). 
Preparation of SamplesOft  gelatin capsule shell disks, contain- 


ing about 0.25X on dry basis of FD&C Blue No. 1 with either 
Type A or B gelatin and varying amounts of plasticizer such as 
glycerin, may be made in the following manner. As an example, 
mix 60.25 g. gelatin with 31.50 g. glycerin in a 5OO-ml. filtering flask 
fitted with a stopcock. Add 33 ml. cold, aqueous solution of 250 
mg. FD&C Blue No. 1 dye and additive, if any, and mix well. 
Reduce pressure of system to deaerate contents, and close off stop- 
cock to maintain a reduced pressure. Heat system on a steam bath 
to dissolve contents and to obtain a flowable mass. Mix well by 
swirling flask contents without creating bubbles in the molten mass. 
Vent flask and pour flask contents on a clean glass plate. Immedi- 
ately level mass with a constant-thickness doctor blade. The formed 
film should be homogeneous and free of bubbles. Allow film to set at 
room temperature for 1 hr., and then mount film between two plastic 
brackets to keep it flat along edges. Allow film to equilibrate for at 
least 2 weeks in a desiccator containing solid calcium chloride in 
equilibrium with a saturated solution of calcium chloride. Just be- 
fore a dissolution run, cut a disk of the gelatin film with a No. 13 
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Figure &Plot of the amount dissolved (mg.lcm.1) versus time (min- 
utes), showing the dissolution of soft capsule shells made from a Type 
B gelatin in simulated gastricfluid at 37' and three rates of agitation. 







T.Me II-Salt Etreas on the Dissolution Rate Constants of 
Gelatin A and B Type Soft Gelatin Capsule Shells at 
37" and 100 r.p.m. 


Tpbk lII-?3ect of Pepsin in Simulated Gastric Fluid T.S. on the 
Dissolution Rate Constants of Slow Dissolving Type A Soft 
Gelatin Capsule Shell Samples at 37' and 100 r.p.m. 


* v g H  1 .2 
Sodium Chloride, Gelatm Type A, Gelatin 'Type B, 


M mg./cn' min. mg./cm' min. 


0.00 
0.034 
0.171 
0.342 


2.09 
2.00 
1.46 
1 .OO 


- 
2.76 
2.55 
2.48 


_ _ _ _ ~  ~~ 


Potassium q H l . 2 -  I p H 5 . a  
Chloride, Gelatin T v  B, Gelatin T w  A, Gelatin T y p  B, 
M mg.lcm.1 mm. mg./cm'rmn. mg./cm.'nun. 


1.45 1.08 


1.24 1.38 
1.13 1.44 


- - 


cork borer. Determine the weight of the disk on an analytical balance, 
and calculate the surface area from measurements of diameter and 
thickness. 
DIssdutIon Appara-The USP XVIII rotating-basket dissolu- 


tion apparatus (14) is used. A modification of this method was 
described recently (17) which facilitates faster determinations of 
dissolution rates. Throughout this study, the temperature of the 
dissolution medium was kept constant at the indicated temperature 
*O.l " by use of a constant-temperature circulator10. 


DIssolutioa -Place a weighed soft gelatin disk sample 
flat on the bottom of the stainless steel basket, and secure with fine 
stainless steel wires inserted crosswise immediately above the 
sample. Assemble to stirring motor and raise dissolution vessel to 
predetermined height by use of a laboratory jack. The temperature 
of the vessel and its contents is kept constant at the desired tem- 
perature =tO.l". Add 500 ml. simulated gastric fluid T.S. (with or 
without pepsin as the case may be) maintained at the same desired 
temperature. To start dissolution, turn on stirring motor set at a 
predetermined revolutions per minute. At suitable time intervals, 
determine the absorbance of the dissolution medium at 630 nm. 
wrsw water in a suitable spectrophometer. A Id. aliquot may be 
withdrawn for this purpose. However, absorbance is best deter- 
mined by continuous analysis in a spectrophotometer flow cell 
assembly. The amount of soft gelatin film dissolved in time t ,  Wt, is 
equal to that fraction of the disk dissolved in time t. One may write: 


A I M  WI - A, (Eq. 5) 


where M is the weight of the plug in milligrams, and A t  and A, are 
the absorbance values at 630 nm. for time t and infinity (completed 
dissolution), respectively. In this manner, the term W/S may be 
determined for comsponding values of time. The dissolution con- 


20 40 60 80 100 120 I40 
REVOLUTIONS PER MINUTE 


Figwe &Effect of agitation (r.p.m.) on the dhsolution mte con- 
siant (mg./cm.' min.) of soft capsule shells made from gelatin Types 
A (A) and B (0) in simulated gastricjluid at 37". 


BronwU modd 20, VWR Scientific. 


2-Weelr9ld Sa-mk, 2-Yeer-Old Sampk, 
melcm' rmn. mo.lca' min. 


With pepsin 2.22* 0.13 2.01 f 0.13 
Without pepsin 2.29* 0.08 1.50f0.19 


stant, k, is obtsined from the slope of the straight line in a plot 
of W/S wrsw t and will have the dimensions of mg./cm.: min., 
where S is measured in cm.1 and t in minutes. The results IVC 
av- of at least duplicate runs. 


VaHdity ofMstho&The use of soft gelatin capsule shell disks in 
the method mum that each test sample presents d o r m  and 


additional advnntage in being relatively simple to prepare. Since 
it is difIicuh to prepare soft gelatin capsule shell films containing 
the same amount of water, the conditioning of the film in a constant 
rdative humidity atmosphere befm a dispolution rate dctamiaa- 
tion is important because an unconditioned, h h l y  made sample 
has a relatively higher initial dissolution rate and this rate decreases 
to a constant value unda controlled humidity storage condition. 
The incorporation of the watcr-soluble dye permits ready appraisal 
of dissolution of the gelatin. The relatively simple absorbance 
measurement of the dye in the dissolution medium renders the 
method amenable to the use of the pesent USP XYIII rotating- 
basket dissolution apparatus. 


Apparently the water-soluble dye is distributed uniformly 
throughout the gelatin shell, and there is no indication that the 
dye diffuses from the matrix at a rate greater than the dissolution 
of gelatin. The diffusion of the dye out of the gelatin matrix is 
measurable only with nearly insoluble samples, where dissolution 
is extremely slow or at low temperatures and low agitations. Neva- 
theless, this rate is considerably less than normal dissolution and 
does not contribute sigdicantly to tbc measurements discussed. 
Furthermore, visual observations indicate that the amount of dye 
dissolved is proportional to the amount of the gelatin mass dis- 
solved. This was confirmed by analyses of both dye and &tin 
dissolved for a given dissolution time. The percent gelatin dissolved 
was calculated from the relative amounts of nitrogen in solution as 
determined by a slightly modified USP XVIII Method I1 (14). The 
described dissolution procedure was used with the exception that 
100 ml. instead of the 500 ml. of simulated pstr ic fluid made with- 
out pepsin was used. Figure 1 shows that the results fall on top of 
thetheoretscal ,perfectcomlationline. 


Constant Sur face  to the dissolVhg d U m .  The Sample dhk has the 
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Hgue 4-Arrheniw plot showing the eff't of tempenrture on the d& 
sdution mte consiant, k. of soji capsule shells made fm gelatin types 
A (A) and B (0) in simvlaied gastricfluid at 100 r.p.m. 
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Fig- 5-Wkct of p H  of the medium on the dissolution mte con- 
stant (mg./cm.l-inln.) of Jofr capsule shells made fvm gehin Types 
A(A)andB(O)at  100rg.m.and37". 


In separate experiments, the blue soft gelatin film, when dissolved 
in an acid dissolution medium at the concentrations of the dissolu- 
tion experiments, obeyed Beer's law at the wavekngth of 630 nm. 
The FD&C Blue No. 1 w89 chosen for its high absotptivity and 
water solubility. Although it is not the only dye that can be uscd in 
the method, the present report is limited to its use. 


Gas bubbks clogging the dissolution basket wire screen were 
obsaved to slow the dissolution rate measurably, but this s o w  of 
error was dminated by the removal of dissolved gas. The addition 
of a small piece of stainless steel screen or a piece of boiling stone 
helped the dissolved gas to nucleate and to grow into larger gas 
bubbks. Gentle agitation under reduced pressure removed the gas 
bubbles. This treatment, before each dissolution rate dettrmination, 
produced results that were reproducible and typical of thosc shown 
in Table I. 


RESULTS AND DISCUSSION 


SUrrlng Rate-Figure 2 shows plots of W/S versus time in min- 
utes at 50, 100, and 150 r.p.m. of the rotating Wet for gelatin 
Type B soft gelatin capsule shells in simulated gastric fluid T.S. 
without pepsin at 37". It can be seen that the lines are. straight, but 
they do not seem to extrapolate linearly to the origin as predicted 
by Eq. 4. These observed differences or apparent la8 times may be 
explained by the inellkimcy of mixing at lower stirring rates. This 
postulation is supported by the smaller apparent lag times at higher 
revolutions per minute values. Howevu. these apparent initial 
lag times seem to have little or no effect on the values of the dissolu- 
tion rate constants as shown in Fig. 3. The linear relationship as 
depicted in the plot of dissolution rate constant, k, versus 
revolutions per minute is in accord with a diffusioncontrolled 
dissolution process (18). Both Figs. 2 and 3 show the importance of 
agitation on the dissolution rate of the soft gelatin capsule shell. 
Withey and Mainville (19) came to a similar conclusion after they 
tested a soft gelatin capsule sample. 


Tmpartur~-Bccause of the abilities of gelatin to form thamally 
reversible rigid gels and to hydrogen bond, temperature may be 
expected to have a marked effect on the dissolution rate of soft 
gelatin capsule shells. Indeed, this is the case, especially below about 
42", as shown by the Arrhenius plots in Flg. 4 of log k versus the 
reciprocal of the absolute temperature. In the regions of the cutves 
below 42". the activation energy varies from 71 to 15 kcal./mole for 
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0.5 1.0 1.5 2.0 2.5 
GELATIN-QLYCERIN RATIO 


plsw I-@kct of golatln-glycerin mrio in a capsule formulation 
on the d i d u t i o n  mte constant (mg.lcm.1 min.) of So/l capsule shells 
made fvm a Typz B gelatin in simulated gastric fluid at 37" and 100 
r.p.m. 


the gelatin Type A and Type B soft gelatin capsule shell. By con- 
trast, the activation energy above 42" is relatively constant at 3.6- 
3.7 kcal./mole. Unfortunately, most of the dissolution rate deter- 
minations arc at 37". Consequently, the temperature of the medium 
during a dissolution rate determination must be kept precisely 
constant. 


Dhrohltka Medium-The influence of pH of the medium on the 
dissolution rate constant for gelatin Type A and Type B soft gelatin 
capsule shells is shown in Fig. 5. The pH seems to have little effect 
above a value of 3 on dissolution rate constants of both types of 
soft gelatin capsule shells. Also, tbere appears to be a minimum at 
pH S for the Type B gelatin in the pH dissolution profile. The pH 
of the minimum seems to coincide with the isoekctric point (pH 
4.741) of gelatin Type B. As the pH values decrease from 3 to 1, 
the dissolution rate constants seem to approach a higher plateau. 
This increase in dissolution rate may be due to the protonation of 
amino groups that have pKa values in this pH range. 


Srrmll amounts of salts such as sodium or potassium chloride 
may or may not have an effect on the dissolution rate constants of 
soft eelatin capsule shells, depending on the type of gelatin used and 
the pH of the medium. Both sodium and potassium chloride at 
concentrations from 0 to 0.30 M and a pH value of 5.0 seem to have 
no effect on the dissolution rate constant of both Types A and B 
soft gelatin capsule shells. However, at a pH value of 1.2, both 
salts 6ccm to have a small negative effect on the dissolution rate 
constants of both types of gelatin shells (Table 11). 


In most instances the use of pepsin in the simulated gastric fluid 
T.S. has little or no effect on the dissolution rate constant of the soft 
gelatin capsule shell. This is particularly true for relatively unaged 
and fast dissolving samples. However, in certain aged and relatively 
slow dissolving samples, the use of enzyme may increase the dissolu- 
tion rate. This is illustrated by the results listed in Table I11 for a 
2-yeor-dd sample and a relatively slow dissolving Type A soft 
gelatin capsule shell sample. It can be seen that in this instance there 
is no signilkant difference between the dissolution rate of a slow 
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FIgm &Wect of gelatin gel strength in B l m  gmms on the d i e  
dut ion mte constant (mg.lcm.1 min.) of SOB capsule shells made from 
Type B gelatins in simulated gastric fluid at 37" and 100 r.p.m. 
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GELATIN-SORBITOL RATIO 


Flgm 8-Wect of gelatin-sorbitd mtio in a capsule formulation on 
the dissolution mle constant (mg./cm.' min.) of mji capsule shells 
made from a Type B gelatin in simulated gastric fluid at 37" and 100 
r.p.m. 
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Table IV-Normal Gelatin-Glym'n Ratio Values for !Several 
Different Capsule Shell Formulations and Their Suggested Uses 


Gelatin-Glycerin Ratio suggested uses 
1.5-3.0 Oral products with oil vehicles 
1.0-2.0 Oral products with oil vehicles plus sur- 
1.0-2.2 Water-rmscible vehicles 
0.8-2.0 Organic solvents having a hardening 


0.5-1.5 squeeze-out-type capsules 
0.4-1 .o suppositories 


factant. 


effect on the gelatin shell 


dissolving sample in simulated gastric fluid T.S. with or without the 
use of pepsin. However, there is a small  difference in the dissolution 
rate of the aged sample. In a case of an aged soft gelatin capsule 
where dissolution rate was a problem, pellicle formation was ob- 
served. A thin membrane on the inner side of the capsule shell 
seemed to be responsible for the delay in dissolution time. A p  
parently the pepsin in the simulated gastric fluid helped to accelerate 
the dissolution of the pellicle and the subsequent liberation of the 
encapsulated drug. Pellicle formation in gelatin capsules has been 
encountered with aldehydes and/or aldehyde-containing liquids, 
such as in perfumes and flavors. The use of aldehyde, e.g.. for- 
maldehyde, to render gelatin less water soluble is the basis of a 
technique (3) to produce delayed-release soft gelatin capsules. 


Gelatin Gel Strength-For a given soft gelatin capsule, there is an 
optimum gelatin Bloom strength to use when all factors are taken 
into account. One of these factors is the dissolution rate of the 
capsule shell. The effect of Bloom strength on the dissolution rate 
constant of the Type B gelatin capsule shell in simulated gastric 
fluid without pepsin at 37" and 100 r.p.m. is shown in Fig. 6. It is 
not surprising to observe a linear relationship, since the same types 
of gelatin may be blended to obtain a desired property,such as Bloom 
strength. The straight line with a negative slope indicates a reverse 
linear relationship: the lower the Bloom the higher the dissolution 
rate and the higher the Bloom the lower the dissolution rate. This 
relationship holds true provided other factors are constant. For 
example, gelatins with higher Bloom values have greater physical 
strength; therefore, thinner films or ribbons may be made from 
them. Capsules made with thinner ribbons have faster apparent 
dissolution. In most instances, soft gelatin capsules are made with 
Type B gelatin having Bloom strength values between 150 and 200 
& 


Plastidzer-The plasticizer is an important part of the soft gelatin 
capsule shell formulation. Not too many compounds may be used 
to replace glycerin as the plasticizer of gelatin. Glycerin is relatively 
pure, commercially available in large quantities, relatively inexpen- 
sive, and nontoxic. Propylene glycol and polyethylene glycol 400 
can be used, but they have no advantage over glycerin. Sorbitol has 
limited uses as a plasticizer for gelatin. Usually it is used to replace 
part of the glycerin in cases where a low glycerin content is desirable 
in a particular formulation. Hexaglycerol and its family of polymers 
are not commercially available at present. They have properties 
similar to  glycerin as plasticizers for gelatin. The plasticizer in a 
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Figure %Effect of gelatin-hexaglycerd ratio in a capsule formula- 
tion on the dissolution rate constant (mg.1cm.s min.) of SOB capsule 
shells made from a Type B gelatin in simulated gastric fluid at 37" 
and 100 r.p.m. 


2 4 6 8 10 12 14 
UREA ADDED, % 


Figwe lO-&fkct of pemnt urw added to a capsule fortnuhtion on 
the dissdution rate constant (mg.lcm.1 min.) of SOB capsule shells 
made from a Type B gelatin in simulated gastric fluid at 37" and 100 
r.p.m. 


formulation, expressed as the gelatin-plasticizer ratio, controls 
the consistency of the soft gelatin capsule. Hmce, the gelatin- 
plasticizer ratio reflects the projected use of the capsule. F i w a  
7-9 show the influence of the gelatin-plasticiza ratio on the dis- 
solution rate constant of the Type B gelatin capsule shell. It is 
surprising to see that the gelatin-plasticizer ratios for glycerin, 
sorbitol, and hexaglymol have similar effects on the dissolution rate 
constant, in particular in the region between 1.2 and 2.0 ratios 
when the plasticizer seems to  have little influence on dissolution. 
Table I V  shows a tabulated list of normal gelatin-glycerin ratio 
values for several different capsule shell formulations and their 
suggested uses. 


Additlves-The influence of certain additives on the dissolution 
rate constant of the soft gelatin capsule shell in simulated gastric 
fluid without pepsin at 37" at  100 r.p.m. has been ihvestigated. 
Figure 10 reflects the increased dissolution rate, which may be 
attributabk to the hydrogen bond breaking effect of urea in a plot 
of dissolution rate constant ccrsus percent urea added to the capsule 
shell. The increase in dissolution rate is small for the amount of 
urea added. A somewhat greater increase with lysine hydrochloride, 
probably due to acidity, is illustrated in Fig. 11. For ease of com- 
parison, a list of additives tabulating the changes in the dissolution 
rate constant realized through the addition of 1 of each to a stan- 
dard soft gelatin capsule shell formulation is compiled in Table V. 
Most of the compounds caused only a slight change in 3hc dissolu- 
tion rate constant. Acid salts and mineral and organic acids seem to 
cause the largest change in dissolution rate, probably due to acid 
hydrolysis of the polypeptide in the &tin. 


SUMMARY AND CONCLUSIONS 


A simple method is described to study the effects of various factors 
on the dissolution rates of soft gelatin capsule shells. The method 
involves the use of the current USP XVIII dissolution apparatus 
and the spectrophotometric determination of the amount of dye 
dissolved from a blue, soft gelatin capsule shell disk placed in the 
rotating basket. The validity of the gelatin disk method was con- 
fumed by a correlation study of the percent dye and gelatin dis- 
solved for any given dissolution time. Dissolution rate constants 
may be obtained from a plot of the amount of the soft gelatin 
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LYSINE HYDROCHLORIDE ADDED, % 


Figme 11-meet of percent lysine hydmchloride added to a capsule 
formulation on the dissolution rate constant (mg.lcm.1 min.) of SOB 
capsule shells made from a Type B gelatin in simulated gastric fluid 
at 37O and 100 r.p.m. 
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T.#a V-Wects of Some Additives on the Dissolution Rate of a 
Typical Soft Oelatin Capsule Shell 


REFERENCES 


Compound Added 


Change in Dissolution 
Rate/l Z Added, 


mg./min. c n ’  


ACaCia 
Ammonium Citrate 
Ammonium nitrate 
Fumaric acid 
Glycine 
Hydrochloric acid 
Lysine hydrochloride 
Maluc acid 
Poloxakne W E  
Poloxalene L64E 
Polysorbate 80 
Pol ’nylpyrrolidone SOdI” um acetate 
Sodium carbamate 
Starch, potato 
T v i c  acid 
Tlllourea 
Urea 


0.044 
0.030 
0.044 
0.778 
0.140 
7.320 
0.215 
0.550 ..... 


0.050 
0.150 
0.460 
0.025 
0.110 
0.147 
0.086 
0.443 
0.155 
0.0% 


Pluronk (brand of poloxamcr). BASP Wyandotte Corp. 


capsule shell dissolved, which is directly proportional to the dye 
dissolved, divided by the dissolving solid surface area uersus time. 


The use of the gelatin disk method has permitted the present in- 
vestigation of the influence of agitation, temperature, dissolution 
medium, gelatin gel strength, plasticizer, and certain additives on 
the dissolution rate of the capsule shell. Gelatin gel strength, when 
measured in Bloom grams, appeared to have an inverse linear 
relationship with dissolution rate. The plasticizer plays an important 
role, and its &ect on dissolution rate seems to depend on the 
gelatin-plasticizer ratio in a particular formulation. Acid salts 
and mineral and organic acids seem to cause a greater change in 
dissolution rate, probably due to acid hydrolysis of gelatin. 


In conclusion, various factors have been demonstrated to in- 
fluence soft gelatin capsule shell dissolution rates. A knowledge of 
these relationships is helpful in the formulation of soft gelatin 
capsule shells for various purposes. 
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Salicylate Release Characteristics of Selected 
Polyethylene Glycol Suppositories 


HAROLD W. PUFFER' and WILFRED J. CROWELL 


Abstract 0 Salicylate suppositories were prepared using poly- 
ethylene glycol 1540 and polyethylene glycol 6000 in various pro- 
portions. The iti citro release of salicylates from each suppository 
combination was studied using a closed system apparatus designed 
to  circulate fluid about the suppository at  37 f 0.2". At scheduled 
time intervals, samples of the circulating fluid were assayed spectro- 
photometrically for salicylate content. Suppositories were also 
removed from the apparatus, their length and diameter were meas- 
ured with a vernier caliper, and thechange in their surface area was 
calculated. These surface area changes were then correlated with 
the salicylate release data. Release of salicylate from the poly- 
ethylene glycol suppositories simulated zero-order kinetics, and 
the time for 50% release of salicylate ( t i ,  :) from each polyethylene 
glycol combination did not differ significantly for salicylic acid or 
its sodium salt. Salicylate release differed markedly for bases 
composed solely of polyethylene glycol 1540 or 6000; however, 
when suppositories contained a mixture of the two polyethylene 
glycols, the rate of release of salicylate approximated that observed 
for a base composed solely of polyethylene glycol 6000. 
Keyphrases 0 Suppositories, polyethylene glycol-salicylate re- 
lease characteristics 0 Polyethylene glycol suppositories-sali- 
cylate release characteristics 0 Salicylate release characteristics- 
polyethylene glycol suppositories 0 Release characteristics, sali- 
cylate-polyethylene glycol suppositories 


The polyethylene glycols are water-soluble polymers 
of ethylene glycol; they are widely used in pharma- 
ceuticals as solvents, as tablet binders and coatings, as 
cosmetic bases, and as ointment and suppository 
vehicles. When used as suppository vehicles, they release 
incorporated medicament by dissolving in the rectal 
fluids. Several investigators compared the liquefaction 
(1) and disintegration times (2, 3) and the absorption of 
drugs from polyethylene glycol bases with other sup- 
pository bases such as theobroma oil and glycerinated 
gelatin (4-10). However, studies on the effects of varying 
polyethylene glycol base composition on release kinetics 
have not been reported. Therefore, the purpose of this 
study was to investigate the drug release characteristics 
of various polyethylene glycol suppository bases. 


EXPERIMENTAL 


Preparation of Suppositories-The suppositories were formulated 
to contain 60 mg. of salicylic acid or 70 mg. of sodium salicylate by 
melting the polyethylene glycols1 at  64 & 2" on a hot plate and then 
dissolving the salicylates2 into the melt. The molten mass was poured 
into a polytetrafluoroethylene-coated (1 I )  mold3 and allowed t o  
solidify at  23 f 3". The suppositories were removed from the mold 
and stored in well-closed containers at  8". Prior to use, all sup- 
positories were allowed to  stand for 4-6 hr. at  room temperature. 


Five lots, of 20 suppositories each, were prepared for each 
formulation (Table I). Each suppository was cylindrical in shape, 


1 Union Carbide Corp., New York, NY 10017 
2 Mallinckrodt Chcmical Works, St. Louis, MO 63147 


The mold, constructed from aluminum plate and having a capacity 
of 30 cavitics, 0.9 nil. each, was polytetrafluorocthyleiie coated by 
Tetrafluor, Division of Amcrco Inc., Inglewood, CA 90301 


measured 17.8 mm. in length and 8 mm. in diameter, and weighed 
approximately I g. 


All chemicals used were USP grade. 
Dissolution Apparatus-The dissolution apparatus consisted of a 


flow chamber, constant flow pump, and solution reservoir. The flow 
chamber was constructed from a glass tube with an inside diameter 
of 2.2cm. and a length of 7.5 cm. A stainless steel screen, resting on a 
fiber washer, was used to  support the suppository inside the cham- 
ber. Each end of the chamber was fitted with a Biichner filter holder. 
The upper filter holder was modified to  accommodate a calibrated 
thermometer having a range of from -2  to  68", graduated in 
intervals of 0.2". A vial filler' was used to  circulate distilled water 
from a sampling reservoir and past the suppository in the flow 
chamber at a rate of 1 ml./sec. 


The volume of the circulating fluid was kept constant at 500 ml. by 
adding an equal volume of water each time a sample was with- 
drawn. The fluid was maintained at  37 f 0.2", and evaporation 
from the system was prevented by placing a Mylar closure around 
the opening of the sampling flask. 


Salicylate Release Determination-Suppositories from the various 
lots were chosen at  random and placed individually in the flow 
chamber of the suppository dissolution apparatus. Half-milliliter 
samples of the circulating fluid were withdrawn a t  100-sec. intervals 
and assayed for salicylate content. Reference solutions for the assay 
of the salicylate released were prepared by adding 0.5 ml. of dilute 
salicylate solution to 4.5 ml. of 0.1 N HCI. The absorbance of each 
reference solution was read at  304 nm. on a spectroph~tometer~. 


Suppository Surface Area Determination-Suppositories were 
removed from the flow chamber of the dissolution apparatus, and 
the length and diameter of the suppositories were measured using a 
vernier caliper. The measurements obtained were then used to 
calculate the surface area, A, of each suppository using the equation: 


TD1 


2 A = - + TDL 


where T is 3.142, D is the diameter of the suppository, and L is the 
length of the suppository in millimeters. 


RESULTS AND DISCUSSION 


In general, the release of salicylates from the polyethylene glycol 
bases shows deviation from linearity for the first 6 mg. and for the 
last 12 mg. from each base (Figs. 1-4). The deviation from linearity 
for the last 12 mg. of drug released, that is, for the last 20% of the 
data, may be explained in terms of crystal formation by the poly- 
ethylene glycol matrix during cooling. Although the suppositories 
retained a cylindrical shape remarkably well, a core of harder 
material was observed dliring the latter stages of dissolution. The 
appearance of this slower dissolving core correlated approximately 
with the last 20% of the dissolution period. This harder core most 
likely arises from a slower cooling of the inner core producing more 
crystallinity t o  the mass than the quicker cooling of the outer areas 
of the cylinder and the resulting lower degree of crystallinity in the 
polyethylene glycol. The greater the degree of crystallinity, the 
slower is the dissolution. The degree of crystallinity of these polymers 
is known t o  be related t o  their thermal history, particularly the time 
element6. 


4 The model A B, Pilamatic vial filler? manufactured by N?tional In- 


5 A Beckman model DU,R recording quartz spectrophotonietcr 


6 The authors arc grateful to the reviewer for suggesting crystal 


struments Co.. Baltimore, Md., was equipped with a 5-ml. syringe. 


equippcd with a Gilford modificatlon. 


formation as an explanation for the slower dissolving core. 
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Figure 3-In vitro release 
of salicylates fmm a s u p  
pository base consisting of 
polyethylene glycol 1540 
(80%) and polyethyler:e 
glycol 6000 (2073. Key: 
- , salicylic acid, 60 mg., 
in base; and . . ., sodium 
salicylate, 70 mg., in base. 
Ecrch point represents the 
mean oalue of fiw supposi- 
tories (wrtical bars f SE). 


Figure 1-In vitro release o 
salicylates from a suppository 
base consisting of polyethylene 
glyco/ 1540 (100z). Key: 
- , salicylic acid, 60 mg., 
in base; and ..., sodium 
salicylate, 70 mg., in base. Each 
point represents the mean value 
of fiw suppositories (vertical 
bars f SE). 
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Figure 2-111 vitro release of salicylates from a suppository base 
consisting of polyethylene glycol 6OOO (100%). Key: -, salicylic 
acid, 60 mg., in base; and. . ., sodium salicylate, 70 mg., in base. Each 
point represents the mean value of fiw suppositories (wrtkal  bars f 
SE). 


Figure 4-In vitro release of salicylates from a suppository base con- 
sisting of polyethylene glycol 1540 (20z) and polyethylene glycol 
6000 (80%). Key: -, salicylic acid, 60 mg., in base; and . . ., 
sodium salicylate, 70 mg., in base. Each point represents the mean 
d u e  of fiw suppositories (vertical bars f SE). 


From the data presented, it would seem that the drug itself has 
little effect on the rate of dissolution. Rather, it is the character of 
the polyethylene glycol matrix that is most influential. However, it is 
known that salicylates form complexes with the polyethylene glycols 
(12-14); this phenomenon probably occurs and may have some 
minor influence. 


The deviation from linearity for the first 10% of salicylate release. 
is attributed to incomplete mixing of the circulating test solution and 
correlates with the time required for fresh solution to be pumped 
from the reservoir past the suppository. 


Plots of the linear portion of the salicylate release. data are cor- 
rected to pass through the origin using the equation: 


Sr' = k't (a. 2) 


where Sr' represents the corrected value for the milligrams of 
salicylate released at time 1, and k' is the slope of the linear portion 
of the plotted data. Plots of the corrected salicylate release data are 
shown in Figs. 5 and 6. 


Although it was apparent that the release of salicylate from poly- 
ethylene glycol bases simulated zero-order kinetics, the existent 
deviation from linearity suggested the necessity of further studies, 
regarding the change in the surface area of the suppositories with 
time. Therefore, suppositories were removed from the dissolution 
apparatus at selected time intervals, and the length and diameter af 
each suppository were measured and its area was calculated as 
previously described (see Experimental: Suppository Surface Area 
Determination) using Eq. 1. Plots of the calculated area versus time 
are shown in Fig. 7. 
In addition, the rate constants for the change in surface area of the 


suppository with respect to time were calculated by differentiating 
Eq. 1 togive: 


which for a small change in time may be expressed as shown in a. 5 :  


AA AD A(DL) 
At At At - = r D - - - + r -  


Table ISuppository Formulations 


Assayed 
PEG" Salicylate 


Num- Formula - as L n t  tent*, me./ 
Ex ressed Con- 


ber Component g. of Base Suppository 
~~~ 


Polyethylene glycol 1540 
Salicylic acid 
Pol ethylene glycol 1540 
s d u m  salicylate 
Polyethylene glycol 6OOO 
Salicylic acid 
Polyethylene glycol 6OOO 
Sodium salicylate 
Polyethylene glycol 1540 
Polyethylene glycol 6OOO 
Salicylic acid 
Polyethylene glycol 1540 
Polyethylene glycol 6OOO 
Sodium salicylate 
Polyethylene glycol 1540 
Polyethylene glycol 6ooo 
Salicylic acid 
Polyethylene glycol 1540 
Polyethylene glycol 6OOO 
Sodium salicylate 


~~ 


18.80 
1.20 


18.61 
1.39 


18.80 
1.20 


18.61 
1.39 


63 


62 


63 


61 


61 15.04 
3.76 
1.20 


14.89 
3.72 


6 59 


1.39 
3.76 59 7 20 


80 15.04 
1.20 d 


= $( r $) + 8 ( r D L )  
8 3.72 


14.89 
1.39 


20 
80 
- 


55 


which reduces to: 


- dD d(DL) 
d m  TD- f r -  dt dt dt 


~~ 


= Abbreviation for polyethylene glycol. * See Experimental: Salicylare 
Release Determination. 
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Figure 5-Plots of corrected data for in vitro release of salicylates 
from various suppository bases. Key: -, salicylic acid, 60 mg., 
in polyethylene glycol 1540 (80%) and polyethylene glycol 6ooo 
(20%) (Formulation No. 5); . . ., sodium salicylate, 70 mg., in poly- 
ethylene glycol 1540 (80%) and polyethylene glycol 6OOO ( 2 0 x )  
(Formulation No. 6); - -, salicylic acid, 60 mg., in polyethylene 
glycol 1540 (20%) and polyethylene glycol 6000 (8057,) (Formula- 
tion No. 7); and - - -, sodium salicylate, 70 mg., in polyethylene 
glycol 1540 (20%) and polyethylene glycol 6000 (80z)  (Formula- 
tion No. s). The acerage oalue of salicylate released from fiw sup  
positories at each time interoal was used to determine the slope of 
eachplot. 


Taking D = DI at t = tl and D = DI at  t = ts: 


AA As - A1 (Eq. 6) 


and : 


0 2 4 6 8 10 12 14 16 18 
SECONDS (HUNDREDS) 


Figure &Plots of corrected data for in vitro release of salicylates 
from various suppository bases. Key: -, salicylic acid, 60 mg.. 
in polyethylene glycol 1540 (100%) (Formulation No. 1); . . ., sodium 
salicylate, 70 mg., in polyethylene glycol 1540 (100%) (Formulation 
No. 2); --, salicylic ucid, 60 mg., in polyethylene glycol 6000 
(10057,) (Formulation No. 3); and - - -, sodium sdicylate, 70 mg., in 
polyethylene glycol 6OOO (100%) (Formulation No. 4). The average 
value of sulicylare releused from five suppositories at each time interoal 
was used to determine the slope of each plot. 


500 


0 2 4  6 8 10 12 14 16 
SECONDS (HUNDREDS) 


Figure I-Change in surface area of oarious suppositories with re- 
spect to time. Key: . . ., sodium salicylate, 70 mg., in polyethylene 
glycol 1540 (100%) (Formulation 2); - - - , sodium salicylate, 70 
mg., in polyethylene glycol 1540 (80%) and polyethylene glycol 6OOO 
(20%) (Formulation No. 6):  and -, salicylic acid, 60 mg., in 
polyethylene glycol 6ooo (10057,) (Formulation No. 3). Each point 
represents the mean oalue offive suppositories (wrtical bars f SE). 


If A decreases uniformly with time, one can say: 


dA k a -  
dr (Eq. 9) 


where k is the rate constant for a pseudo-zero-order reaction. For a 
small change in time, Eq. 9 m a y  be expressed as: 


AA k - -  At 


Substituting Eq. loin Eq. 7, one has: 


Taking a typical set of experimental results, one can calculate the 
rate constant. k, for the change in surface area of the suppository 
with respect to time. For example, consider the means (Fig. 7) for the 
suppository base containing polyethylene glycol 1540 (80%) and 
polyethylene glycol 6OOO (2073, where: 


DI = 8.0mm. 


DS = 3.8mm. 


L, = 17.8mm. 


b = 9.61nn1. 


tl 9 0.osec. 


t s  = 8 0 0 . 0 ~ ~ .  


Substituting these values into Eq. 11, one has: 


3.142 (8'o 3'8)(3.8 - 8.0) 


800-0  + k -  


3.142 x [(3.8 X 9.6) - (8.0 X 17.811 12a) 800 - 0 


or : 
k = -0.513 (Eq. 126) 


The value calculated for k (-0.51 3) approximates the value ob- 
tained by graphical analysis of the data (Fig. 3) and indicates that the 
change in surface area simulates zero-order kinetics. Therefore, one 
can assume thet the release of salicylates from the polyethylene 
glycol suppositories also simulates zero-order kinetics. This assump- 
tion is in accord with findings reported by Wagner ( I  5). 
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Table II-Average’ Half-Lives and Rate Constants for Release 
of Salicylate from Various Polyethylene Glycol Suppository 
Formulations 


Average Average 


Num- Suppository (E l / , )  f SE, (h’) f SE, 
ber Formulation* sec. mg./sec. 


Half-Lives Rate Constants 


Salicylic acid 
Polyethylene 
glycol 1540 
(1000%) 


Sodium salicylate 
Polyethylene 
glycol 1540 
(100%) 


salicylic acid 


Sodium salicylate 
P0;gthl 


(100%) 
Salicylic acid 


Polyethylene 
glycol 1540 
(800%) 
Pol ye th ylene 
glycol 6OOo 
(WZ’,) 


Sodium salicylate 
Polyethylene 
glycol 1540 
(80%) 
Polyethylene 
glYcol6OOo 
(200%) 


Salicylic acid 
Polyethylene 
glycol 1540 
(200%) 
Polyethylene 
glycol 6OOo 
(80 %) 


Sodium salicylate 
Polyethylene 
glycol 1540 


glycol 
(800%) 


426 f 31 0.07483 f 0.00356 


385 f 9 0.08119 f 0.00191 


1118 f 5 0.02827 f O.ooo41 


834 f 14 0.03320 f O.ooo41 


586 f 11 0.05244 f O.OOO74 


546 f 17 0.05411 f 0.00161 


1090 i 12 0,02966 f 0.00063 


805 f 7 0.03446 f 0.00112 


0 Represents the average of five sup ositories. * Each suppository was 
formulated to contain either 60 mg. o?salicylic acid or 70 mg. of sodium 
salicylate. 


The time for 50% release of salicylate from each suppository. t1/,, 
was calculated as follows: 


Sn, 
t’/,  = 


where Sro is the total milligrams of salicylate released from the 
suppository (Table I), and k’ is the release rate constant expressed in 
milligrams per second. The release rate constant, k’, was also 
calculated using the expression: 


Sr 
t 


k’ i - 


where t is the time when 80% of the salicylate, Sr, is released. 


Taking a typical set of experimental results, that is. where t = 
1800 sec. and Sr = 51 mg. (see Fig. 6, Formulation No. 3), one has: 


k’ = 51 = 0.0283 mg./sec. (Eq. 15) 1800 


and : 


t1/* = 63 = 1113sec. (2) (0.0283) (Eq. 16) 


Plots of the corrected salicylate release data (Figs. 5 and 6) and the 
hall-lives for salicylate release from each suppositor) base (Table 11) 
indicate that sodium salicylate is released at a slightly faster rate than 
is salicylic acid. The data also show that the composition of the 
polyethylene dycol base can affect markedly the time for 500% 
salicylate release. For example, the half-life of salicylic acid in 
polyethylene glycol 1540 is 426 sec., whereas in polyethylene glycol 
6OOOitis 1118 sec. 


The appreciable differences between the half-lives for salicylates 
in the various polyethylene glycol bases m a y  be predicted from 
a knowledge of the physical-hemical properties of the polyethylene 
glycols. For example, polyethylene glycol 1540 is approximately 1.5 
times more soluble in water than polyethylene glycal6OOO (16). 


The data also show that when mixtures of the polyethylene glycols 
are used in the suppository bases (Figs. 5 and 6). the rate of release 
of salicylate tends to  approximate that observed for the higher 
molecular weight polyethylene glycol component. For example, the 
base consisting of 80% polyethylene glycol 6OOO has a salicylate 
release half-life (Table 11) almost identical with that observed for the 
base composed solely of polyethylene glycol 6OOO. In contrast, the 
base containing 80% polyethylene glycol 1540 has a salicylate release 
half-life that differs appreciably from that for the base consisting 
solely of polyethylene glycol 1540. 
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NOTES 


4-Methanesulfonyloxybutand: Hydrolysis of Busulfan 


P. W. FEW and N. RASTRUP-ANDEWEN 


Abetrad 0 The hydrolysis of busulfan (1.4-dimethanesulfonyloxy- 
butane) was investigated by means of NMR spectroscopy. The final 
hydrolysis product was found to be tetrahydrofuran. The rather 
unstable intermediate, Qmethanesulfonyloxybutanol, was synthe- 
sized and proved to undergo cyclization to tetrahydrofuran by 
intramolecular alkylation. The half-life of this first-order reaction 
in aqueous solution at 37" was determined to be approximately 12 
min. at pH 3 as well as at pH 7.4. From the present data, it is con- 
cluded that Qmethanesulfonyloxybutanol k unlikely to be responsi- 
ble for the biological action of busulfan. 


Kcypbrnses 0 Busulfan-hydrolysis, NMR determination of hy- 
drolysis intermediate as Qmethanesulfonyloxybutanol 0 4- 
Methanesulfonyloxybutanol-synthesis, identified aa an unstable 
intermediate in the hydrolysis of busulfan, NMR 0 NMR spec- 
troscopy-identification of 4methanesulfonyloxybutanol as an 
unstable intermediate in the hydrolysis of busulfan 


In connection with an investigation of the genetic 
action of busulfan (1,44imethanesulfonyloxybutane), 
it has been found that aqueous solutions of hydrolyzed 
busulfan, as well as solutions of a compound assumed 
to be 4-methanesulfonyloxybutanol (III), induced mu- 
tations to a greater extent than busulfan itself (1). 
Compound 111, formerly a monofunctional alkylating 
agent, was of potential interest as an intermediate in 
the hydrolysis of busulfan with reference to the dis- 
cussion of the mechanism of the biological effects of 
busulfan. To our knowledge, the synthesis and stability 
of I11 have not been described in the literature'. For 
this reason, it seemed justified to synthesize the in- 
termediate I11 and to investigate its behavior. Further- 
more, the partial saponification and hydrolysis of bu- 
sulfan were followed by NMR spectroscopy. 


EXPERIMENFAL' 


S y ~ - B e n z o y l - l - m ~ t h a n e s u l / o n y l o x y b u t u ~  (II)-To a 
stimd mixture of Qbenzyloxybutanol (I) (2) [9 g., 0.05 mole. b.p. 
157-160" (12 mm.)] and methanesulfonyl chloride (6.9 g., 0.06 
mole), pyridine (20 ml.) was added dropwise while keeping the 
temperature below 40" by pooling. After additional stirring for 1 
hr., the reaction mixture was poured into a mixture of ice and 4 N 
HCl. It was extracted with chloroform and the organic layer was 
washed with 4 N HCl, dried (magnesium sulfate), and evaporated 
in w u o .  The residue was suspended in water, and the excess 
methanesulfonyl chloride was hydrolyzed at room temperature at 
pH 7 using an automatic end-point titrator (1 1.2 ml. of 1 N NaOH). 


1 The authors were not successful in obtaining the details of the origi- 
nal method of pr aration of the compound (1) alleged to be the mono- 
may1 derivative %. * Tho NMR spectra were obtained on a Varian A-60 A spectrometer. 
The titration curves were obtained on a Radiometer titrator. Type TIT 
la. equipped with a Radiometer titrigraph. SBR 2b. 


It was extracted with chloroform, washed with water, dried (mag- 
nesium sulfate), and evaporated in DUCUO, yielding crude I1 (12 g.. 
93%). Crude I1 (3 g.) was chromatographed on a dry silica gel 
columnx. The fractions, shown by TLC' to be homogeneous, were 
combined and evaporated in oucuo. After drying of the residue in 
DUCUO (1 mm.) for 2 hr. at 22". I1 was obtained as a colorless oil 
(2.1 8.); NMR (CDClr, tetramethylsilane): CHtCHl (m, 1.78, 4H). 


Anal.-Calc. for C1~Hl~OO$ (mol. wt. 258.32): C, 55.80; H, 7.02; 
S, 12.38. Found: C, 55.67; H, 7.04; S, 11.92. 


4-Methanesulfonyloxybutand (lII)-A solution of I1 (1 g., 3.9 
mmoles) in dry ethanol (15 ml.) was hydrogenated at room temper- 
ature after addition of 10% palladium-on-charcoal (0.15 8.). After 
the uptake became negligible. the catalyst was removed by filtra- 
tion. The filtrate was evaporated in uocyo in a bath not exceeding 
15" to yield 111 as a colorless oil. All operations including analyses 
were performed within 6 hr., and 111 was kept below -10" when 
possible. The NMR spectrum of 111 is given in Fig. 1. 


Anul.--Cak. for CsHl*O4S (mol. wt. 168.21): C, 35.70; H, 7.20; S, 
19.05. Found: C, 35.46; H, 7.59; S, 18.92. 


Half-Life Studies-The half-life of 111 was obtained by titration 
of liberated methanesulfonic acid in 0.1-mmole solution of 111 at 
pH 7.4 and 3, respectively, using 0.33 N NaOH. The titration curve 
was recorded until the sodium hydroxide consumed had become 
negligible. The reaction order and the half-life were determined as 
usual. 


Hydrolysis of Busultan-Acidic Conditions-A suspension of 
busulfan (0.025 g., 0.1 mmole) in deuterium oxide (Dlo) (0.4 ml.) 
was kept in a sealed NMR test tube at 70" and shaken occasionally 
until a solution was obtained (24 hr.). The NMR spectrum was re- 
corded to show the signals of IV. The formation of IV was verified 
and the absence of l,r)-butanediol was proved by NMR spectra 
taken after the addition of 1V and the dial successively to the de- 
sealed NMR tube. 


Alkaline Conditions-The experiment was performed as described 
under Acidic Conditions, except that 2.4 N NaOD (0.1 ml.) was 
added to the suspension prior heating to show IV as the reaction 
product. 


Purrial Suponifcarion-To a mixture of busulfan (0.125 g., 0.5 
mmole), B O  (1 ml.), and (CD&CO (3 ml.), 2.4 N NaOD (0.2 ml., 
0.48 mmole) was added and the mixture was refluxed for 4 hr. The 
NMR spectrum of the still alkaline reaction mixture was examined, 
and the presence of I V  along with the starting material was proved 
as described under Acidic Conditions. 


CH~OrSO (s, 2.94, 3H), CHKHrO (t, 3.52, 2H), CH*OSO* (1, 4.26, 
2H), CasCH*O (s, 4.51, 2H), and csH5 (s, 7.36, M). 


RESULTS AND DISCUSSION 


Experiments to provide r)-methanesulfonyloxybutanol(III) by par- 
tial saponification of busulfan, as well as total hydrolysis under 
acidic and alkaline conditions, were followed by NMR spectros- 
copy. No reaction products but tetrahydrofuran (1V) could be 
detected. Fast cyclization of 111 to IV by intramolecular alkylation 
was the only explanation for this result and was consistent with the 
described cyclization of partially mesylated or tosylated polyalco- 
hols under acidic (3,4) and alkaline ( 5 )  conditions. The same type 
of cyclization occurs during the recently reported (6) formation of 


HFm. Merck; GHIS (three parts), ethyl acetate (one part); detec- 
tion by UV. 
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Figure I-NMR spectrum of I l l ,  10% (CDClr, tetmmethylsilane). 
The integral b is recorded after shaking the NMR solution with DtO. 


2,5-dimethyltetrahydrofurans from their corresponding 2,5-bis- 
methanesulfonyloxyhexanes. For these reasons, the synthesis of 
111 was based on a temporary protection of the hydroxyl function 
as outlined in Scheme 1. The reductive debenzylation as the last 
step resulting in 111 was advantageous since it could be performed 
under mild conditions to yield 111 quantitatively as a colorless, 
analytically pure, and unstable oil. The structure was proved by its 
NMR spectrum in CDCL (Fig. 1). When the NMR test tube was 
left for 46 hr. at room temperature, an almost quantitative for- 


mation of IV and methanesulfonic acid was observed. In water, 111 
has a half-life of approximately 12 min. at 37' both at pH 7.4 and 
3, and it was transformed to IV both in the neutral and acidic solu- 
tions in a firstorder reaction. The cyclization could conveniently 
be followed by titration of liberated methanesulfonic a id .  
The presented results proved that the hydrolysis of busulfan kah 


to tetrahydrofuran (IV) through the intermediate 111, which is in 
contrast to the reported formation of 1,4butanediol(7). When one 
considers the high rate of cyclization of the monomcsyl compound, 
111, it is unlikely that this compound is responsible for the biological 
action of busulfan. 


REFERENCES 


(1) G. Roehrborn. 2. Vererbungsfehre, 90, 11q1959). 
(2) H. J. Pistor, German pat. 802.817 (1951); through Chem. 


(3) S. B. Brown and G. M. Tinunis, I. Chem. Soc., 1961.3656. 
(4) P. W. Feit, Chem. Ber., 96,7121963). 
(5) F. C. Hartman and R. B a r b ,  I. Org. Chem., 28,1004(1%3). 
(6) A. R. Jones, Chem. Commwr., 1971,1042. 
(7) R. F. Hudson, G. M. Timmis, and R. D. Marshall, Blochem. 


Abstr., 45, 7578e(1951). 


Phannacol., 1,48(1958). 


ACKNOWLEDCMENTS AND ADDRESES 


Received November 2, 1972, &om Leo Pharmaceutical Products, 


Accepted for publication January 10,1973. 
The authors are indebted to Dr. A. Loveless, Chester Beatty Re- 


search Institute, Landon S.W. 3, En&md, and Dr. B. W. Fox, 
Patuson Laboratories, Mancbester 20, England, for the encourage- 
ment to perform thc presented study. The technical assistance by 
H. Dannacher is acknowledged. 


DK-2750 Ballerup, Denmark. 


A To whom inquiries should be directed. 


1008 Journal of Pharmaceutical Sciences 








I 
0 0.2 0.4 0.6 


[NITROGLYCERIN]. mg./ml. 


Figure 2-Calibration of kinetic assay against USP method using 
solutions of nitroglycerin prepared from tablets (0) andpowders (A). 


present, since a solution of lactose in the absence of 
nitroglycerin produced a similar blank reading. This 
small blank reading was constant during the time of the 
kinetic assay and did not appear to be sensitive to 
changes in lactose concentrations. Sodium nitrate and 
nitrite did not give observable absorbances under similar 
experimental conditions. 


BOOKS 


The kinetic assay described here appears to be 
specially suitable for content determination of nitro- 
glycerin in single tablets. The tablet can be placed 
directly in a 1-cm. UV cell and immediately assayed, 
with minimal requirements of manipulative steps, 
reagents, and instrumentation. Its simplicity, accuracy, 
and ready adaptability to automation strongly recom- 
mend the kinetic assay for use in the quality control 
and formulation research of nitroglycerin dosage forms. 
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REVIEWS 


Neurophannacdoey and Behavior. By V. G. LONGO. W. H. Freeman, 
660 Market St., Sen Francisco, CA 94104, 1972. 184 pp. 15 
x 23.5 cm. Price $6.95. 
This relatively brief book does not attempt to cover all aspects of 


psychotropic drugs. The author, by drawing on his own research in 
this field, has written a very readable and interesting book covering 
the discovery, development, and use of psychotropic drugs. It is 
divided into four chapters-Antipsychotic Drugs, Antidepressant 
Drugs, Tranquilizing Drugs, and Hallucinogenic Drugs. For the 
reader interested in a historical perspective or a good overview, this 
book is recommended. 


Stag Reoiew W 


International Drug Monitoring: The Role of National Centres. 
World Health Organization Report Series. World Health Organi- 
zation, Geneva, Switzerland. (Available from American Public 
Health Association, 1015 18th St., N.W., Washington, DC 200361, 
1972.47 pp. 16 X 24cm. Price $1.00. 
The development of systems for detecting adverse drug reactions 


has recently received increased attention. This report offers guide- 


lines on the methodology and organization of national detection cen- 
ters and the role of such national centers in an international report- 
ing system. Since resources vary from country to country, a flexible 
approach is stressed. Recommendations concerning the principal 
activities of national drug monitoring centers are given as well as 
suggestions relative to the means for carrying out these activities. 


Stoff Review 


Automation and Management in the Clinical Laboratory. Edited 
by GEORGE E. WESTLAKE and JAM= L. BENNINGTCM. University 
Park Press, Chamber of Commerce Building, Baltimore, MD 
21202,1972.274 pp. 13.5 X 20.5 cm. Price S12.50. 
Hospitals have been the subject recently of allegations of ineffi- 


ciency and wastefulness. This book represents the updated and re- 
vised proceedings of a conference, held in May 1971, on effective 
management of clinical laboratories. This meeting attempted to 
apply industrial engineering techniques to the medical laboratory. 
Individuals from laboratory management and systems design discuss 
how the principles of industrial management, accounting, and 
engineering may be used to develop greater economy, reliability, 
accuracy, and speed of delivery in the clinical laboratory. Com- 
ppterized laboratory systems are examined in terms of objectives, 
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Chemical and Biological Studies on 1,2-Dihydro-s-triazines XVIII: 
Synthesis of 1-(5,6- and 5,'7-Dichloro-2-naphthyl) Derivatives and 
Related Compounds as Candidate Antimalarial and Antitumor Agents 


ANDRE ROSOWSKY', KATHERINE K. N. CHEN, RICHARD St. AMAND, 
and EDWARD J. MODEST 


Abstract 0 4,6Diamino-l,2dihydro-2,2-dimethyl-s-triazines with 
5 , 6  and 5,7dichloro-2-naphthyl groups at  position 1 were synthe- 
sized and evaluated for biological activity. The 5,ddichloro com- 
pound caused moderate inhibition of Streprococcus faecium and of 
human epidermal carcinoma (KB cells) in oirro, as well as a moder- 
ate increase in mean survival of mice bearing P1534 leukemia in the 
ascitic form. The 5,7-dichloro analog was active against PIasmodium 
gallimceum in chicks. 


Key pluaaea 0 4,6-Diamino-l,2dihydo-~triazines, dichloronaph- 
thy1 substituted-synthesi, screened as potential antimalarial and 
pntitumor agents 0 1,2-Dihydro-s-triazines, 5 , 6  and 5,7-dichloro- 
2-naphthyl derivatives-synthesis, screened as potential antimalarial 
and antitumor agents 0 Antimalarial agents, potential-Synthesis 
and screening of 4,6diamino-l,2-dihydro-s-triazines with dichloro- 
naphthyl substitution 0 Antitumor agents, potential-swthesis 
and screening of 4,6-diamino-1,2-dihydro-s-triazins with dichloro- 
~ p h t h y l  substitution 


The availability in this laboratory of several hetero- 
nuclear dichloro derivatives of 2-naphthylamine (1) in 
connection with another investigation (2) afforded an 
unusual opportunity for the synthesis and biological 
evaluation of some hitherto inaccessible 4,6-diamino- 
1,2-dihydro-s-triazine antifolates with a halogenated 
2-naphthyl moiety at position 1. These compounds, as 
well as the previously reported 2-naphthyl (3, 4) and 
6-chloro-2-naphthyl ( 5 )  derivatives, were viewed with 
interest because of the high level of antifolate activity 
displayed in various test systems by other aryldihydro- 
triazbes, including especially the phenyl and 1 -naphthyl 


The present paper describes the synthesis of 4,6-di- 
amino- 1 -(5,6-dichloro-2-naphthyl)- lY2-dihydro-2,2-di- 
methyl-s-triazine hydrochloride (Ia - HC1) and its 5,7- 
dichloro-Znaphthyl analog (Ib . HCl). Also described are 
the corresponding naphthylbiguanide salts (IIu. HCl and 
IIb eHC1) and guanidinoquinazoline salts (IIIu . HCl 
and IIIb eHC1). Biguanides are known intermediates in 
the three-component synthesis of dihydrotriazines (7), 
and guanidinoquinazolines were reported recently 
to be occasional by-products in this reaction (4,5). 


types (6). 


ExPERmENTAL' 


4 a ~ l - ( s , a a l ~ ~ ~ ~ ~ y l ) - l y l -  
etrhbt! Hydrochloride (1a.HCI) (Standard Three-Component 
Syathesls)--A mixture of 10.7 g. (0.043 mole) of 5,6-dichloro-2- 
naphthylamine hydrochloride (l), 4.51 g. (0.055 mole) of cyano- 


guanidine, 15 ml. of acetone, and 20 ml. of absolute ethanol was 
stirred under reflux for 3 hr.. allowed to stand at room temperature 
for 18 hr., and filtered. The solid was washed With acetone (3 x 10 
ml.) and dried, yielding 9.57 g. (60%). Two recrystallizations from 
water with the aid of decolorizing carbon gave analytically pure 
colorless needles, m.p. 233-235'. 


Anal.-Calc. for Cld-I1~ClrNs.HCI: C, 48.34; H, 4.33; c1, 
28.54;N,18.79.Found:C,48.46;H,4.11;C1,28.49;N,18.79. 


a-biazlw Hydrochloride (Ib-HCI) (Two-Cmpme?t Syntksbl- 
A mixture of 11.3 g. (0.03 mole) of biguanide'IIbeHCI, 0.25 ml. of 
12 N YCI, 50 ml. of acetone. and 50 ml. of absolug e m o l  was 
stirred under redux for 17 hr., cooled, and filtered. The tan solid 
was washed with acetone and dried, yielding 9.3 g. (73%). The 
biguanide test 'with copper ammonium sulfate (7) was negative (no 
precipitate). Two recrystallizations from 95 % ethanol (&harcoal) 
gave analytically pure IbeHCI as off-white needles, m.p. 221.5- 
224 O. 


N, 18.79. Found: C, 48.43; H, 4.44; CI, 28.45; N, 18.67. 
W-(5,6-.Dicbloro-2-naphtbyl)biguani& v y  M o d &  ma. HCI) 


-A mixture of 10.7 g. (0.0431 mole) of 5,6dic)lloro-2-naphthyl- 
amine hydrochloride (l), 4.10 g. (0.05 mole) of cyanoguanidine, and 
70 ml. of n-propanol was stirred under reflux for 3 hr., cooled, and 
filtered. The tan solid was washed with n-propanol (2 X 25 d.) 
and dried, yielding 8.18 g. (57x). Three recrystallizations from 95% 
ethanol (charcoal) afforded colorless needles, m.p. 215.5-216", 
with a positive biguanide test (pink solid) (7). 


A n a l . 4 c .  for c12H11ChNs*HC~: c, 43.33; H, 3.64; a, 31.98; 
N, 21.05. Found: C, 43.23; H, 3.59; Cl, 31.93; N. 20.99. 


qaMsmino-1~5,77-cUchloro-2llapbthyl~l~~y~~~yl- 


Anal.<&. for C1aisClrNs.Ha: C, 48.34; H, 4.33; a, 28.54; 


la * HCl 
Ib-  HCl 


C1 


NHCNHCNH,-HCI 
IIa HCi 
II b * HCI 


1 Melting points were taken in Pyrex capillary tubes, using a Mel- 
Temp apparatus (Laboratory Devices, Inc., Cambridge, Mass.), and 
are uncorrected. IR spectra were measured in KCI disks with a Perkin- 
Elmer model 137B recording spectrophotometer. NMR spectra were 
determined with a Varian A-60 instrument, with trifluoroacetic acid as 
the solvent and tetramethylsilane as the internal reference. 


IIIa * HCI 
IIIb*€JCl 


a series: R - c1, R' = H 
b series: R-H, R'-Cl 
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~5,7-D1Qloro-2aaphthyl)bigunnideHydrochloride (lIb*HCl)- 
Use of the foregoing procedure with 5,7-dichloro-2-naphthylarnine 
hydrochloride gave a 54% yield of IIbeHCl as an off-white solid. 
Two recrystallizations from 95 % ethanol furnished the analytical . _  
sample, m.p. 255-257". 


N. 21.05. Found: C, 43.08; H. 3.41; C1.32.17; N. 21.04. 
Anal.-C@c. for C1*HJ3rNs*HCl: C, 43.33; H, 3.64; CI, 31.98; 


7,84M&1~0-3-g~d~Un6-l-meUlylbenzo(fl Hydroehb 
ride (Illa.HCl)-A solution of 8.88 g. (0.0418 mole) of 5.6- 
dichloro-2-naphthylamine (1) and 0.5 g. of iodine in 33 ml. of 
acetone was stirred under reflux for 60 hr., cooled, and evaporated 
to drynee under reduced pressure. The resulting dark oil was 
taken up in 50 ml. of 50% ethanol to which were added 6.25 ml. 
of 12 N HCl and 4.75 g. (0.05 mole) of cyanoguanidine. After 
being stirred under reflux for 1.5 hr., the mixture was refrigerated 
until crystallization occurred. The solid was filtered, 'washed with 
acetone (5 X 5 ml.), and dried, yielding 7.53 g. (51x). Two re- 
crystallizations from 95 % ethanol (charcoal) gave colorlkss crystals, 
m.p. 312-313'' dec. On treatment with copper ammonium sulfate 
reagent (7), this material gave a light-green precipitate characteristic 
of guanidinoquinazolines (3). 


Anal.-Calc. for C1,H1CbNcHCl: C, 47.14; H, 3.39; Cl, 29.82; 
N, 19.64. Found: C, 47.05; H, 3.35; C1,29.98; N, 19.61. 
7 , 9 d l c h l o r o 3 % u n n i a 1 d ~ l W l q W W  Hydrochlo- 


. ride (IlIblHQ Woditkd Tlme-Component Syntbesis)-A 
mixture of 5.00 g. (0.0235 mole) of 5,7-dichloro-2-naphthylamine 
(I), 1.97 g. (0.0235 mole) of cyanoguanidine, 0.2 ml. (0.0024 mole) 
of 12 N HCl, 85 ml. of astone, and 15 ml. of 95% ethanol was 
stirred at room temperature for 16 hr. and then under reflux for 
4 hr. Another 1.75 ml. (0.0211 mole) of 12 N HCl was added, re- 
fluxing was wntinued for 70 min., and the precipitated solid was 
filtered, washed with acetone, and dried, yielding (two crops col- 
lected) 4.8 g. (57%); a light-green solid resulted upon treatment 
with biguanide reagent (3). Two recrystallizations from absolute 


. ethanol (charcoal) gave analytically pure colorless needles, m.p. 
337-341 O dec. 


Anal.-Calc. for Cl4HI1CI,Ns.HCl: C, 47.14; H, 3.39; CI, 29.82; 
N, 19.63. Found: C, 47.19; H, 3.29; C1,29.69; N, '19.56. 


RESULTS AND DISCUSSION 


5,6-Dichloro-2-naphthylamine hydrochloride was found to give 
only dihydrotriazine Ia-HCl under the conditions of the standvd 
three-component synthesis (7), with no evidence of the formation of 
guanidinoquinazoline IIIu. HCl, a comparison sample of which was 
synthesized via the "acetone anil" route described earlier (3). Al- 
though Illu.HC1 might have been expected as a by-product on the 
basis of work with 2-naphthylamine (3), careful NMR spectral 
analysis of the crude solid filtered from the reaction mixture failed 
to reveal any of this compound. On the other hand, the standard 
three-component synthesis Hiith 5,7-dichloro-2-naphthylamine 
hydfochloride did produce a small amount of gua+dinoquinazo- 
line HIb. HCl, which made it preferable to obtain dihydrotriazine 
Ib .HCl via the two-component synthesis (8) starting from biguanide 
Ilb-HCI. An authentic specimen of 1llb.HCl was synthesized con- 
veniently uiu the recently described (4) modified three-component 
synthesis, wherein only a limited amount of acid is used at  the outset 
of the reaction. 6-Chlbro-2-naphthylamine bas been reported (5) to 
give some guanidinoquinazoline byrproduct in the standard three- 
component synthesis, albeit in a much smaller amount than with 2- 
naphthylarnine. Thus, the 'findings reported here reinforce the 
previous conclusion that electron-attracting chloro substitution 
on the aromatic ring diminishes the tendency for guanidinoquinazo- 
line by-product formation (5).  However, it appears that 5,7-dichloro 
substitution is somewhat less effective than 5,ddichloro substitution 
in suppressing this side reaction. 


Moderate activity 'was shswn against Streptococcus faecium 
(ATCC 8043) (9) by dihydrotriazine Ia-HCI, which gave an IDSO 
value pf 0.08 mg./ml. a t  a fplate level of 0.001 mcg./ml. This may 
be compared with the IDso value of 0.035 mcg./ml. reported pre- 
viously by Foley (10) for 4,~iamino-I-(3,4-dichlorophenyl)-l,2- 
dihydrc-2,2-dimethyl-s-triazine hydrochloride, which is closely 
analogous to la - HCI in structure. 


Activity was also demonstrated for Ia-HCl against human 
epidermoid carcinoma (KB cells) in culture ( I l ) ,  with an IDso 
value of 0.5 mcg./ml. observed. However, both the biguanide H a .  


HCI (lDso = 0.2 mcg./ml.) and the guanidinoquinazoline I I I a - H C I  
(IDu = 0.3 mcg./ml.) were at  least as active as the dihydrotriazine. 
Since IIIa. HCI led to only slight inhibition of S. faecium (IDso > 10 
mcg./ml.), the cytotoxic action of this compound may perhaps be 
ascribed to some cause other than folate antagonism such as metal 
chelation. The ability of guanidinoquinazolines to inhibit KB cell 
growth was noted previously (3, 9, especially with reference to the 
possibility of error in the bioassay of dihydrotriazines not com- 
pletely free from guanidinoquinazoline contamination. 


Compound I a  HCl was tested for experimental antitumor activity 
in niuo as described earlier (12), using two transplantable murine 
leukemias in ascitic form: L-1210 leukemia in BDF/l hybrid mice 
and P1534 leukemia in DBA/2 inbred mice. Against G1210 leu- 
kemia,' this compound did not significantly prolong the life of the 
animals at nontoxic doses (up to 40 mg./kg./day X 4). Against 
P1534 at a dose of 10 mg./kg./day X 4, however, there was a 27% 
increase in survival relative to the untreated controls. This may 
be compared to the 30-40x increase reported previously for the 
3,4dichlorophenyl analog against the PI534 tumor (13). 


Also assayed for antitumor activity were biguanides IIa.HC1 and 
IIb. HCl and guanidinoquinazoline IIIb HCl. Although none of 
these compounds showed any activity against L1210, biguanide 
IIa*HCI produced a 32% increase in survival in the P1534 system 
at a dose of 10 mg./kg./day X 4. Compounds IIb. HCI and Illb- HCl 
were inactive. 


The compounds were also tested for antimalarial activity against 
Plasmodium berghei in the mouse and P. gallinaceum in the chick 
(14), as well as in the in nitro sporozoite suppression assay employing 
mosquitoes infected with P. gallinaceum or P. cynomolgi (15). Com- 
pound Ib-HCl was active against P. gallinaceum in chicks at 
80 mg./kg., prolonging the mean survival time from 4.0 to 8.6 days 
(a 115% increase); at 320 mg./kg., survival was lengthened to 13.6 
days (a 240% increase). Compound h - H C l  caused 100% spore  
zoite soppression, with partial to complete occurrence of abnormal 
m y s t s ,  in the blood of infected mosquitoes at an administered 
concentration of 0.001 %. None of the compounds showed signifi- 
cant activity against P. berghei in mice. 
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Abstract 0 Four vehicles for A@-tetrahydrocannabinol were com- 
pared after intraperitoneal and subcutaneous administrations, 
using the disruption of food-reinforced, operant behavior of rats 
as the test system for cannabinoid activity. Aqueous suspensions 
based on polyvinylpyrrolidone, polysorbate 80, and a polysorbate 
65-sorbitan monolaurate combination all were effective vehicles 
for intraperitoneal or subcutaneous absorption of the cannabinoid. 
An olive oil solution was poorly effective. The polyvinylpyrrolidone 
dispersion appeared to  have the most rapid onset of action, while the 
polysorbate 65-sorbitan monolaurate combination had the longest 
duration of action. 


Keyplwanes 0 Marijuana-efFect of vehicle and route of administra- 
tion of A'-tetrahydrocannabinoI on operant behavior, rats 0 AD- 
Tetrahydrocannabinol-effect of vehicle and route of administra- 
tion on operant behavior, rats 0 Cannabinoid activity-studied 
by operant behavioral effects in rats, different vehicles and routes 
of administration 


The major psychoactive constituent in marijuana 
(Cannabis sariuu) is generally accepted to be ( -)-Ag- 
trans-tetrahydrocannabinol (I). The elucidation' of the 
structure and synthesis of I has prompted extensive 
investigation of its pharmacological and behavioral 
effects in both animals and man (1, 2). However, the 
extreme aqueous insolubility of I has made parenteral 
administration difficult. A number of different aqueous 
suspensions and oil solutions have been tried by various 
researchers, but no single preparation has found wide- 
spread acceptance. At times, conflicting results between 
studies have been attributed to differences in the drug 
vehicle or mode of administration. 


The present study compared four such vehicles 
administered uia two routes of injection to evaluate the 
drug effect in a test system previously shown to be sensi- 
tive to be-tetrahydrocannabinol (3-5). The measure 
chosen was the depression of operant responding of rats 
for food reinforcement. In this experiment, both the 
onset and duration of action of I were examined as a 
function of eight combinations of vehicle and route of 
injection. 


EXPERIMENTAL 


Twenty-four male Wistar rats (225-300 9.) were trained to bar- 
press for food reward on a fixed-ratio-50 (FRSO) schedule of rein- 
forcement; the 50th lever-press resulted in the delivery of a 45-mg. 
Noyes food pellet. The animals were given 60-min. experimental 
sessions on 5 days each week, with supplementary postsession 
feeding sutficient to maintain them at 80% of their free-feeding 
weights. The operant chambers were controlled by solid-state 
programming equipment. Cumulative recorders and digital counters 
were used for data collection. Before initial drug sessions, each rat 
received 4-5 weeks of training until performance stabilized so that 
there was less than 10% variation in responses per session over three 
consecutive sessions. 


The four preparations of AYetrahydrocannabinoI compared in 
this experiment were: Vehicle A, olive oil solution ; Vehicle B, a 1 % 
polysorbate 801 dispersion in saline; Vehicle C, a suspension with 
1 % polysorbate 65' and 1 % sorbitan monolaurate* in 0.9 % saline, 
as described by Moreton and Davis (6); and Vehicle D, a 10% poly- 
vinylpyrrolidone suspension in 0.9% NaCl, prepared according to  
the procedure of Fenimore and b y  (7). Each vehicle was tested both 
intraperitoneally and subcutaneously. The dose of I used was 10 
mg./kg. given at an injection volume of 1.0 ml./kg. body weight. The 
injections of I were given at weekly intervals on Wednesday, vehicle 
alone was given on Tuesday and Thursday, and saline was injected 
on Monday and Friday. To examine the relative duration of action 
of I as well as the time of onset, injections were given either 
immediately prior to the operant session or 1 ,  2, or 3 hr. before. At 
least six determinations were made for each vehicle-route-time 
combination. The drug effect was assessed by comparing the bar- 
press performance on drug days to  performance on the preceding 
vehicle control session. 


RESULTS AND DISCUSSION 


Operant responding following the intraperitoneal or subcutaneous 
injection of the four vehicles alone did not differ from that following 
saline administration or no injection. In Table I the effects of AD- 
tetrahydrocannabinol upon responding are summarized as a func- 
tion of the route-vehicle-time combinations. The total number of 
responses during the 1-hr. test session is expressed as a percentage of 
the responses per hour in the prior vehicle control session. Gen- 
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Table I-EfFects of At-Tetrahydrocannabinol on Fixed-Ratio-50 Performance in Rats: Vehicle and Route of Administration as 
Parameters Affecting Onset and Duration of Behavioral Disruption 


Route of Iqjection Drug Vehicle 


B, polysorbate 80 
C, polysorbate 65 plus 


sorbitan monolaurate 
D, polyvinylpyrrolidone 
A, olive oil 
B, polysorbate 80 
C, polysorbate 65 plus 


sorbitan monolaurate 
D, polyvinylpyrrolidone 


Intraperitoneal A, olive oil 


subcutaneous 


~~ ~ 


-Percent of Predrug Control Responses per HOW- 
1st.hr. ?(! hr: 3rd hr. 4th hr: 


Postiqlection Postinpction Postinjection Postinpchon 


102 48 
<1 <1 


4 <1 


<1 <1 
100 88 
54 32 
65 64 


15 <1 


54 105 
<1 72 


8 43 


9 90 
83 101 
44 59 
68 55 


83 101 
44 59 
68 55 


20 83 


8 Each value is the mean of six observations. As-Tetrahydrocannabinol dose = 10 rnp./kg. 


erally, all three aqueous suspensions of I showed a prompt onset of 
action within 1-5 min. following intraperitoneal administration, 
whereas a significant effect of 1 in the oil solution did not occur 
within the 1st hr. after injection. During the 2nd and 3rd hr. 
after administration of I in aqueous suspension, suppression of 
operant responding continued, whereas I in oil reduced response 
output only one-half. When I was administered subcutaneously in 
these vehicles, a slower onset was observed, as expected. Compound 
I in Vehicle D appeared to take effect by the subcutaneous route 
more rapidly than in either Vehicle B or C. Again the olive oil solu- 
tion was poorly absorbed. Peak behavioral suppression occurred 
during the 2nd hr. following subcutaneous injection in Vehicles B 
and D. 


Concerning the duration of behavioral depression, data for the 
4th hr. after intraperitoneal administration indicate that I in 
Vehicle C gave the longest activity. In either Vehicle B or C, I given 
via the subcutaneous route still produced significant operant depres- 
sion 4 hr. postinjection; in Vehicle D, it was only minimally &ec- 
tive. With I in oil, no effect was observed in the 4th hr. after either 
intraperitoneal or subcutaneous administration. 


In a comparison of vehicles for A@-tetrahydrocannabinol, Sophia 
el a/.  (8) measured the effects of I in four vehicles on the latency to 
convulsion in mice after electroconvulsive shock. Only the intra- 
peritoneal route was studied. They found that a polyvinylpyr- 
rolidone suspension in saline and a 10% propylene glycol-l% 
polysorbate 80 suspension in saline were most effective. Polysorbate 
80-saline and bovine serum albumin in saline were found to be 
poorly absorbed preparations. In another recent study (9), emul- 
sions of polysorbate 80 or polyvinylpyrrolidone plus sesame oil in 
saline were also found to be suitable vehicles for parented admin- 
istration. 


By utilizing operant behavioral techniques, the present experiment 
indicated that A@-tetrahydrocannabinol is absorbed effectively from 
aqueous suspensions but poorly absorbed from oil solutions follow- 
ing intraperitoneal administration. Absorption from a subcutaneous 
site is somewhat delayed but is significant. Vehicle D gave the most 
rapid absorption of the four preparations studied by both routes 


of administration. To obtain a prolonged duration of action, Vehicle 
C appeared to  be most effective. 
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In the first part of this review (l), examples were 
considered in which there was a linear relationship 
between the response to drug action and the relative 
lipophilic character of the drug. Relative drug response 
was defined in terms of log 1/C (pC), where C is the 
molar concentration of drug producing a standard 
response; relative lipophilic character was defined by 
log P, where P is the octanol-water partition coefficient. 
The present review extends this survey to the more 
general problem of the nonlinear relationship between 
pC and log P. 


The term “drug” is difficult to define. In these discus- 
sions it is employed in the widest sense possible. A 
drug is considered to be any chemical capable of 
causing a biochemical or biological response. A better 
term might be pharmacon, which has been employed 
by Ariens (2). 


Ever since Meyer (3) and Overton (4) discovered 
that the narcotic potency of the members of a set of 
congeners tends to increase as their oil-water partition 
coefficients increase, there has been interest in defining 
“lipophilic character” and its role in the activity of 


drugs. The analyses in this review are all based on the 
operational definition of lipophilic character by log P 
from the octanol-water system. There is, of course, 
great advantage in using a single reference system. The 
reasons behind the choice of octanol-water were 
discussed previously (1, 5) .  It is possible to compare 
work in other solvent systems with that obtained in 
octanol-water oiu Eq. 1 : 


log PI = a log Pz + b (Eq. 1) 


In Eq. 1, first formulated by Collander and recently 
(6)  applied to a variety of systems, PI represents the 
partition coefficient of a solute between one solvent 
and water, and Pz is that for the solute between a 
second solvent and water. Equation 1 holds well when 
PI and P2 are from similar apolar solvents such as 
alcohols, esters, and ethers. It fails completely when 
comparisons are between hydrocarbons (such as 
heptane or benzene) and solvents with hydrogen- 
bonding ability such as alcohols, esters, and ethers. 


Much of the early work seeking correlations with 
partition coefficients was concerned with nonspecific 
narcotic effects. Recently, it has become clear that by 
using log P to define hydrophobic character opera- 
tionally, one can correlate the binding of organic com- 
pounds (drugs) to proteins (7-20), enzymes (7, 21-31), 
and membranes (32). Equations 2-4 are typical ex- 
amples : 
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Figure l-Buctericidal activity of benzyldimethylalkylammonium 
chlorides aguinst Candida albicans [log IIC = -0.30(log P)2 + 1.34 
IGg P + 3.251. 


binding of organic compounds by serum albumin (10) 


n r  S 


pC = 0.75 log P + 2.30 42 0.960 0.159 


hemolysis of red cells by  alcohols and esters (32) 


n r  S 


pC = 0.90 log P - 0.24 19 0.993 0.096 


binding of barbiturates by liver homogenate ( 5 )  


n r  S 


log (B/F) = 0.52 log P - 1.14 5 0.973 0.124 


In Eqs. 2 and 3, C is the molar concentration of drug 
that produces a 1 : 1 complex via equilibrium dialysis. 
In Eq. 4, B is the percent of barbiturates bound and F 
is the percent free. For the equations throughout this 
report, n represents the number of data points used in 
deriving the equation, r is the correlation coefficient, 
and s is the standard deviation. Equations 2-4 and 
hundreds of others like them (1, 5 ,  33) establish the 
fact that drugs are bound in varying degrees by a large 
percentage of the macromolecules they encounter in 
living tissue. Moreover, this is a partitioning-like pro- 
cess, which is well modeled by the way the drugs parti- 
tion between octanol and water. This partitioning has a 
profound effect on the random walk process drugs 
follow in finding their sites of action. 


Under equilibrium conditions as in Eqs. 2-4, one 
expects and finds linear relations between pC and log 
P. The higher the value of log P, the tighter is the 
binding. As log P values become large or the time of the 
experiment becomes short, linearity is not the rule and 
one Ands a much better correlation by a second-order 


-3.00 L 
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Figure 2-Mycelia inhibition of 5-alkyl-8-hydroxyquittoIii~es against 
Aspergillus niger [log RBR = -0.13 (log P)2 + 1.20 logP - 1.841. 
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Figure 3-hemoly tic activity of a-monoglycerides against dove red 
blood cells [log I/C = -0.36 (log P)’ + 2.43 log P - 0.271. 


equation as in Eq. 5 : 


concentration of X-CSHIB(OH)~ localized in mouse brain in I5 
min. (34) 


log C = -0.54(10g P)2  + 2.47 log I‘ - 1.05 
n r  s 
14 0.915 0.214 (Eq. 5) 


This equation, based on the work of Soloway et al. (35), 
correlates the localization of benzeneboronic acids 
(injected interperitoneally) in mouse brain. In this 
time-dependent process, the parabola of Eq. 5 cor- 
relates the data much better than linear relations such 
as Eqs. 2-4. Equations 2-4, from in vitro studies, ac- 
tually lead one to expect nonlinear relationships such 
as Eq. 5 from living systems. Since one finds tighter 
and tighter binding between organic compounds and 
macromolecules as the log P values of the former are 
increased, it is clear that eventually a point is reached 
where this restriction of movement is rate controlling. 
The length of time allowed for attainment of equilib- 
rium is, of course, important in setting the degree of 
linearity found in any given case. 


In early structure-activity studies, a departure from 
linearity in response and lipophilic character was often 
observed and was termed the “cutoff)’ point. Ferguson 
(36-38) was one of the first to assume that there might 
be a general “rational” explanation for this phe- 
nomenon. He attempted to explain it by arguing that 
the higher members of a homologoas series would be- 
come so insoluble that concentrations high enough to 
cause a standard response could nqt be obtained. While 
this might explain certain special situations, in the 
light of Eqs. 2-4 it is hard to know what one is talking 
about in terms of solubility when the drug is injected 
into an animal or added to a complex medium of 
bacteria and nutrient. Depending on the lipophilic 
character of the drug, it will be more or less bound to 
all kinds of macromolecules present. 


It is probably best to abandon any traditional ideas 
of solubility of drugs in an aqueous phase when con- 
sidering the kind of data presented in this report. One 
is faced with a highly complex set of equilibria of drugs 
in an aqueous phase and drugs bound with varying 
degrees of firmness by a large variety of macromole- 
cules which make up living cells and tissue. For this 
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Figure 4-Suruiuul time of Calliphora erythrocephala blowfly larva 
iti aliphutic alcohols [log RBR = -0.21 (log P)2 + 0.80 log P + 
0.591. 


reason, the authors have stressed the advantage of con- 
sidering in probabilistic terms (34, 39, 40) the move- 
ment of drug from the point of introduction to the 
active sites. 


For some time this laboratory has been collecting 
examples of what can be loosely termed “parabolic” 
relationships between log 1/C and log P. A large amount 
of evidence is now in hand which clearly shows that 
the “break” in the linear relation between log 1/C and 
log P is not precipitous (see examples in Figs. 1-6) and 
that the term “cutoff” is not well suited to describe 
the phenomenon. In Figs. 1-6, the solid line is the 
least-squares parabola drawn through the experi- 
mental points. These six examples are representative 
of the cases in Table I. In the present survey, about 230 
examples were plotted (by computer). From a study 
of these plots it was not possible to visualize any kind 
of curve that would fit the data better than a parabolic 
expression such as Eq. 6: 


pC(k) = -u(log P ) 2  + b log P + constant (Eq. 6) 


where pC = log 1/C, and C is the molar concentration 
of drug producing a standard response in constant time. 
Other rate or equilibrium constants ( k )  may also be 
used. Not all of these examples have been included in 
the present data base, partly for reasons of space but 
also because it seemed important to select the best 
examples for study. 


For Table I ,  sets were selected having five or more data 
points and where the F test (41) indicated that the addi- 
tion of the (log P)’ term to the linear equation in log P is 
significant at the 0.99 level of significance or higher. With 
a few exceptions, the equations of Table I havecorrelation 
coefficients of 0.95 or higher. Some sets meeting these 
standards were rejected because, from an inspection 
of the plotted curve, it could be seen that the log P 
values of the most aetive compounds (also most hy- 
drophobic compounds) were considerably below log 
P o  (the apex of the parabola). In these examples the 
confidence intervals on log Po were very wide or could 
not be established (40). Ideally, one would want to 
include only examples where the data points covered 
the complete parabola from zero activity with a low 
partition coeflicient to zero activity with a high parti- 
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Figure 5-Itiliibitory activity of aliphatic amities agaitist hiimaii liver 
mitochotidrial M A 0  [log K,’ = -0.67 (log P)z - 0.53 log P + 8.141. 


tion coefficient. Such data are rare indeed and sorely 
needed. For practical reasons it is not very interesting 
to test the higher members of a homologous series once 
activity begins to decline. For this reason, many in- 
vestigators stop studying the more lipophilic homologs 
once activity is found to drop. Moreover, the very 
lipophilic members of a series are often extremely dif- 
ficult to study because of their limited aqueous solu- 
bility. Some>of the best data this study has uncovered 
were obtained with carboxylate anions and quaternary 
salts where the difficulties of solubility can be circum- 
vented. 


For the present review, only those data sets were 
selected where the single variable log P in Eq. 6 gave a 
high correlation of the data. While about 230 of these 
sets are now in hand, several hundred others, where an 
additional term such as one in D or E, is necessary for 
high correlation, support the general importance of the 
parabolic relationship between the logarithm of a bio- 
logical rate or equilibrium constants and log P .  The 
data for the results in Table I are contained in Table 
111. In Table I1 a set of equations is given for which 
the limitations are not as severe. In these examples, 
the (log P ) 2  term is significant at the 0.95 level. To 
conserve space, the experimental data are not included 
for these examples. However, most of the log P values 
are in Table 111 and the pC values can be found in the 
cited references. 
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Most of the equations in Tables I and I1 are based 
on homologous series. This is not simply a chance 
occurrence. When elements other than CH2 units are 
incorporated into a parent molecule, important elec- 
tronic and possibly steric effects are brought into the 
structure-activity relationship. These must be accounted 
for by the addition of other terms to Eq. 6. 


Che main reason that the strong and often quantita- 
tively deflnable dependence of drug activity on lipophilic 
character has been so slow in coming into focus has 
been the shortage of partition coefficients from a suit- 
able reference system. This is still a handicap. Values 
are not available for all of the data used for the correla- 
tions of Tables I and 11. Unknown values have been 
calculated from additivity principles (6). 


From the values in the section on data, the equations 
in Tables I and I1 were derived by the standard non- 
weighted least-squares method (41). In addition to 
fitting the data to Eq. 6, each set was fit to the third- 
order equation in which a term in (log P ) 3  was added 
to Eq. 6. Out of 233 cases tested, the cubic term yielded 
an improved correlation (significance at >0.95 in F 
test) in 28 examples. Twelve of these examples were 
with equations in Table I. Examination of the plots 
of the cubic equations did not uncover any general 
pattern of correlation. The results do not appear to 
warrant further consideration at present. 


RESULTS 


The resulting equations selected for this study are 
listed in Tables I and 11. In these tables, a represents 
the coefficient of the parabolic (log P)* term, b is the 
coefficient of the linear (log P )  term, and c is the regres- 
sion constant generated by the least-squares analysis. 
The 95% confidence interval for each of these values 
is also given. The calculated ideal value of log P, log Po, 
is also listed along with its 95 


For convenience in analysis, the equations in Tables 
I and I1 have been factored into four sets based on 
the range of their log Po values, namely, equations 
(Table I, Part A and Table 11, Part A) with log Po less 
than 1.5, those (Table I, Part B and Table 11, Part B) 
with log Po between 1.5 and 3.0, those (Table I, Part C 
and Table 11, Part C) with log Po varying between 3.0 
and 5.0, and those (Table I, Part D and Table 11, Part 
D) with log Po greater than 5.0. Within each set the 
equations have been ordered by increasing values of the 
coefficient (6) of the linear (log P) term. Most of the 
equations in Table I were derived from the data listed in 
Table 111. Reference 1 in Table I refers to the location 
in Table I11 of the corresponding data or to the ap- 
propriate literature reference if the equation was pre- 
viously reported in the literature. Reference 2 indicates 
the original literature source of the biological activity 
data used in the equation. 


A summary of the distribution and ranges of the 
values of log Po, b, a, c, and log P for the 100 equations 
in Table I Is given in Table IV. From these results, it is 
interesting to note that while the ranges of the cpeffi- 
cients ( b )  of the linear term within each group (Table I, 
Part A-Table I, Part D) vary from group to group, the 
range of the coefficients (a)  of the parabolic term within 


confidence limits. 
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Table 111-Data for Table 1 


~ H Z  
II 


0 
II 


7 Rf;H3 
111-1 111-2 111-3 111-4 
lJK,' 1JKi pC PC 


R logP Obs. Obs. Obs. Obs. 


-3.15 
-2.65 
-2.15 
-1.65 
-1.15 
-0.65 
-0.15 


0.35 
1.850 
2.85 
3.85 
4.85 


3.37 
4.67 
6.02 
7.37 
8.1Q 
8.17 
8.01 
7.95 - 
- 
- 
- 


1.44 
2.70 
4.14 
5 . 4 6  
6.17 - 
- 


6.02 - 
- 
- 
- 


- 
- 
- 
- 
- 
- 
- 


4.43 
5.52 
5.87 
5.44 
4.66 


- 
- 
- 
- 
- 
- 
- 


2.95 
4.52 
4.57 
4.32 
3.66 


7 RCOO- 
111-5 111-6 


R log P 
PC 
Obs. 


PC 
Obs. 


-3.20 
-2.70 
-2. m 
-1.70 
-1.20 
-0.70 


3.04 
3.01 
2.77 
4.41 
3.86 
4.60 


- 
- 


3.24 


3.76 
- 
- 


-0.20 4.24 4.31 
0.30 4.67 - 


- 4.51 0.80 
1.30 4.64 - 
1.80 - 4.74 


ClbHSl 2.80 3.11 4.31 
Cl7H35 3.80 2.55 4.36 


- RCHOHCOO- 
111-7 111-8 111-9 111-10 111-11 
PC PC PC Pc PC 


R logpb Obs. Obs. Obs. Obs. Obs. 


cbH13 -2.22 1.30 - 1.30 1.00 1.30 
CaH17 -1.22 2.81 1.60 2.50 2.20 1.90 
Cl OH21 -0.22 3.71 3.71 3.11 2.81 3.11 
Ci2Hz; 0.78 3.71 4.61 3.41 3.41 3.71 
CI4HZ9 1.78 2.81 4.31 3.41 3.71 4.61 


2.78 - 3.11 3.11 3.41 4.61 
GOH41 4.78 - - 2.81 - 4.31 
CisHsa 


7- RNHCNH~- -RCNHz- 
111-72 IU-13 
RBR 1/KER.I 


R logP Obs. R logP obs. 


-1.49 0.99 Methyl -4.38 0.04 H 
Ettiyl -3.88 0.23 CHs -1.21 2.30 
Proovl -3.38 0.65 CzHs -0.71 3.30 
ISOpGpyl -3.58 0.08 C3H; -0.21" 4.19 
Butyl -2.88 1.03 C4Hg 0.29 4.60 
Amy1 -2.38 1.50 CsHli 0.79 4.96 
Hexyl -1.88 1.90 
Heptyl -1.38 2.38 
Octyl -0.88a 2.70 
Decyl 0.12 2.79 
Dodecyl 1.12 2.85 


NH 
II 


-- RNHCNHi .CHaCOOH- 
111-14 111-15 111-16 


CONHNHR PC PC PC 
R logP Obs. Obs. 


Methyl -0.43 3.80 CIIHtr 0.65 5.15 5.30 


Propyl 0.57 4.90 Cl,Ha 1.65 5.30 5 . 6 0  


Hexyl 2.07 5.10 Cla33 3.15 5.18 5.40 
Heptyl 2.57 4.90 C l a n  4.15 4.74 4.64 


Q 
R log P c  Obs. 


Ethyl 0.07 4.60 ClnH2s 1 . 1 9  5.22 5.40 


Butyl 1.07 5.30 C14Hzg 2.15 5.30 5 .58  


(CHa)ar;(CHn).r;(CH3)3----- 111-17 111-18 


PC PC 
i l  log P Obs. Qbs. 


4 
5 
6 
7 
8 
9 


10 
11 
12 
18 


-3.34 
-2.84 
-2.34 
- j . 8 4  
-1.34 
-0.84 
-0.34- 


0.15 
0.66 
3.66 


3.42 - 
3.73 - 
4.03 - 
4.54 2.46 
5.72 3.00 
6.35 3.92 
6.53 4.35 
6.35 4.74 
6.01 5.25 
6.50 4.85 


111-19 111-20 111-21 111-22 111-23 111-24 111-25 111-26 111-27 111-28 111-29 
PC PC PC PC PC PC PC PC PC PC PC R logP Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. 


-1 .OB - 3.52 - - 3.69 3.00 1.68 2.69 1.52 - 1.76 
- 


C8Hl7 
CsHig -0.58 2.54 3.72 2.54 2.54 4:02 3.02 2.08 3.02 - 2.54 
CioHii -0.08" 2.57 3.74 2.74 2.74 4.74 3.57 2.41 3.57 3.45 3.01 2.95 
CIIHZ~ 0.42 3.06 4.06 3.06 3.06 5 . 0 6  4.06 2.92 4.06 - 3.59 - 


0.92 3.48 4.61 3.61 3.61 5.61 4.61 3.45 4.61 4.34 4.09 3.82 
CiaHz7 1.42 3.50 4.80 3.80 3.80 5.80 5.10 3.85 5.10 - 4.63 
CirHw 1.92 3.52 4.82 3.65 3.65 5.82 5.12 3.96 5.12 4.63 4.82 4.40 


2.42 3.14 4.84 3.84 3.84 5.84 5.14 3.74 5.14 - 5.14 - 
- 4.68 3.68 3.68 5.56 5.16 3.30 5.16 4.88 4.56 4.79 2.92 c ~ ~ H ~ ~  3.42 - - 3.57 - 5.18 4.70 3.06 4.70 - 4.16 - 


3.92 2.85) - - 2.71 5.19 4.71 2.63 4.71 4.60 3.59 4.52 
CioHo 4.42 2.91 4.21 2.91 2.60 4.91 4.73 2.52 4.73 - 3.61 


- 
ClZHZ5 


C15H.31 
Cl6H33 


Cl8H37 
- 


c -RCHBrCOO- 
111-30 111-31 IIt-32 111-33 111-34 111-35 111-36 111-37 111-38 111-39 111-40 ~ _ _ _  . ~~- 
PC PC PC PC PC PC PC PC PC PC PC 


R log Pd Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. Obs. 


- - - - - - - - - - CrHs -1.68 1.30 
CsHia -0.68 1.90 1.60 2.50 2.20 1.90 2.81 2.50 2.20 1.90 1.90 1.60 
C8H17 0.32 2.50 2.20 3.11 3.41 2.50 3.71 3.41 3.11 2.81 2.81 2.50 
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RCHBrCOO- 
111-30 111-31 ' 111-32 111-33 111-34 111-35 111-36 111-37 111-38 111-39 111-40 


PC PC PC PC PC PC PC PC PC PC PC R l o g Y  Obs. Obs. Obs. Ow. Obs. Obs. Obs. Obs. Obs. Obs. Obs. 


CIOH~I 1.32 3.41 3.11 4.01 3.71 3.41 4.31 3.71 3.71 3.41 3.11 2.81 
CirHza 2.32 3.11 2.81 4.01 4.01 3.71 5.21 4.61 4.61 4.61 4.01 3.71 
CiBm 3.32 2.81 2.50 3.71 3.11 2.81 5.52 5.21 4.91 4.61 4.91 4.61 


4.32 1.90 1.90 2.51 2.20 1.90 5.52 5.21 5.21 4.91 4.91 4.61 - - - - - 3.11 2.81 2.81 2.81 2.y) 2.20 5.32 
GO& 6.32 - - - - - 3.11 2.20 2.81 2.81 2.10 1.90 
ClsHSI 
CIsH33 


A H s c H ( O R w  


PC 
log P Qbs. R 


Methyl -0.15 I .70 


Propyl 1.85 2.30 
Ethyl 0.850 a.12 


Isopropyl 1.45 2.30 
Butyl 2.85 2.00 


111-42 111-43 111-44 
RBR RBR pC 


Alcohol log P Obs. Obs. Obs. 


Methanol -0.6@ 0.00 - 2.57 
Ethanol -0.16 - - 3.62 
Propanol 0.34" 0.70 - 4.27 
Isopropanol 0.14 - 1.01 - 
Butanol 0.88" 1.25 - ' 5.24 
sec-Butanol 0.61" - 1,16 -, 
Pentanol 1.4011 1.36 - 5.66 
Hexano€ 2.03" 1.32 - 6.24 
Heptanol 2.53 1.22 - 6.55 
Octanol 3.03 1.12 - - 
Decanol 4.03 - - 6.38 
Dipropylcarbinol 2.18 - 1.83 
Diisopropylcarbinol 1.75 - 1.82 


- 
- 


Ethylbutylcarbinol 2.20 - 1.74 - 
Meth ylam ylcarbinol 2.33 - 1.74 - 
2-Hexanol 1.83 - 1.74 - 
2-Pentanol 1.11 - 1.65 - 
3-Pentanol 1.11 - 1.59 - 
Methylhe%ylcarbinol 2.83 - 1.19 - 


CH, 
I +  
I 
CH, 


HC-N--R 


I 


111-45 111-46 111-47 111-45 111-46 111-47 
PC PC PC PC PC PC 


X R logP Obs. Obs. Qbs. X R log P Obs. Obs. Obs. 


CioHzi -0.08" 
CllHZS 0.92 
CMHZD 1.92 


2.70 
3.79 
4.07 


2.79 
3.74 


3.11 
4.04 
4.52 


2-C1,4-C1 CioHni 1.38 
2-c1,4-c1 CixHas 2.38 
2-CL 4-c1 CIIHZD 3.38 


3.58 
4.14 
4.13 
3.46 


3.65 3.85 
4.25 4.43 
4.28 4.39 
3.41 - 
3.30 - 
2 70 - 
- - 


4.17 
3.92 
3.34 


C&a, 2.92 
c l a n  3.92 


ClOH81 0.68 
ClZH25 1.68 
C1IHz.e 2.68 
CSnHqr 3.68 


call -9.32 


3.92 4.54 
4.62 


3.47 


4.66 
4.74 


- 


- 
- 


- 
3.70 - 


ac1; 4-c1 c;d-Isa 4.38 
2-CI. 4-c1 5.38 H 


2 - a  
2 - a  
2-c1 
2-CI 
2 - a  


3.23 
1.92 
3.11 
3.85 


3.49 . 


2.02 
3.41 
4.14 
4.14 


2.79 
2.58 
2.92 
3.85 
4.25 


2.92 - 
3.79 - 4.18 


3.65 
3.46 
2.88 
3.53 
4.23 


3.54 
- 


3-a; 4-CI CioHai 1.38 
3-C1, 4-CI CIZH25 2.38 
3-C1. 4-CI C>IHIO 3.38 


3.74 
3.43 
2.60 
3.60 
4.04 
4.34 
3.85 


4.36 - 
4.64 - 
3.39 - 
3.11 - 
3.71 - 
4.11 - 
3.41 - 
2.04 - 
3.08 - 
4.w - 
4.23 - 
4.20 - 
3.23 - 


- - 


2-c1 c&; 4.68 


4-c1 GoHal 0.62 
4-CI ClZH25 1.62 
4C1 C,,Hm 2.62 


4-c1 call -0.38 
4.11 
3.39 
3.08 
3.67 
4.20 
3.95 
3.47 
2.04 


3-Ci; 4-ci C;&;; 4.38 
3-C1, 4-C1 c18H87 5.38 
3-OCH3, 4-OCHa CizHz6 1 .oo 
3-OCH8, 4-OCHa CiIHzo 2.00 
3-0CH2. 4-OCHq CikHw 3.00 4-c1 C&d3 3.62 


4-c1 Cw.Hw 4.62 3.53 
1.92 
3.11 
3.65 
4.25 


3.17 
2.11 
3.11 
4.20 
4.23 
4.00 


-."~~". . .~ 


4-FJO2 C8HlI -0.84 
4-N0a GoHa 0.16 
4-NOa CizHz6 1.16 


2.92 
3.85 
4.17 
4.00 
3.36 


4-NO1 GIHZO 2.16 
4-NG c16H33 3.16 
4-NOa CISHSI 4.16 
2-c1, 4 x 1  CsHn 0.38 


3.82 
3.54 
2.50 


3.46 
2.63 







0 


R' R$NL " 


R R' 


111-48 111-49 111-50 111-51 111-52 
PC PC PC PC PC 


l o g P  Obs. Obs. Obs. Obs. Obs. 


Methyl 
Methyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
PrOPYl 
ROPY1 
Propyl 
Propyl 
Propyl 
ROPY1 
ROPY1 
Isoprqpyl 
Isopropyl 
Isopropyl 
Butyl 
Butyl 
Butyl 
Butyl 
Isobutyl 
Isobutyl 
sec-But yl 
Amyl 
Isoarnyl 
Isoamyl 
Allyl 
Allyl 
Allyl 
Allyl 


Isopropyl 
Butyl 
Isobutyl 
sec-But yl 
sec-Pentyl 
Is o a rn v 1 
Hex yl 
MY1 
CHE(CHa) 


Phenvl 
CHaCHC(CH3) 


Propy1 
Isopropyl 
Isoamyl 
CH3CHC(CHa) 
CHiqCH,) 
Allyl 
Benzyl 
Butyl 
MY1 
Benzyl 
Butyl 
Allvl 


sec-Pent yl 
Cyclapentenyl 
Allvl 


-R8SnOCOCH3 
111-53 111-54 


0.65 
0.15 
0.65" 
0.95s 
1.89" 
1.690 
1.690 
2.07 
2.070 
2.77 
0.85 
0.65 
1.15 
1 .42a 
1.65 
1.45 
2.57 
1.65 
1.15 
1.35 
3.08 
2.07 
1.15 
2.88 
2.89 
1.85 
2.15 
1.65 
1.65 
1.45 
1.65 
2.15 
2.15 
1.95 
2.15" 
1.69 
1.05 
1.35 


- 
- 


2.91 
3.34 
3.53 - 
- 
- 


3.59 


3.28 
- 
- 
- 
- 
- 
- 
- 
- - 


3.47 


3.49 
3 .60  


3.08 
3.47 


3.63 


3.78 


3.45 


- 


- 


- 
- 


- 
- 
- - 
- 


3.54 - 


PC 
Obs. 


Methyl -1.32 3.05 3.05 
Ethyl 0.18 4.72 5.12 
Propyl 1.68' 5.49 5.49 
Butyl 3.18 5.84 5.84 
Hexyl 6.18 4.34 3.64 
Phenyl 3.57 5.61 - 


PC R log P Obs. 


111-55 111-56 
R I k H d 3  


PC 
Obs. 


PC 
R log P Obs. 


-2.07 0.53 - CSHlS 
C8H17 -1 . O r  1.28 0.88 
CizHz6 0.84. 3.44 3.09 
C14H29 1.84 4.08 4.11 
c16H93 2.84 4.16 4.46 
CiMss 3.54 3.97 4.25 
C17H.37 3.84 3.50 4.40 


-----4-R-Lincomycin- 7 


€11-57 
RBR 


R log P Obs. 


H 
Ethyl 
ROPY1 
Butyl 
Amyl 
Hexyl 


-0.95 
0.05 
0.59 
1.05 
1.55 
2.05 


-1.60 
-0.52 


0.00 
0.32 
0.53 
0.56 


-+R-Lincomycin 
111-57 


R 
RBR 


log P Obs. 


Hept 1 2.55 0.18 
OCtYY 3.05 0.00 


-ROR'- 
111-58 


PC 
R R' log P Obs. 


~ 


Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
Methyl 
B@Yl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
Ethyl 
ROPY1 
Proqyl 


Methyl 
Ethyl 
Propyl 
Isopropyl 
Cyclopropyl 
Butyl 
Isobutyl 
sec-Butyl 
tert-Bu t yl 
Amyl 
Ethyl 
PrOPYl 
Isopropyl 
Cyclopropy! 
Butyl 
Isobutyl 
sec-Butyl 
rert-Butyl 
Isoamyl 
tert- Amyl 
Vinyl 
PrOPYl 
Isoprop yl 


-0.23 
0.27 
0.77 
0.57 
0.48 
1.27 
1.08 
1.04 
0.80 
2.03 
0.77" 
1.27 
1.07 
0.98 
2.03" 
1.83 
1.80 
1.56 
2.35 
2.08 
0.47 
2.03" 
1.83 


1.43 
1.74 
2.45 
2.26 
2.75 
2.70 
2.79 
2.79 
2.79 
2.88 
2.22 
2.60 
2.60 
3.00 
2.82 
2.82 
2.85 
2.92 
3.00 
3.15 
2.34 
2.79 
2.82 
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Table III--(Conrinued) 


,-- - ROR' 
111-58 


PC 
R R' log P Obs. N -CH-CH,OH 


Isopropyl Isopropyl 1.63 2.82 
Vinyl Vinyl 0.17 2.33 111-66 on 111-64 111-65 


[ZISlo. 6 RBR RBR 
R logP Obs. Obs. R log P Obs. R 


H d - C = C X  
I 


R'  
111-59 


PC 
R R' X logP Obs. 


H 2.020 0.14 -0.12 CHI -0.37 -0.08 
CHs 2.52 0.45 - GH5 0.14O 0.31 
CzHs 3.02 0.49 - CsH, 0 .69  1.15 
C3H7 3.52 0.61 0.62 C& 1 .18  1.48 
CaHs 4.02 1.01 0.99 C.H., 1.67 1.R2 -.-- 
CsHil 4.52 1.05 1.07 ca;; 2 . i 8  2.21 
C&13 5.02 1.03 1.07 C,HI, 2.69 2.33 
C7H16 5.52 0.98 1.06 C&I~  3.20 2.41 
CsHn 6.02 0.81 0.90 CeH,, 3.71 2.52 


Methyl Ethyl H 1.18 2.59 
Methyl Ethyl C1 1.51 2.94 ._ - _ _  


CgHig 6.52 0.63 0.83 
CioH, 7.02 0.27 0.48 


Methyl Vinyl H 0.88 2.41 
Methyl ClCH=CH H 1.50 2.94 
Ethvl Vinvl H 1.38 2.79 


CHzOH EthGl CldH===CH H 2.00 3 . 2 6  
Propyl ClCH-CH H 2.50 2.90 
Isopropyl Vinyl H 1.68 2.92 
Isopropyl ClCH=CH H 2.30 3.17 


I 
I 


PC' PC 


CHOH 


4 H a O C O R - -  
111-67 111-68 OH 


R 
R log P Obs. R log PI Obs. 


111-60 
PC 


Compound log P Obs. 


H 0.80' -0.33 CnH,? 1-83 3 on COCHa- Aniline 
LdOC~H~-Aniline 
4-OCaH,-Aniline 
4-OCaHi1-Aniline 
4-OC6Hla-Aniline 
4-OCsH17-Aniline 
2-0CHa-3-NH2-Pyridine 
2-OC~H~-3-NHn-Pvridine 


0.78 3.39 
1.28 4.44 CBe 2.80 i.59 CHI; 2.33 3.48 
2.28 5.42 ~sDC~HO 2.60 1.42 CioHzi 2.83 3.84 
2.78 5.45 CaHu 3.30 1.80 CI& 3.33 4.18 
3.28 5.80 iso-CsHII 3.10 1.66 ClzHz6 3.83 4.34 
4.28 3.44 
0.09 2.59 


. ~. cais 3.80 2.02 C;,Hi, 4.83 4.25 
iso-C&Ila 3.60 1.75 cia33 5.83 3.45 
C7H16 4.30 1.82 Cia37 6.83 2.70 0.59 


1.09 
1.39 
2.09 
1.89 
3.09 
3.59 
4.59 
1.59 
2.59 
1.26 


3.54 
4.79 
4.52 
5.76 
5.46 
4.62 
3.75 
3.19 
5.73 
5.80 
5.13 


2-0CiHi-3-NHi-Piridine 
2-iso-OC4Ho-3-NH2-Pyridine 
2-OCd-IIl-3-NH~-Pyridine 
2-( 3-OC5Hll)-3-NHz-Pyridine 
2-OC7H1 K-3-NH~-Pvridine 


N - C - 0  


N - C s R  111-69 
n PC 


R R' log P Obs. 


Cyclohexylidine Ethyl 3.10 2.68 
Isopropylidine PrOPYl 2.50 2.46 
1-Methylhexylidine Propyl 4.50 3.38 
1 -Methylheptylidine PrOPYl 5.00 3.06 
1-Phenylethylidine Propyl 4.13 3.18 
1,2-Methylpropylidine Propyl 3.30 3.00 
1,3-Methylbutylidine Propyl 3.80 3.28 
1-Methyl-4-pentenylidine ROPY1 3.70 3.18 
Isopropylidine Butyl 3.00 2.71 


K-cf I 


2-6C&&NH~-Pyrimidine 2.26 5.49 
4-OC4H9-l-Naphthylamine 3.63 4.03 


-R--C&IKOO--- 7 


111-61 
RBR 


R log P Obs. 


H 1 .8F  1.92 
4Cl 2.650 1.93 
4-F 2.0@ 1.90 I~I-70 


O C  &CH1 
4-1 
4-ocH3 


4-NHCOCHs 
4-CN 


2.293 
3.01s 
1.950 


1.79 
1 J 6  
1.63 


R R' log P 6. 
Ethyl Ethyl 1.70 3.35 


Ethyl Hexyl 3.70 3.97 


Ethyl Isoamyl 3.00" 4.12 
Ethyl 1-Methylbutyl 3.00 4.25 


Isopropyl Allyl 2.20 3.92 
seoButy1 Allyl 2.70 4.12 


1 .59  1.54 
1.08 0.74 


o-c=o k 111-62 111-63 
PC PC 


R log P Obs. Obs. 


4 111-71 
PC 


R R' log P Obs. 


H 2.75 4.04 
3.77 


CHa 
OCHa H 2.21 


cSH17 -0 .99 1.14 0.84 
C12H2s 1.05 3.15 3.73 
C;,Hi, 2.05 4.12 4.33 
C16H33 3.05 4.21 4.43 
ClSH37 4.05 3.98 4.20 
3-OClzH25-3-OH-Propyl 1.66 4.00 3.76 


(continued) 
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Table III-(Conrinued) 


R 


c1 
Br 


H 3.01 3.78 
H 3.19 3.88 


tert-C4He H 4.43 3.23 
OH H 1.64 2.84 
COC2Hs H 2.20 3.22 
CH, CH:, 3 . 2 9  3.77 
CHa Br 3.50 4.20 


r -RSCN 
111-72 


PC 
R log Pa Obs. 


3.03 
4.03 
5.03 
6.03 
7.03 
8.03 


2.17 
2.60 
2.75 
2.82 
2.84 
2.66 


0 
I! 


0 -C -C- CH, 


X log P 


111-73 
PC 


Obs. 


H 1.99 2.89 
2 x 1  2.75 3.08 
4-Cl 2.69 3.25 -. .. 


2-Ci, 4-c1 3.45 3.49 
2-c1, 4-c1, 5-c1 4.21 3.84 
2-C1, 443, 6-C1 4.21 3.76 
243. 4-Cl. 5-CI. 6-C1 4.97 3.97 
Pentabromo ' 6.74 3.64 


OH 


111-74 
R PC' 
R R' log P Obs. 


H c1 2 . 3 9  0.81 
Methyl c1 2.89 1.34 
Ethyl c1 3.39 1.73 
Propyl CI 3.89 2.26 
Butyl C1 4.39 2.52 
Amyl c1 4.89 2.63 
sec-Amyl C1 4.69 2.23 
Cyclohexyl C1 4.90 2.25 
Heptyl CI 5.89 2.51 
Octvl c1 6.39 1.83 
c1 - H 2.19 0.50 
c1 Methyl 


Ethyl 
Prowl 


2.65 0.91 
3.15 1.35 
3.65 1.86 


c1 Butyl 4 .15 2.20 
C1 Amy1 4.65 2.23 
c1 terr- Amyl 4.33 2.00 


a Experimentally determined value of log P. All other values of log P 
were calculated according to additivity principles outlined in References 
1 and 6. b Based on measured value of - 0.62 for a-hydroxypropionic 
acid. 0 Based on measured value of 0.37 for ,iproniaz,id. d Based on 
measured value of -3.18 for a-bromopropionic acid. .Based on 
measured value of - 0.16 for N,N-dirnethyldecylammonium bromide. 
f Based on measured value of -0.17 for monobutyrin. p Based on meas- 
ured value of 2.03 for butylthiocyanate. 


each grouping is essentially constant (-0.50 to -0.10) 
for all groups. In addition, there is significant variation 
in the ranges of the constants of regression ( c )  within 
each group when compared between groups. Also of 
interest is the observation that the ranges of the in- 


dividual log P values represented in the data used to  
derive the equations vary noticeably between groups. 


Of the eight equations in Table I, Part A, five describe 
enzyme systems. Of the 58 equations in Table I, Part B, 
36 are derived from data involving bacterial systems. 
In addition, 14 of the 27 equations in Table I, Part C ,  
were derived from bacterial systems while nine describe 
hemolysis data. From the entire series of 100 equations, 
it appears that the coefficient of the linear term in the 
equation describing a bacterial system most often lies 
between 0.50 and 1.50. In addition, most of the equa- 
tions involving hemolysis data contain coefficients of 
the linear term between 0.75 and 1.75. 
Of the compounds used to derive these equations, 


the largest single grouping consists of those that are 
ionic. Of the eight equations in Table I, Part A, six were 
derived from ionic compounds. Also, 35 of the 58 
equations in Table I, Part B, consist of ionic compounds, 
while 17 of the 27 equations in Table I, Part C ,  were 
derived from data composed of ionic compounds. From 
these data, it appears that most of the equations de- 
rived from these compounds contain coefficients of the 
linear term between 0.5 and 1.5. 


The second best set of 67 equations (listed in Table 
11) was selected according to less stringent statistical 
criteria and might, therefore, be considered a slightly 
less reliable basis set than those given in Table I. Specif- 
ically, requirements for inclusion in this set included 
an F ratio showing the parabolic equation to be more 
significant than the corresponding linear equation at 
the 9 5 9 9 %  level and an r value greater than 0.80. In 
addition, the plot of log P values uersus biological 
activity for each equation appeared unquestionably 
parabolic. 


A summary of the results of the equations listed in 
Table I1 is given in Table IV. Of the 67 equations in 
Table 11, the distribution among the four subsets was 
markedly different from that for the 100 equations in 
Table I. In this set the equations are essentially equally 
distributed among the four groups. The range of log 
Po varies in this set from - 1.37 to 12.03, a range double 
that for the data in Table I. 


However, the ranges of the coefficients of the linear 
term for the data in Table I1 are similar to those for 
Table I. Also very similar to the data in Table I are the 
ranges of the values of the coefficients of the parabolic 
terms in Table 11. On the other hand, the ranges of the 
constants of regression for the equations in Table I1 
vary drastically between groups, very much like the data 
in Table I. 


Again similar to the data in Table I, the most common 
biological system type appearing in Table I1 is bacterial 
in nature. Of the 67 equations, 37 ( 5 5 % )  describe 
bacterial systems. Of the 16 equations in Table 11, 
Part A, 10 equations (63%) involve bacterial systems, 
as do four of the 17 equations (23 %) in Table 11, Part B, 
10 of the 15 equations (67%) in Table 11, Part C, and 
13 of the 19 equations (68%) in Table 11, Part D. In 
addition, 40% of the equations contained in Table I1 
were derived from ionic compounds. Of the 16 equa- 
tions in Table 11, Part A, 12 involve ionic compounds 
while eight of the 17 equations in Table 11, Part B, six 
of the 15 equations in Table 11, Part C, and one of the 
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Table IV-Summary of Comparison of Results 


Equations in 7 


Values Compared Table I Table I1 


A. Distribution of log Po values 
<1.5 8 7  
1;5-3.0 58 2 
3.0-5.0 27 z 
> 5.0 7 z  
Range -0.40-6.26 


Group A -0.53-1.23 
Group B 0.33-3.72 
Group C 0.71-2.95 
Group D 0.80-2.45 


B. Range of values of 6 


Average 0.33-2,59 


Group A -0.77--0.10 
Group B -0.69--0.09 
Group C -0.48--0.09 
Group D -0.24--0.06 
Average -0.54--0.08 


Group A 2.77-8.14 
Group B - 1.78-6.33 
Group C -1.84-3.84 
Group D - 3.47-1 .37 
Average -1 .084 .92  


Group A -4.38-3.80 
Group B - 3.34-6.32 
Group C -2.22-6.32 


Average - 2.10-6.49 


C. Range of values of a 


D. Range of values of c 


E. Range of values of log P 


Group D 1.53-9.53 


25 % 
24 72 
22 z 
29 z 


-1.37-12.03 


-0 .341 .06  
0.13-3.68 
0.45-8.07 
0.69-2.32 
0.23-3.78 


-0.55--0.05 
-0.72--0.02 
-0.88--0.05 
-0.21--0.04 
-0.59--0.04 


0.10-7.06 
-1.57-5.58 


-13.32-4.16 - 5.61-2.51 
-5.10-4.82 


-4.70-5.03 
-4 .344 .40  
-3.70-5.63 
-3.70-10.07 
-4.11-6.28 


19 equations in Table 11, Part D, also describe data 
from ionic compounds. 


DISCUSSION 


By what ways can the parabolic relationship between 
log 1/C and log P be explained? There are, of course, a 
variety of possible explanations, any one or a combina- 
tion of which might be involved in a given problem. 
If the partition coefficient is defined as P = concentra- 
tion in fatty phase/concentration in aqueous phase, one 
can reason that if P for a drug approaches zero, the 
drug will be so insoluble in fatty phases that it will not 
cross a lipid membrane and will remain localized in 
the first aqueous phase it contacts. Conversely, as P 
approaches infinity, the drug will be so insoluble in 
water that it will remain localized in fatty tissue. Some- 
where between the value of zero and infinity there 
will be an optimum P value (termed Po) such that those 
drugs possessing this value will be least inhibited in 
their movement through the aqueous and lipcphilic 
phases of living tissue. Intuitively, it was felt that a 
parabola would approximate the relationship between 
the concentration of drug administered and the con- 
centration at  the active site (after a certain fixed time 
interval) under nonequilibrium conditions (39, 126). 
By definition, it is impossible to attain true equilibrium 
with a living system. Under certain conditions, with 
cells or isolated tissue, it may be possible to reach a 
pseudoequilibrium. 


The finding of active sites by drugs can be regarded 
as a random walk process in which drug molecules must 
cross many membranes. This partitioning process is 
much like that of the drug's partitioning on and off of 
lipophilic macromolecules (Eqs. 2-4). An astronomical 


number of such events must occur with each drug 
molecule before it ultimately hits its final target. The 
progress a drug molecule makes in running this gantlet 
of aqueous and lipophilic phases is heavily dependent 
on its hydrophilic-lipophilic balance. 


After the drug reaches the active site, it must partition 
onto it. This may be a much more specific kind of parti- 
tioning in which the steric and electronic characteristics 
of the drug may play rate-limiting roles. The rate of 
response can be formulated as: 


AkxC d response ~ 


dt (Eq. 174) 


where A is the probability a drug molecule will reach 
the active site in the time At  allotted for the test, C is 
the molar concentration of applied drug, and k ,  is a 
rate or equilibrium constant for the combination of 
drug and receptor. In the first attempt to treat the 
problem mathematically (127), the assumption w a s  
made that A would be normally distributed with re- 
spect to log P: 


A = ae- (log P -log Po)P/b (Eq. 175) 


For a fixed time interval of testing, d responseldt is 
constant so that Eq. 174 can be written as: 


kl = ae-(log P--log Pd2b.kx .C (Es. 176) 


Taking the logarithm of Eq. 176, collecting constants 
(bearing in mind that Po is a constant), and rearranging 
give : 


log 1/C = --h(log P)' + ks log P + krkx + kg (Eq. 177) 


In general, one might expect to correlate kx uiu the 
linear combination of steric, electronic, and hydro- 
phobic terms as in Eq. 178: 


k x = a l o g P + b a + c E , + d  (Eq. 178) 


However, for the present review, data were selected to 
avoid cases where significant electronic and steric ef- 
fects were involved so that it is assumed that log k, 
is linearly related to log P.  Substituting this into Eq. 
177 yields: 


log 1/C = -k&g P)e + ka log P + ks log P + k7 (Q. 179) 


or: 
log 1/C = -kz(log P)' + ks log P + kl (Eq. 180) 


Four important parameters are associated with Eq. 
180: k2, ks, k,, and log Po. The first three are obtained 
by fitting experimental data to Eq. 180. Log Po is found 
by setting (d log l /C) /d  log P equal to zero and solving 
for log P. Since ks is the sum of k l  and ka, its value de- 
pends in part on the random walk process and in part 
on the hydrophobic interaction of the drug and the ac- 
tive site. The value of log Po also depends on the resul- 
tant sum of these two processes. This can be better 
visualized (40) by taking the derivative of Eq. 179, 
setting it equal to zero, and solving for log P: 


k k  log Po = 3 + 2 2ka 2 k a  
(Eq. 181) 
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The first term on the left of Eq. 181 relates the localiza- 
tion rate at the sites of action to log P. Since there is 
reason to believe that this might be rather constant for 
certain types of systems (e.g., mammalian), it could be 
defined as log Pi in the following equation: 


log Po = log Pi + 2 (Eq. 182) 


The above equations, of course, rest on the Meyer- 
Overton assumption that partition coefficients between 
a fatty solvent and water serve to model partitioning 
between the lipophilic and aqueous phases of biological 
material; that is, Eq. 1 must hold where Pz is from a 
reference system such as octanol-water and PI is a kind 
of average partition coefficient for the heterogeneous 
phases of biological tissue. Equation 1, first suggested 
by Collander (128), was shown to have certain but not 
unlimited generality (129). Not every solvent system 
serves as a suitable reference system. Recently, Seeman 
et al. (130) measured the partition coefficients for a 
series of alcohols between red cell ghosts and water. 
These were correlated (1) with octanol-water values in 
Eq. 183: 


k 
2kz 


n r  S 
logpghosts  = 1.00 10gP - 0.88 5 0.998 0.082 (Eq. 183) 


The slope of 1 in Eq. 183 indicates a 1 : 1 correspondence 
in the two processes. The negative intercept indicates 
that it is about seven times more difficult for an alcohol 
molecule to move into the ghost membrane than into 
octanol. Equation 183 does suggest that octanol-water 
is a good reference system to model partitioning in and 
out of membranes, while Eq. 2 and others of its kind 
(1, 5 )  show that octanol-water serves to model parti- 
tioning between an aqueous phase and proteins. 


The many excellent linear correlations between log P 
values and various equilibrium and rate constants that 
are heavily dependent on partitioning processes (1, 5 )  
emphasize that membranes and proteins in an aqueous 
environment are much more fluid than was indicated 
by the ideas developed up to 1960. The fluid mosaic 
model (131) of membranes developed by Singer suggests 
an ever changing, loose association of the lipids in 
which other large molecules may be rather loosely 
held. Branton (132) aptly described this model as: “a 
sea of lipid in which other molecules swim.” Many 
enzymes and proteins must have a similar fluidity; 
otherwise, the kind of structure-activity correlations 
obtained using log P or ‘A would not be possible. There 
are now over 1000 such correlations in the authors’ 
data base alone. 


The “parabolic” relationship between log l /C and 
log P can be rationalized in a number of mechanistic 
ways. The following nine seem most important. 


1. The kinetic model (34) is possibly the general ex- 
planation for truly complex systems such as whole 
animals. To formulate this model, assume a simple 
fluid membrane as depicted in Scheme I, where k is 
the rate constant for passage from the aqueous to the 
lipid phase, and 1 is the rate constant for the reverse 
passage. Compartment 1 has a given volume, V1, and 
a given concentration of solute, A1, at zero time. The 
other compartments have corresponding values. The 


HzO lipid H20 
Scheme I 


surface area between compartments is assumed to be 
the same for all. It is assumed that in living tissue, one 
is considering a “stirred” solution. The differential 
equations governing solute concentrations in the three 
compartments are: 


ga = - S ([At - kAs) 
dt Va (Eq. 184c) 


For cells of uniform volume and surface, S/VI = 
S/Vz = S/V ,  = constant. 


In the general model, it was assumed that the solute 
was bound in the final phase with a rate constant rn. 
The general set of differential equations is then: 


dA1 = -kA1 + IAz dt 


dA dt = - 2 l A ~ i  + k(A9i-1 + A~i+l) 


dhl = -2kAzi+l + I(Azi + Ani+r) dt 


- = - ( I  + m)An-l + kA,-2 dt 
= - (k  + m)A,-l + IA,,-t 


dAn - _  - mAn-l dt 


(Eq. 185a) 


(Eq. 1856) 


(Eq. 1854 


n = odd (Eq. 185d) 


n = even (Eq. 185e) 


dA-1 


0%. 185f) 


In these equations, A t  represents the concentration in 
the ith phase and A,, that in the last phase. Since A I / A ,  
does not depend on AlO, an arbitrary initial concentra- 
tion such as 1.0 can be used. For a specific value of n, 
the partition coefficient (P = k/l )  can be varied over an 
interval to obtain a series of solutions to the set of 
equations by integrating over time t .  Values of k and 
I were chosen so that k X I = 1 ; that is, it is assumed 
that there is a reciprocal relation between hydrophobic 


-20 I I I I I I I L 


-3 -2 -1 0 1 2 3 4  
LOG P 


Figure 7-Concentration in 20th compartment as a fuizction of log 
P when t = 10 and m = 1. The curve is a parabola fitted to the cal- 
culatedpoints by the method of least squares. 
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character and hydrophilic character. The points in 
Fig. 7 show the concentration in the last compartment 
as a function of log P for a 20-barrier model when t = 
10 and m = 1. The least-squares line in Fig. 7 results 
from fitting these points to  Eq. 186: 


log A, = a(1og P)* + b log P + c (Eq. 186) 


The fact that the points fit the line quite well justifies 
the postulate of Eq. 175. 


The use of Eq. 180 for structure-activity correlations 
was also justified by McFarland (133) using a strictly 
probabilistic approach, which is, in effect, a kinetic 
justification. 


As already considered, the parabolic relationship 
between log 1/C and log P has been rationalized in 
kinetic terms for systems not at  or near equilibrium. 
The observed biological response is quite time de- 
pendent, and the parameters of Eq. 180, including log 
Po, are at  least in part determined by the time span 
allotted between the introduction of the drug and the 
“reading” of the biological response. For practical 
studies that one hopes to  correlate uiu regression anal- 
ysis, it is most important to  achieve a sharp definition 
of A l  for the biological test. 


2. The thermodynamic model (134) considers the case 
where, under certain conditions (for example, in a 
closed system of isolated tissue in uitro), one may ap- 
proach rather close to equilibrium between drug in 
solution and drug on the sites of action. Generally, 
under such conditions (1) one can expect to find a high 
log Po (4-6) with a “linear” relationship between log 
1/C and log P. However, Higuchi and Ravis (134) 
showed that even under equilibrium conditions, one 
can expect to find “parabolic” relationships between 
log l/C and log P. This time-independent model as- 
sumes that equilibrium or better quasiequilibrium 
conditions obtain (by definition, living systems are 
never at equilibrium). Their model is developed as 
follows : 


u. The test system can be represented by the following 
compartments: w, 1, 2, 3, . . . t ,  and r, where w repre- 
sents the water phase and r the receptor. All the phases 
except w (1, 2, 3, etc.) are lipophilic. The effective volume 
of each compartment is V,, Vl, V2, etc. 


b. Thermodynamic equilibrium is essentially reached 
so that, for all practical purposes, the activity of drug, 
inhibitor, or substrate is the same in each phase and all 
can be related to a standard reference state. The drug 
is distributed to all compartments according to Nernst’s 
distribution law. 


c. Biological or biochemical response is proportional 
to the fraction of active sites occvpied by the substrates 
or inhibitors. 


d. A relatively small amount ( S )  of the applied drug 
is attached to the receptor, the rest being in phases w, 
1,2,3, .  . . t ;  that is: 


S = CwV, + C I V ~  + CzVz + . . . + CtVt (Eq. 187) 


In Eq. 187, the C’s refer to the effective concentration 
in each accessible phase. By assuming that drug distri- 
bution between the aqueous phase and each biophase 
follows a linear partition isotherm, the partition coeffi- 


cient can be defined as: 


K .  - (Eq. 188a) - c w  
and : 


i=t  ) (Q. 1884) 


The effective concentration of small molecules on the 
receptor is: 


or : 


i = l  


It is assumed that relative biochemical 
proportional to  E. 


In a system where Y ,  >> Zfl=fK,V,, Eq. 
to: 


K ,  
constant 


E = -  


Increasing the partition coefficient results 


(Eq. 189) 


0%. 199) 


response is 


190 reduces 


(Eq. 191) 


in increased 
activity up to  the point set by bulk tolerance or micelle 
formation or to  the point where ZiZ:KfVi > V,. This 
eventually occurs if there are compartments whose Ki’s 
are much greater than K,. 


For the case where V, < ZfI:K,Vi, an increase in 
lipophilic character can yield a less active congener 
since now: 


K, E G -  Ki Vi (Eq. 192) 


For the comDarison of relative activitv of derivatives 
with a parent compound, Higuchi a i d  
defined the function R: 


By the proper choice of parameters in Eq. 
calculate various sets of R values, which 


Davis (134) 


(Es. 193) 


193, one can 
Higuchi and 


Davis plotted against increasing numbers of carbon 
atoms in, for example, side chains. In this way, one 
obtains whole families of curves varying all the way 
from linear relations that level off at a limiting value to  
symmetrical parabolas. 


3. The principle of bulk tolerance (135) could also 
lead to a nonlinear relationship between log 1/C and 
log P. In general, an increase in log P means an increase 
in the size of the drug. In  going to larger members of 
a series of congeners, a point is reached where it be- 
comes more and more difficult for each successively 
larger derivative to fit into or onto the active site. 
4. Conformational distortion of the active site can 


also result in nonlinear relationships which may be 
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“parabolic” in certain instances. As members of a 
congeneric series become more hydrophobic, they 
produce greater distortions in a critical enzyme or 
membrane. This effect could account for the gradual 
change from agonist to antagonist often observed in 
thc study of homologous series (136). Such distortions 
could be considered as overinduced fits. Koshland (137) 
showed that conformational changes in enzymes caused 
by the substrate induce the proper arrangement of 
enzyme components for catalytic activity. No doubt 
the hydrophobic portions of the substrate play an im- 
portant role in inducing the proper fit. Such an induc- 
tion could be overdone, with the resultant mismatching 
of parts producing less than optimal activity. 


5 .  Metabolism could also be responsible for a 
biphasic relationship between log 1/C and log P.  
Since Brodie et al. (138) pointed out that there appears 
to be a direct relationship between the rate of micro- 
soma1 metabolism and the lipophilic character of drugs, 
evidence has been found that this phenomenon can be 
quantitatively correlated using the log P scale (139, 
140). As the members of a congeneric series become 
more lipophilic, other factors being equal, they are 
more rapidly destroyed by microsomal metabolism. 


6. Micelle formation may, under certain conditions, 
account for a break in the linear relationship between 
activity and log P .  Micelles can trap drug molecules 
(141). It is hard to imagine that drugs injected into 
whole animals could remain in micellar form when 
Eqs. 2-4 and many others of this type (1) indicate that 
organic compounds bind hydrophobically with so 
many of the macromolecules of living systems. How- 
ever, in simpler systems such as isolated enzymes, 
micelle formation could be important. Even when 
working with drugs at  concentrations below the CMC, 
it is possible that micelle-like clumps of molecules 
could form on enzyme (27) surfaces. These islands 
could function as a second compartment and produce a 
parabolic relationship via mechanism 2 above. 


7. The limited solubility of the higher members of a 
congeneric series can, in principle, cause a “cutoff” 
in linear correlation between activity and lipophilic 
character. Ferguson (36, 37) demonstrated this, but it 
seems unlikely that this is a generally important mecha- 
nism because of the reasons discussed in connection 
with Eqs. 2-4. 


8. Poisoning of an enzyme by a reaction product 
could also result in a biphasic relationship between log 
1jC and log P. For example, consider a hydrolytic 
process in which an increase in log P results in better 
binding between enzyme and substrate. As log l/Km 
increases, overall hydrolysis goes more rapidly; but 
as log P for one of the hydrolysis products increases, 
desorption of this from the enzyme may become in- 
creasingly more difficult to the point where this step 
beconies rate controlling. It was shown (7) that the 
coefficient with H for enzyme-substrate complex forma- 
tion is positive; but for the catalytic step, the coeffi- 
cient for this term is negative. 


9. Finally, the linear relation between log k and log P 
cannot prevail past the point where insufficient drug 
molecules are present to activate the minimum number 


of sites necessary to produce the standard biological 
response. 


There are such a variety of reasons to expect parabolic 
relationships that it is extremely difficult or impossible 
to deduce in any given situation which mechanism or 
combination of mechanisms is responsible for the final 
result. What is most important to  establish at this time 
is whether or not Eq. 180 can be employed to delineate 
the role of hydrophobic forces in the structure-activity 
relationship for a set of congeneric drugs. Even though, 
because of the variety of the discussed mechanisms, 
one cannot expect Eq. 180 to describe lipophilic effects 
perfectly and invariably, it will be enormously helpful 
in regression analysis if it can account for most of the 
variance in the hydrophobic effects. Only after these 
effects have, been more or less separated can one begin 
to assign electronic and steric roles to the structural 
modifications present in a set of congeners. 


The examples in Figs, 1-6 were selected to show the 
variation in types of parabolas as well as the variation 
in types of systems and drugs. While these examples 
and all of the others in Tables I and I1 are very well fit 
by symmetrical parabolas, this does not mean that 
other functions of log P would not give as good or even 
better correlations. For example, in Fig. 5 the results 
could also be interpreted to  imply that activity increases 
linearly and levels off in a rather flat fashion. One 
might want to interpret Figs. 1 and 2 as being best de- 
scribed by two straight lines. Figure 2 is a very broad 
parabola, while Fig. 5 is more pointed. Plotting the 
data is helpful in understanding the variation in the 
linear terms (b) in Tables I and 11. Since the constraint 
that the “best” symmetrical curve be drawn through 
the points is employed, a single very bad point on the 
right-hand side of the parabola can have a large in- 
fluence on the value of 6. Since these points are the most 
difficult to  determine experimentally, caution must be 
used in interpreting the value of b. Only when a good 
spread in data points on both sides of the apex is 
present can one make significant comparisons with 
other equations. 


The equations in Table I have first been categorized 
by log Po, and within these sets they have been ordered 
on the slope of the linear term (b). One of the first 
points of interest is that the sets having the highest log 
Po values are composed OF neutral compounds. Of the 
seven sets in Table I, Part D, only number 104 contains 
drugs ionized at  pH 7. In this example, log P values 
were used for the neutral amines because log P ion 
is not available. Since these compounds are almost com- 
pletely ionized at  pH 7, log Po should be 3-4 units lower 
than the listed value of 5.8. This set might better be 
placed in Table I, Part B. 


The largest number of log Po values in Table I falls in 
the 1.5-3.0 range. Many of those in Table I, Part C, are 
near 3 or have confidence intervals considerably below 
3. 


It  is harder to generalize about log Po from Table I1 
because of the wider confidence limits on the values 
of log Po in this set. In Table I1 the distribution of log 
Po values is more evenly spread. The most general 
statement that can be made about log P o  is that values 
below 1 and above 4 are less common. Negative log P o  
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values are rare. Out of 167 examples in Tables I and 
11, only four having negative signs occur. In this con- 
nection, it is interesting to point out that anticancer 
alkylating agents have negative log Po values (142). 


It is clear from Tables I and I1 that the charge on a 
set of congeners has an important part in setting the 
value of log Po. As mentioned previously, properly 
there are no uncharged molecules in Table I, Part D, 
and only one set in Table 11, Part D. Since the apex of 
the parabola occurs at a lower value when either a 
positive or negative charge is present on a set of con- 
geners, this suggests that the apolar portion of a mole- 
cule may exert a considerable drag on the molecule in 
its movement to the site of action, regardless of the 
fact that overall the molecule is relatively hydrophilic. 
On the other hand, it may be that the charge or a 
combination of the charge and the apolar moiety acting 
tdgether causes the drag effect which results in a lower 
log P o  for sets of ions. 


In Table I there are 27 data sets where cationic drugs 
(the positive charge being on the organic ion) are acting 
on microorganisms. The mean value and standard de- 
viation for log Pu for these are 2.51 f 0.43. Considering 
the great variety of organisms (Gram positive, Gram 
negative, and fungi) and the variety of drugs employed, 
this is a relatively sharp constant. 


The results with anionic drugs are not as sharp. 
Omitting Eqs. 9 and 10, there are 16 examples that have 
a mean value of 2.34 f 0.68. While the mean value is 
close to that of the cationic drugs, the standard deviation 
is much larger and would be even greater if the two 
data sets omitted were included. There are relatively 
few sets of cationic drugs acting on microorganisms 
among the less good correlations of Table 11, while 
there are a good many sets of anionic compounds. 
Cationic drugs apparently show a more limited range 
of specificity and give more precise correlations with 


The log Po for charged compounds acting on micro- 
organisms can be compared with log Po for neutral 
compounds. It was shown (58) that the log Po for neu- 
tral compounds acting in uirro on Gram-negative or- 
ganisms is about 4, and for Gram-positive organisms 
it is about 6. The fact that it is possible to go to higher 
log P values in a congeneric series before reaching log 
Po may mean that these compounds are less hindered 
in their movement and that one can approach equilib- 
rium in a shorter time. 


In Table I there are very few examples of log Po in 
whole animals outside of the 1.5-3.0 range. For a wide 
variety of hypnotics acting in various whole animals, 
log Po of about 2 was observed (40, 143). No doubt, in 
these systems nothing approaching an equilibrium be- 
tween drug in the open system (whole animal) and 
drug on the receptor sites occurs. The mean log Po of 
about 2.5 for charged drugs acting in closed in uitro 
systems against microorganisms may result from equi- 
librium not being reached because of the additional 
drag placed on drug movement by the positive or 
negative charge. Localization of the drug in the first 
lipophilic material it encounters appears to become 
severe as log P approaches 2-2.5. 


Most equations in Tables I and I1 are based on log 


log P. 


1/C data; one can, therefore, compare intrinsic activi- 
ties by comparing intercepts (listed under c) .  The value 
of the intercept is determined by the sensitivity of the 
system and the intrinsic activity of the pharmacophoric 
function in the set of congeners (32, 55).  Comparing 
intercepts (other factors being equal) means comparing 
sets of congeners under isolipophilic conditions (log P = 
0). If the systems have the same sensitivity, then dif- 
ferences in intercept represent differences in the stereo- 
electronic character of the pharmacophoric function 
common to the members of the set. The diversity of 
systems is so great in Tables I and I1 that not much in 
the way of useful generalization is possible. The mean 
intercept of cationic drugs (except guanidines) acting 
on microorganisms is about 3; this i s  close to the 3.2 
value previously found for fungi (55) .  Neutral non- 
specific compounds such as phenols and alcohols have 
low values (< l ) ;  RSCN, for example (Eq. 11 l), has a 
value of 3, showing a specificity at least two orden of 
magnitude above phenols, alcohols, and thioureas 
(Eg. 150). 


In summary, it can be said that the present review 
provides a large amount of support for the thought 
embodied in Eq. 177; that is, if one can assume that 
the relationship between log 1/C and log P is well ap- 
proximated by a parabola, then the role of the hydro- 
phobic character of drugs can be at  least roughly 
separated from the electronic and steric characteristics 
of drugs. This should be of great help in drug design. 
The many good correlations and the general agreement 
among log Po and intercept values for sets of charged 
congeners provide further support for the utility of 
log P values from the octanol-water system as an 
operational definition of relative lipophilic character. 


Finally, it is hoped that this summary of equations 
will prove useful for comparison with the results of 
future work. 
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Antitumor Activity and Preliminary Phytochemical 
Examination of Tagetes minutu (Compositae) 


G. R. ICKES, H. H. S. FONG, P. L. SCHIFF, Jr.*, R. E. PERDUE, Jr.t, and N. R. FARNSWORTH' 


a c t  0 A random collection antitumor screening program re- 
vealed that the whole flowering plants of Tugetes minuta were sig- 
nilkmtly active against the Lewis lung carcinoma in uioo. In the 
present phytochemical examination of this plant, the flavone 
glycosides quercetagctrin and patuletrin were isolated in addition 
to the monomethyl ester of fumaric acid and syringic acid. 


Kaypl~am 0 Tugetes minutu (Compositae)-phytochemical study, 
antitumor activity 0 Antitumor activity-isolation and testing of 
constituents of Tugetes minuta 0 Medicinal plants-phytochemical 
study of Tagetes rninutu, antitumor activity 


Extracts from Tagetes minuta' were found to elicit 
significant activity against the Lewis lung carcinoma 
in uioo. Results of a preliminary phytochemical in- 
vestigation of this plant are reported here. 


Prior phytochemical studies on T. minufa were limited 
to the isolation and characterization of insecticidally 
active compounds such as 5-(3-buten-l-yny1>2,2'- 
bithienyl, a-terthienyl (l), 5-(but- l-chloro-2-ol-3-ynyl)- 
2,2'-bithien yl, cis-5-( 1 -acetoxy-but-3-enyl)-2,2 '-bithien- 
yl, 5-(but-l-en-3-ynyl)-2,2'-bithienyl, 5-(4chloro-3- 
hydroxy-but- l-yny1>2,2'-bithienyl, and S-(but-l -yn-4- 
olyl)-2,2'-bithienyl (2), in addition to the terpenes 
ocimene, d-limonene, estragole, tagetone, and a-di- 
methyl-Aa-octen-e-one (3, 4). A number of rather rare 
flavonoids, i.e., patuletin, patuletrin, quercetagetin, 
quercetagetrin, tagetiin, and kaempferitrin (5-8), in 
addition to a number of carotenoids, i.e., helinine, 
violaxanthin, tubichrome, rubixanthin epoxide, lutein, 
antheraxanthin, a-cryptoxanthin, phytofluene, a-caro- 
tcne, @-carotene, and helenien (9-1 l), have been iso- 
lated from other tagetes species but not T. minufa. 


EXPERIMENTALs 


Plant MaW-Orig ina l ly ,  the aerial parts of the plant' T. 
rninutu L. (Compositae) were collected dong an open sunny bank, 
below the Harar-Jijiga road, near the southeastern limits of Harar. 
Hararge Province. Ethiopia, in December 1964. The collection was 
made at latitude 9" 18' N., longitude 42" 7' E. at an elevation of 
2134 m. (7000 ft.). A second collection of plant material (PR- 
15256). on which the current investigation is based, was collected 
along the Acachi River in Shoa Province, Ethiopia, 17 km. south 
of Addis Ababa [elevation 2082 m. (6830 ft.), latitude 8" 52' N., 
longitude 38" 50' E.] in January 1968. This material corresponded 
in every detail with the original collection. 


Jkbndioa and Initial Fractionation-A 6.0-kg. sample of milled 
aerial parts of T. minuta was extracted with hexane' in a Lloyd 


1 Collected in Ethiopia as part of the anticancer screening program of 
the U. S. Depapment of A riculture and the National Cancer Institute. 


1 Melting points were $en on a ThomasHoover ap aratus and are 
uncorrected. The UV s ectra were obtained using a &&man model 
DK-2 spectrometer, an8the 1R spectra were determined in KBr pellets 
u h  a Beckman model IR-8 instrument. * voucher specimen is in 'he Herbarium of the .U. S. National 
Arboretum and rn Kew Herbarium. The ongnal specunen was deter- 
mined at Kew. 


4 Skdlysdve B. 


extractor for 24 hr. The resulting extract was concentrated and re- 
moved from the extractor; fresh solvent was added and the extrac- 
tion was continued for an additional 24 hr. This procedure was 
repeated two additional times, and the extracts were pooled and 
concentrated to a thick syrup (39.8 g., Fraction A), 
The defatted plant material was then air dried, placed back into 


the extractor, and extracted with 95% ethanol in a similar manner 
as for the hexane extraction. After removing the ethanol from 
the extract, a fraction (B) weighing 372 g. was obtained. Fraction 
B was then partitioned between 2 1. each of chloroform and water, 
and the aqueous phase was separated and extracted with three 
additional 2-1. volumes of chloroform. All chloroform extracts 
were combined and taken to  dryness in DOCUO, and a third fraction 
(C) weighing 43.5 g. was obtained. Entrained chloroform was re- 
moved from the aqueous phase in wcuo, and the fraction was 
frozen and lyophilized to yield 329.5 g. of Fraction D. 


Fraction D was dissolved in a convenient volume of distilled 
water, and a flavonoid fraction was prepared by several extractions 
with ethyl acetate. The ethyl acetate extraction was continued until 
a negative cyanidin reaction was obtained (12). In this manner, 
59.3 g. of Fraction E was obtained. Further extraction of Fraction 
D with ethyl acetate-methanol (95:5 and 8:2) yielded only negli- 
gible quantities of residue. Finally, Fraction D was exhaustively 
extracted with n-butanol, which yielded 190 g. of Fraction F. 


Fraction E, following TLC on polyamide plates using methanol 
as the developing solvent and 25% aqueous lead subacetate solu- 
tion as the spray reagent, showed the presence of three yellow- 
orange spots at Rf 0.90, 0.41, and 0.59 when the chromatograms 
were viewed under UV light. 


Isolation and Identification of Patuletrin-An aqueous slurry of 
polyamide (370 g.) was prepared and poured into a glass chromato- 
graphic column (4 X 7 cm.). A charge of 18.05 g. of Fraction E 
was absorbed on 10 g. of polyamide, and this was placed on top of 
the prepared column as a dry powder. Elution was initiated with 
water, then with water containing increasing amounts of methanol, 
and finally with methanol. Fifty-milliliter fractions were collected 
from the. column, and these fractions were monitored on cellulose 
TLC plates, using n-butanol-acetic acid-water (4: 1 :5) as the de- 
veloping solvent. Fractions were grouped and pooled on the basis 
of TU3 patterns after spraying the plates as previously described. 


Fractions 50-69, which were eluted from the column with water- 
methanol (1 : l), were pooled and taken to dryness to yield 1.01 g. of 
residue. The residue was dissolved in 500 ml. of hot methanol and 
this was reduced in oucuo to 50 ml. and filtered; then the filtrate was 
allowed to evaporate spontaneously at room temperature. In this 
manner, three crops of amorphous material were harvested, which 
were shown to be identical by TLC. The material consisted of two 
major components, giving flavonoid reactions, at Rj 0.66 (major) 
and 0.77 (minor). The precipitate was crystallized from methanol 
to give 20 mg. of crystals. However, the crystals still contained a 
small amount of the Rf 0.77 substance, which was separated from 
the major component by TLC on cellulbse plates. Elution of the 
mixture was with n-butanol-acetic acid-water (4 : 1 5). The 
zone at RI 0.66 was removed by scraping, dissolved in methanol, 
and crystallized in the usual manner to yield microcrystals having, 
after drying in wcuo at 100" for 24 hr., m.p. 254-256". An IR spec- 
trum of the isolate showed absorption maxima at 3380 (s), 2940 
(sh), 1W (m). 1595 (m). 1485 (s), 1375 (m), 1200 (m), 1070 (s), 990 
(s). and 700 (s) cm.-'. 


Direct comparison of the aglycone of the isolate by UV and IR 
analyses and by TLC analysis in three different systems showed it 
to be identical with patuletin. The glycone, analyzed after acid hy- 
drolysis, was shown to be ~glycose.  Attachment of the mglucose 
at the %position was determined by UV analysis when no batho- 
chromic shift in the UV spectrum from 259 nm. (observed) for the 
intact glycoside was observed after treatment with sodium acetate 
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(14). It was thus concluded that the isolated flavone was 3,5,3',4'- 
tetrahydroxy-~methoxyflavone-7B-~-glucopyron~ide (patuletrin). 


Isolation and Identification of QuercetageMb-TLC on cellulose 
plates of combined fractions 96-115 from the column, which were 
eluted with water-methanol (1:3), showed the presence of one 
major flavonoid at  RI 0.16 and five minor flavonoids. The fraction 
(0.74 g.) was dissolved in a minimum volume of methanol and was 
applied to several thick-layer cellulose plates (0.5 nun.); it was 
separated, using n-butanol-acetic acid-water (4: 1 5). by triple de- 
velopment of the plates. The major component ( R ,  0.16) was re- 
moved and eluted from the cellulose matrix with methanol to give 
410 mg. of one-spot material as evidenced by TLC. After drying 
in wcuo at 100" for 24 hr., the isolate exhibited a melting point of 
237-238". An IR spectrum (KBr) of the isolate showed absorption 
bands at 3400 (s), 2940 (w), 1655 (s), 1605 (s), 1485 (s), 1385 (m), 
1250 (w), 1070 (s), 990 (sh), 855 (w), and 825 (w) cm-1. The isolate 
exhibited an unusual dull black color under UV light on paper and 
thin-layer chromatograms, which is an unusual characteristic for 
flavonoids but which has been described previously for two rather 
rare flavonoids, i.e., quercetagetrin and its aglycone (16). This iso- 
late was also shown to be a flavonol as evidenced by the typical UV 
absorption at 363 nm. (methanol), and the edihydroxy grouping 
was demonstrated to be present as a result of a hypsochromic shift 
of 56 nm. in aluminum chloride when compared with the absorp 
tion in aluminum chloride-hydrochloric acid. 


A comparison of the UV, IR, and TLC data of the isolate with 
those of quercetagetrin proved the two compounds to be identical. 
Thus, the isolate was shown to be 3,5,6,3',4'-pentahydroxyflavone- 
7B-~glucopyranoside (quercetagetrin). 


Isolation and Idenrillcation of Monomethyl FumarateAn addi- 
tional portion of Fraction E (41.25 g.) was dissolved in water con- 
taining only enough methanol to effect complete solution. This 
solution was then extracted several times with ether; the ether frac- 
tions were pooled, dried over anhydrous sodium sulfate, and taken 
to dryness to give 7.11 g. of residue. This residue was dissolved in 
chloroform and applied to  a chloroform slurry-packed column of 
silicic acid (400 g.), and 20-ml. fractions were collected. TLC of 
each fraction from the column revealed that fractions 113-118 con- 
tained a single substance. The pooled fractions (113-118) were 
taken in cacuo to a syrupy consistency (510 mg.), and the addition 
of benzene to this syrup resulted in a copious formation of colorless 
needles. The needles were recovered by filtration, in addition to a 
second crop from the mother liquor. A total of 35 mg. of colorless 
needles was obtained which, after drying in cucuo for 24 hr., gave a 
melting point of 144.5"; IR (KBr): 3100 (s), 2975 (w), 2700(w), 2530 
(w), 1720 (s), 1685 (s), 1351 (s), 1285 (sh), 1275 (s), 1265 (s). 995 (s), 
920 (m), 895 (m), 765 (m), and 650 (m) cm.-'. The UV spectrum of 
the isolate, in ethanol, showed only end-absorption at  208 nm. 
(e = 7333). A mass spectrum taken at 70 ev. showed the molecular 
weight of the isolhte to be- 130. Mass tables (17) were consulted for 
various combinations of C, H, and 0 having this molecular weight. 
Five formulas were found: C&04, C ~ H I O O ~ ,  GH&, CH,O,, 
and CsHlsO. Since the IR spectrum indicated the presence of both 
an unsaturated acid and an unsaturated ester, all compounds with 
less than four 0 atoms were not considered further. This left only 
the formula CsHtOd. The mass spectrum showed that the compound 
was a methyl ester, as evidenced by the large M - 31 ion at  mle 99. 
When the 1R spectrum of the isolate was compared with that of a 
synthetic sample of the monomethyl ester of fumaric acid, they were 
found to  be identical. The melting point of the isolate was 144.5", 
which is in agreement with the literature value for the monomethyl 
ester of fumaric acid (18). A mixed melting point of the isolate and 
a synthetic sample of thC monomethyl ester of f u d c  acid showed 
no depression. These data confirmed the identification of this iso- 
late as the monomethyl ester of fumaric acid. 


Isolation and Identification of Syringic Add-Fractions 161-204, 
obtained from the silicic acid column previously described, were 
combined and concentrated in wcuo to a thick syrup and placed 
into a vacuum oven to dry at 50". After several hours, colorless 
needles were observed projecting from the syrup. These crystals 
were removed and dissolved in 10 ml. of methanol for recrystalliza- 
tion. Three milligrams of pure, colorless needles were obtained 
from this solution which, after drying for 72 hr. in a vacuum desic- 
cator at 25", exhibited a melting point of 197-199". 


An 1R spectrum of the isolate (KBr) showed absorptions at 
3300 (s), 2980 (w), 2930 (w), 1695 (s), 1610 (s), 1515 (s). 1455 (s), 
1415 (s), 1365 (m), 1240 (m), 1200 (s), 1025 (w), 905 (m), 860 (m). 


795 (w), 765 (8). and 680 (s) cm-1. The carbonyl absorption at 
1695 an.-' was suggestive of an unsaturated aromatic acid. 


The UV spectrum, in methanol, showed bands at  267 (c = 4812) 
and 217 (c = 9375) nm. On addition of a potassium hydroxide 
solution to the sample, a bathochromic shift to 300 (e = 5937) and 
224 (c = 7812) nm. was observed, indicating the presence of an 
enolizable moiety in the isolate, perhaps due to a phenol group. 


In consideration of these data, a search was made of previously 
isolated constituents to obtain a list of organic acids having a molee 
ular weight of 198 (as evidenced by a mass spectrum of the isolate) 
and a melting-point range of 197-200'. Syringic acid (3,S-dimethoxy- 
4hydroxybenmic acid), and 2,4,5trihydroxyphenylglyoxylic acid 
were the only two compounds that fulfilled these criteria. Since 
the 1R spectrum did not show the two different carbonyl absorg 
tions necessary for the substituted phenylglyoxylic acid, and since 
the. literature melting point for 2.4,5-trihydroxyphenylglyoxylic 
acid was 193 ", syringic acid was tentatively assumed t o  be the iso- 
lated compound. 


Supporting evidence that this selection was correct is fobnd if one 
examines the UV spectrum again. Comparing the. theoretical max- 
imum for syringic acid, an excellent correlation is found. If one 
uses a base value of 239 nm. for knzoic acid, adding 25 nm. for a 
para-substituted hydrdxyl group and 7 nm. each for two mera-sub- 
stituted methoxyl groups, one arrives at a calculated value of 269 
nm. for syringic acid (19). This compares favorably with the ob- 
served value of 267 nm. for the isolate. 
Mass spectra of the isolate and a reference sample of syringic 


acid were identical. 
In addition to these data, TLC in three different solvent systems 


gave identical Rf values when the isolate was simultaneously 
chromatographed with a reference sample of syringk acid. Also, 
the IR spectra of the isolate and syringic acid were superimposabk. 


Antitumor Activity of T. minuta--Each crude fraction (A-D) 
was submitted to the Drug Research and Development Branch, 
National Cancer Institute, for bioassay using established protocols 
(23) in the PS leukemia, L1210 leukemia, Walker muscular carcine 
sarcoma, and Lewis lung in vioo tumor systems. In addition, the 
fractions were evaluated for cytotoxicity using Eagle's 9 KB car- 
cinoma of the nasopharynx in cell culture. Fractiohs A-C were in- 
active against all neoplasms and were not cytotoxk. Fraction D had 
marginal activity against the Lewis lung carcinoma, giving a TIC 
value, of 43 at 266 mg./kg. The monomethyl ester fumaric acid is 
inactive against the P-388 leukemia. It was also found to be non- 
cytotoxic. 


SUMMARY 


The aqueous extract prepared from T. minuru L. aerial parts 
has shown reproducible activity against the Lewis lung carcinoma. 
A phytochemical investigation was initiated in an attempt to isolate 
and characterize the active antitumor principk(s). During the in- 
vestigation, quercetagetrin. patuletrin, the monomethyl ester of 
fumaric acid, and syringic acid were isolated and identified. This is 
the first report on the occurretlce of these four compounds in T. 
minuru. Only the ester was available in quantities sufficient for 
biological testing, and it was found to  be noncflotoxic. Studies are 
in progress to  isolate the active antitumor principle(s) from this 
plant. 
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Imidamlecarbohydrazides IF 
Synthesis and Biological Evaluation 


J. R. NULU* and JAY NEMATOLLAHI’ 


Abrtract 0 A series of l-methylimidazole-4,S-dicarboxylic acid 
hydrazides and a bicyclic compound imidand4,S-dJpyridazine were 
synthesized and their structures were elucidated. The compounds 
were subjected to a limited pharmacological evaluation (MA0 
inhibitory activity) and the results arc reported. 


Keyphrases 0 l-Methylimidazole-4,5-dicarboxylic acid hydrazides 
-synthesis, structure determination, scramxi for M A 0  inhibitory 
activity 0 Imidazo[4,S-dlpyridazine-synthesis, structure deter- 
mination, screened for MA0 inhibitory activity 0 Hydrazides, 
1-methylimidazole-4,Sdicarboxylic acid-synthesis, structure deter- 
mination, screened for MA0 inhibitory activity 0 MA0 in- 
hibitors, potential-synthesis and evaluation of l-methylhidazok- 
4,S-dicarboxylic acid hydrazides and imidazo[4,S-dJpyridazine 


The synthesis and certain biological properties of 
some imidazole+or 5>mOnO- and 4,5-dicarboxylic 
acid esters, hydrazides, and hydrazones were reported 
previously (1, 2). The present paper reports the in- 
vestigation of l-methylimidazole-4,5dicarboxylic acid 
derivatives and their bicyclic analogs. 


The starting ester, dimethyl l-methylimidazole-4,5- 
dicarboxylate (I), was synthesized by methods pre- 
viously reported (1 , 2). The reaction of I with hydrazine 
(IIu) or methylhydrazine (IIb), depending on the re- 
action conditions, gave the dihydrazide (IIIu) (1) or 1- 
methylimidazole-4,5-dicarboxylic acid bis(2-methyl- 
hydrazide) (IIIb), respectively, or their bicyclic analogs 
IVu (3) and I ,5dimethyl-7-hydroxyimidaz~4,5-dJpy- 
ridazin-4-one (IVb), respectively. With phenylhydrazine 
(IIc), only IIIc was obtained. 


As depicted in Scheme I, some analogs of 111 were 
synthesized by sodium borohydride reduction of their 


(21) T. Aczel and H. E. Lumpkin. ibid., 33,386(1%1). 
(22) C. S. Barnes and J. L. Occolowitz, Awl. J. Chem., 16,219 
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respective hydrazones (4). In this study, the ethylidene 
derivative (VI) was found to be resistant to such re- 
duction. 


The reaction product of I and IIb could possibly be 
IVb, IVc, or a mixture of the two. A relatively sharp 
melting point of the product, together with a single 
spot observed on a thin-layer chromatogram and the 
presence of only a single NMR peak for the CHS pro- 
tons on the pyridazine, gave convincing evidence that 
the compound was not a mixture of the two isomers. The 
elucidation of the molecular structure of the compound 
was attempted by the following experimental procedure. 
Mixing stoichiometric quantities of an aqueous solu- 
tion of silver nitrate and IVu gave a precipitate analo- 
gous to those reported ( 5 )  for purines on whose B-posi- 
tion exists an OH or NH1 with the 7 as pyridinic N, or 
on the &position a -0 with the 7 as pyrrolic NH. 
Separation of the precipitate by centrifugation, its dis- 
solution in perchloric acid, and UV spectrophoto- 
metric analysis of both the dissolved precipitate and the 
supernate revealed a 1 :1 silver-IVu chelate. Similar 
experiments on the bicyclic reaction product of I and 
116 did not produce any precipitate. Because the purine 
analog of IVc forms a water-insoluble silver chelate (9, 
the reaction product was assumed to be IVb. 


The formation of IVb may possibly involve an inter- 
mediate half-ester half-hydrazide, l-methylimidazole- 
4-carbomethoxy-5-(2-methylhydrazide), although it has 
not been isolated or identified. The phenyl analog of 
this compound, imidazole4carbomethoxy-5-(2-phenyl- 
hydrazide), however, has been shown (1) not to give an 
analogous bicyclic system. The possibility of IIIb being 
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[NITROGLYCERIN]. mg./ml. 


Figure 2-Calibration of kinetic assay against USP method using 
solutions of nitroglycerin prepared from tablets (0) andpowders (A). 


present, since a solution of lactose in the absence of 
nitroglycerin produced a similar blank reading. This 
small blank reading was constant during the time of the 
kinetic assay and did not appear to be sensitive to 
changes in lactose concentrations. Sodium nitrate and 
nitrite did not give observable absorbances under similar 
experimental conditions. 


BOOKS 


The kinetic assay described here appears to be 
specially suitable for content determination of nitro- 
glycerin in single tablets. The tablet can be placed 
directly in a 1-cm. UV cell and immediately assayed, 
with minimal requirements of manipulative steps, 
reagents, and instrumentation. Its simplicity, accuracy, 
and ready adaptability to automation strongly recom- 
mend the kinetic assay for use in the quality control 
and formulation research of nitroglycerin dosage forms. 
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REVIEWS 


Neurophannacdoey and Behavior. By V. G. LONGO. W. H. Freeman, 
660 Market St., Sen Francisco, CA 94104, 1972. 184 pp. 15 
x 23.5 cm. Price $6.95. 
This relatively brief book does not attempt to cover all aspects of 


psychotropic drugs. The author, by drawing on his own research in 
this field, has written a very readable and interesting book covering 
the discovery, development, and use of psychotropic drugs. It is 
divided into four chapters-Antipsychotic Drugs, Antidepressant 
Drugs, Tranquilizing Drugs, and Hallucinogenic Drugs. For the 
reader interested in a historical perspective or a good overview, this 
book is recommended. 


Stag Reoiew W 


International Drug Monitoring: The Role of National Centres. 
World Health Organization Report Series. World Health Organi- 
zation, Geneva, Switzerland. (Available from American Public 
Health Association, 1015 18th St., N.W., Washington, DC 200361, 
1972.47 pp. 16 X 24cm. Price $1.00. 
The development of systems for detecting adverse drug reactions 


has recently received increased attention. This report offers guide- 


lines on the methodology and organization of national detection cen- 
ters and the role of such national centers in an international report- 
ing system. Since resources vary from country to country, a flexible 
approach is stressed. Recommendations concerning the principal 
activities of national drug monitoring centers are given as well as 
suggestions relative to the means for carrying out these activities. 


Stoff Review 


Automation and Management in the Clinical Laboratory. Edited 
by GEORGE E. WESTLAKE and JAM= L. BENNINGTCM. University 
Park Press, Chamber of Commerce Building, Baltimore, MD 
21202,1972.274 pp. 13.5 X 20.5 cm. Price S12.50. 
Hospitals have been the subject recently of allegations of ineffi- 


ciency and wastefulness. This book represents the updated and re- 
vised proceedings of a conference, held in May 1971, on effective 
management of clinical laboratories. This meeting attempted to 
apply industrial engineering techniques to the medical laboratory. 
Individuals from laboratory management and systems design discuss 
how the principles of industrial management, accounting, and 
engineering may be used to develop greater economy, reliability, 
accuracy, and speed of delivery in the clinical laboratory. Com- 
ppterized laboratory systems are examined in terms of objectives, 


Vol. 62, No. 4, April 1973 0 697 








Structural Requirements for Centrally Acting Drugs I 


E. J. LIEN', G. L. TONG*, J. T. CHOU, and L. L. LIEN 


Abstract 0 Various CNS activities, such as antielectroshock, anti- 
pentylenetetrazol-induced seizures, muscle relaxant, and acute lethal 
toxicity, of different types of compounds were correlated with three 
physicochemical parameters, namely lipophilicity (log P), dipole 
moment, and steric considerations (EJ. The relatively narrow range 
of log Po (2.0 f 0.7) for compounds possessing a polar group, e.g., 
arnido. thioamido, keto, or alcoholic function,strongly suggests that 
the rate-limiting step for these different CNS-acting drugs is prob- 
ably the same, namely the penetration of the tightly packed neuro- 
glial cells (the socalled blood-brain barrier). Negative dependence 
of the anticonvulsant or CNS depressant activity on the dipole mo- 
ment and positive dependence of the stirnulatory CNS toxicity on 
the same parameter were found to be statistically significant. En- 
tirely different sites and mechanisms of action appear to be evident 
from the very low estimated log Po values of lactones and 2-sulfa- 
moylbenzoates for their CNS depressant activities. The CNS ac- 
tivity of five lactones was studied in mice. While y-butyrolactone 
caused dosage-dependent sedation and sleep at 100-1OOO mg./kg., 
no loss of the righting reflex was observed for a-methyl-y-butyrolao 
tone (lo00 mg./kg.), 7-valerolactone (2OOO mg./kg.), d-valerolactone 
(750 mg./kg.), and 7-heptalactone (lo00 mg./kg.). After intraperito- 
neal injection of y-valerolactone and 7-heptalactone, paralysis of the 
hind legs was observed, indicating local anesthetic activity on the 
peripheral nervous system. 


Keyphrases 0 CNS activity-investigation of structural require- 
ments 0 Structure-activity relationships-structural requirements 
for CNS activity 0 y-Butyrolactone-CNS depressant activity, ef- 
fect of lipophilicity 0 Lipophilicity-relationship to CNS activity 


Due to the highly intricate circuitry of the CNS and 
the very complex interplay of various neurotransmit- 
ters, the exact mechanisms of actions of many centrally 
acting drugs are poorly understood. Since the CNS de- 
pressant activity and the degree of depression vary ac- 
cording to the part of the nervous system affected, the 
overall action may be a summation of several effects. 
Furthermore, most CNS stimulants or depressants have 
an action that spreads to other parts of the nervous sys- 


tem, even though the initial action affects only a cer- 
tain site. 


To develop safer and more specific agents for various 
therapeutic applications, it would be desirable to have 
some quantitative and qualitative guidelines to assist 
medicinal chemists in drug design. For example, Hansch 
el al. (1) reported that the ideal log Po (octanol-water) 
for the penetration of the brain by benzeneboronic acids 
and the EDbo of barbiturates is 2.32.4. 


The sedative-hypnotic effects of y-butyrolactone and 
its corresponding open-chain compound, y-hydroxy- 
butyrate, have been demonstrated in various laboratory 
animals (2-4). Relatively high dosage levels (10@1OOO 
mg./kg.) of y-butyrolactone are required to cause dos- 
age-dependent sedation and sleep (4). Although many 
elegant pharmacological studies have been reported on 
y-butyrolactone, few systematic studies have been 
reported on the structure-activity relationship of its 
congeners or bioisosteres (5 ) .  It has been shown that in 
many cases the CNS activity of congeneric members 
increases as the lipophilic character increases until the 
apex is reached, and then further increase in lipophilic 
character causes a decrease in activity (6-10). This has 
been attributed to the ease of random walk of organic 
molecules. Since ybutyrolactone has a very low octa- 
nol-water partition coefficient (log P < 0.8), it is con- 
ceivable that its relatively low potency is due to its poor 
lipoid solubility and limited ability to penetrate through 
the blood-brain barrier. 


The purposes of this paper are to report a number of 
quantitative structure-activity correlatiods using various 
physicochemical parameters, to examine the structural 
requirements for various types of CNS activity, and to 
investigate whether the CNS depressant activity of y- 
butyrolactone could be enhanced by increasing its 
lipophilicity. 


Table I-Biological Data and Physicochemical Constants Used in the Regression Analysis 
~~ ~ ~~ ~ 


Antielectroshock, Muscle Relaxant, Acute Lethal Toxicity, 


0 b S . O  calc.' 0 b S . O  C4dC.C Oh." C4dC.d log p cs Compound 
d o g  I/C, rnoles/kg.- -log l/C- -log 1/c- 


2.33 
3.02 
3.24 


2.95 


3.00 


2.92 


2.92 


3.90 - 


2.46 
3.05 
3.05 


3.17 


2.71 


3.18 


2.87 


3.78 
- 


2.04 
2.74 
2.74 


2.76 


2.48 


2.31 
- 


3.38 
2.96 


2.14 
2.68 
2.81 


2.94 


2.25 


2.52 
- 


3.30 
2.79 


1.75 
2.20 
2.47 


2.38 


2.48 


2.31 
- 


3.03 
2.48 


1.88 
2.40 
2.38 


2.49 


2.13 


2.48 
- 


2.93 
2.41 


0.81' 
3.62 
1.71 


2.62 


4.14 


4.31 


4.63 


1.42h 
1.41 


3.08 C yclo hexanone 
3.31 2-(2-Tolyl)cyclohexanone 


(3.31)o 
clohexanone 


3.64 2-(a-Hydrox -pchloro- 
benzy1)cycLhexanone 


3.31 2-(pChlorobenzyl)- 
cyclohexanone 


1.67 a-C y clohex y I-pchloro- 
benzyl alcohol 


1.67 a-Cyclohexyl-pbromo- 
benzyl alcohol 


0 .  87h Sodium phenobarbital 


2-(pAminophenyl)cy- 


(2.68)o Mephenesin 
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Table I-(Continued) 


Antielectroshock, 
log 1/C, moles/kg. 


obs. calc.j l o g P  P Compound 


2.16' 
2.59 
3.72 


4.40 
3.05 
3.28 


3.00 
3.54 


3.74 


2.77' 
2.330 
3.02 


3.24 


2.95 


3.00 


2.92 


2.92 


3 . w  


1.90 -0.37' 
2.52 0.13 
3.60 1.53 


3.84 2.47 
3.05 0.70 
3.32 0.98 


3.23 0 . 6 9  
3.62 1.48 


3.87 2.25 


2.90 0.48' 
2.65 0.811 
3.03 3.62 


3.10 1.71 


3.15 2.62 


2.73 4.14 


3.22 4.31 


2.95 4.63 


3.86 1.42h 


1.74' 
1.69 
1.74 


1.74 
1.74 
1.61 


1.13 
1.61 


1.61 


1 .61' 
3.08' 
3.31 


(3.31)' 


3.64 


3.31 


1.67 


1.67 


0.87b 


Trimethadione 
Paramethadione 
5-Eth 1-5-phenyl- 


hydlantoin 
Diphenylhydantoin 
SPhenylhydantoin 
>Methyl-3-phenyl- 


succinimide 
Barbital 


succinimide 
3,3-Diphenyl- 


succinimde 
3-Phenylsuccinimide 
Cyclohexanone 


anone 
2-(pAminophenyl)- 


cyclohexanone 
2-(a-Hydrox -pchloro- 


benzyl)cycrohexanone 
2-(pChlorobenzyl)- 


cyclohexanone 
Cr-Cyclo hexyl-pchloro- 


benzyl alcohol 
a-Cyclohexyl- bromo- 


benzyl alcoi% 
Sodium phenobarbital 


3-Ethy!-3-phenyl- 


2-(2-T01yl)cyclohe~- 


-Antielectroshock- 
-In Mice- -In Rats- 


1 1/c, log 1/c, 
-mges/kg.- -moles/kg.- log E," 


0 b s . k  Calc.' 0 b s . h  Calc."' P (Ri) Compound 


2.76 2.57 2.86 2.87 


2.91 2.78 3.13 3.12 


2.72 2.87 3.14 3.09 


2.94 2.72 3.01 3.00 


2.90 2.72 3.19 3.03 


2.59 3.10 2.81 3.03 


3.04 3.10 3.36 3.34 
4.44 4.15 3.95 3.76 
2.75 2.95 2.99 3.03 
3.82 3.84 3.84 3.95 


3.92 3.99 3.83 3.89 


0.58 0.00 


1.08 -0.07 


1.58 -0.36 


1.38 -0.47 


1.28 -0.36 


2.08 -0.39 


0.34 1.24 
2.471 1.24 
0.03 1.24 
1.84 1.24 


2.15 1.24 


1-Methyl-5-a-thienyl- 
hydantoin 


1-Ethyl-5-a-thienyl- 
hydantoin 


1-n-Propyl-5-arthi- 
enylhydantoin 


1 -1sopropyl-5-a-thi- 
enylhydantoin 


1- AUyl-Ea-thienyl- 
hydantoin 


1-n-Butyl-5-a-thienyl- 
hydantoin 


5-Phen ylhydantoin 
Diphenylhydantoin 
5-a-Thienylhydantoin 
$5-Di-a- thienylhy- 


S-Phenyl-+-thienyl- 
dantoin 


hydantoin 


Anti ntylenetetrazol- 
I n E e c i  sazures, 


&.a CalCP logP Pa Compound 


1.07 0.80 1.98 0.87 Mephobarbital 
0.97 0.91 2.09 1 .74 Mephenytoin 
0.01 0.21 1.40 1.61 Phensuximide 
0.38 0.35 1.54 1.61 Methswimide 


-1.17 -1.21 0.01 1.47 Ethosuximide 


4 l/C, Wla/kg.- 


Antipentylenetetrtwl- 
Induced Seizures, 


-log 1/C, moles/kg.-- 
obs.0 Ca1C.P calc.r log P P Compound 


0.93 0.59 0.89 1.42h.i 0.87b Phenobarbital 
0.99 0.71 0.99 1.98 0.87h Mephobarbital 
0.69 0.52 0.68 1.21 1 .13 Metharbital 
0.76 0.72 0.84 2.78 1.13 Phetharbital 
0.47 0.72 - 2.10 - Primidone 
0.61 0.72 0.48 2.09 1.74 Mephenytoin - Albutoin 


- Phenacemide 
0.73 0.74 - 2.51 
0.15 0.24 - 0.57 


-0.65 -0.39 -0.45 -0.37 1.74 Trimethadione 
-0.76 -0.88 -0.87 -0.93 1.74 Dimethadione 


0.36 0.58 0.45 1.40 1.61 Phensuximide 
0.49 0.62 0.49 1.54 1.61 Methspi@de 
0.02 -0.10 -0.05 0.01 1.47 Ethosuxlmde 


Acute Lethal Toxicity. 
-log 1/C, moles/kg.- 
0 b s . o  talc.. Calc.' 


0.61 0.28 0.54 
0.58 0.36 0.56 
0.43 0.22 0.40 
0.14 0.25 0.24 
0.35 0.36 0.23 
0.10 0.32 - 


-0.56 -0.09 - 
-0.89 -0.86 -0.78 
-1.27 -1.49 -1.39 


0.20 0.28 0.27 
0.31 0.31 0;29 


-0.45 -0.50 -0.35 
-0.95 -0.75 - 


0.43 0.33 - 
-0.71 - - 


P Compound 


1 .42"' 
1.98 
1.21 
2.78 
2.09 
2.51 
0.57 


-0.37 
-0.93 


1.40 
1.54 
0.01 


-0.26 
2.44 
2.10 


0.87h 
0.87 
1.13 
1.13 
1.74 
- 
- 


1.74 
1.74 
1.61 
1.61 
1.47 
- 
- 
- 


~~ ~ 


Phenobarbital 
Mephobarbital 
Metharbital 
Phetharbital 
Mephenytoin 
Albutoin 
Phenacemide 
Trimethadione 
Dimethadione 
Phensuximide 
Methsuximide 
Ethoswimide 
Acetazolamide 
Chlordiazepoxide 
Primidone 


Acute Lethal Toxicity, 
-log 1/C, moles/kg.- 


0 b s . M  talc.* log P Compound 


2.55 2.51 0.14 N-Dimethylaminoethyl-y- 


2.59 2.57 0.32 N-Diethylaminoethyl-&valerolactam 
2.61 2.70 0.74 N-Diethylaminoethyl-rcaprolactam 
3.10 3.11 2.06 N-(3-Diethylaminopropyl)-o- 


butyrolactam 


phenyleneurea 


piperidinem 
3.12 3.08 1.97 4-(2-Keto:l-benzimidazolinyl> 


~~ 


0 From Refrrrnce 14.6 Calculated from Eq. 3. c Calculated from Eq. 5. d Calculated from Eq. 7. ' From Reference 21. From C. Hansch, private 
communicatlon. 0 Estimated value. h For the undissociated form. i From Reference 8. i Calculated from Eq. 8. & From Reference 22. 8 Calculated 
from Eq. 9. - Calculated from Eq. 11. - From Reference 23. oFromReference24.  calculated from Eq. 12. @ Calculated from Eq. 14. 'Calculated 
from Eq. 16. Calculated from Eq. 18. Calculated from Eq. 20. * From this study. * Calculated from Eq. 23. w This compound, m.p. 185-187", was 
purchased from Aldrxh Chemical Co. 


EXPERIMENTAL' 


The mathematical model used in the regression analysis was first 
developed by Hansch et al. (1,6), and used fairly extensively by our 
group as well as many other investigators (7-1 1). The equations cor- 
relating the biological activity with the physicochemical constants 
were derived oia the method of least squares using a computer'. The 
biological data and the physicochemical constants used in the study 
are assembled in Table I. The. log P values were calculated from the 


1 The elemental analyses were performed by C. P. Geiger of Ontario, 
* IBM 360165. 


Calif. 


log P of the parent molecule and the r values of the substituent, un- 
less otherwise stated. Octanol-water was the solvent system used in 
measuring P. The dipole moment values were either taken from the 
literature or estimated from the moment of the homolog. 


Matedab-The N-diethylaminoethyl lactams were synthesized by 
treating the corresponding lactam with equivalent amounts of SO- 
dium hydride and diethylaminoethyl chloride, using dioxane as the 
solvent (12), and were then purified on a cationic ion-exchange resin 
and alumina column. 
N-DiethylaminoPthyl-hyl-S-oalerolactam-Boilng point 148' (6.5 


mm. Hg), yield 41 %. 
AnaL-Calc. for CIIHnNIO: C, 66.62; H, 11.18; N, 14.12. 


Found: C, 66.85; H, 11.05; N, 14.20. 
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Table II-Equations Correlating CNS Activity with Physiwhemical Constants 


Ani- Num- 
ma1 Test Compounds ber Equation ti r S 


Mice Antielectroshock Cyclohexanones, 
ere. 


Mice Muscle relaxant Cydohexanones, 
etc. 


Mice Acutelethal Cyclohexanones, 
toxicity etc. 


Mice Antielectroshock Miscellaneous 


Mice Antielectroshock Hydantoins 


Rats Antielectroshock Hydantoins 


Mice Antipentylene- Barbiturates, 
tetrazol-in- hydantoins, 
ducedseizures imides 


Mice Antipentylene- Barbiturates, 
tetrazol-in- hydantoins, 
duced seizures imides 


Mice Acute lethal Barbiturates, 
toxicity hydantoins, 


imides 


Mice Acutelethal Lactams, thio- 
toxicity lactams. ureas, 


thioureas 


Mice Acute lethal N-SUbStitUted 
toxicitv lactams. o- 


1 


2 
3 


4 


5 


6 


7 


8 


9 lOgl/C- 0.490logP+0.525E,(Ri) 


log I/C = 0.298 la P + 0.373 E, (Ri) 


log 1/C = -0.330 (10 P)' + 1.124 log P 


log l/C = -0.138 (log P)' + 0.736 log P 
log l /C = -0.212 p + 3.588 
log l /C = -0.267 (log P)' + 1.423 log P 


-0.368 p + 2.619 
log l/C = -0.237 (log P)' + 1.181 log P 
log l/C ,= -0.313(logP)' + 1.601 1-P 


-0 .n6  p + 1.895 
log l /C = -0.138 (log P)' + 0.729 log P 
log l /C = -0.217 (log P)' + 1.166 log P 


-0.286 p + 1.964 
log l /C = -0.222 (log P)' + 1.153 log P 


-0.368 p + 2.994 


+2.323 


+1.591 


+1.649 


+2.286 


+2.727 


+O. 540 E&I) + 2.330 


10 


11 


12 logl/C=1.023l0gP-1.224 


13 


14 


log l /C = 0.998 logP - 0.482 p 


log l/C = -0.142 (log P)' + 0.695 log P 
-0.486 


-0.111 


15 


16 


log l/C = -0.145 (log P)' + 0.716 log P 
-0.093 


log l /C = -0.123 (log P)' + 0.588 log P 
-0.597 p + 0.825 


17 log l/C = -0.207 (log P)' + 0.802 log P 
-0.523 


18 log 1/C -0.210 (log P)' + 0.856 log P 
-0.510 


19 


20 


log l /C p -0.236 (log P)' + 0.877 log P 
-0.381 


log l /C = -0.226 (log P)' + 0.800 108 P 
-0.361 u + 0.175 


21 logl/C = -0.37300gP)'+ 1.01OlogP 
+0.227 p + 1.405 


22 log l/C = -0.364 (log P)' + 1.005 log P 
+0.247 p + 1.298 


23 log l /C = 0.312l&P + 2.468 


8 


8 
8 


8 


8 


8 


8 


18 


11 


11 


11 


5 


5 


13 


10 


10 


15 


14 


10 


10 


22 


20 


5 


0.43 0.47 


0.51 0.41 
0.89 0.26 


0.68 0.36 


0.92 0.21 


0.42 0.38 


0.85 0.25 


0.92 0.24 


0.92 0.26 


0.91 .0.19 


O.% 0.14 


0.98 0.21 


- 


- 


- 


- 


- 


- 
- 


0,996 0.116 


0.93 0.22 - 


0.94 0.24 


0.99 0.12 


0.84 0.37 


0.94 0.23 


0.98 0.16 


0.99 0.11 


0.83 0.31 


0.89 0.24 


0.98 0.06 


- 


- 


- 


- 


2.66 
(* 0)" 


2.66(1.64- 
3.17) 


2.49 (=t m) 


2.56 (2.08- 
2.85) 


2.65 (+ =) 


2.69 (* =) 


2.59(2.39- 
2.84) 


- 


- 


- 


1.70(1.45- 
3.88) - 


- 
2.44(1.68- 


9.57) 


2.47 (+ m )  


2.39 (1.72- 
5.39) 


1.94 (1 .36- 
12.6) 


3.56) 


2.64) 


2.26) 


1.78) 


1.71) 


2.04(1.59- 


1.83 (1.48- 


1.77 (1.49- 


1.35 (1.11- 


1.38 (1.17- 


>2.0 


phenykkureas 


a CL = confidence limits. 


N-Diethylaminoethyl-e-capmktam-bibng point 131-134" (6 _ .  


mm. Hg), yield 34%. 
Anal.-Calc. for C1,Hl4NlO: C. 67.88: H. 11.39: N. 13.19. Found: , .  , .  


c ,  67.62; H, 11.07; N, 12.97. 
. 


N- Dierhylhminoethyly-buty~lacram-~iling point 120-124" 
(6.5 mm. Hg), yield 38 %. 


A n a l . 4 c .  for CloHtoNIO: C, 65.17; H, 10.93; N. 15.19. Found: 
C, 64.%; H, 10.78; N, 15.00. 


Similar procedures were used to prepare the substituted o-phenyl- 
eneurea using N-dimethylformamide as the solvent. 
N-(3- Dimerhylaminopropyl))-o-phenyleneurea-Melting point 69- 


72", yield 4%. 
Anal.--Calc. for CIzHnNIO: C, 65.71; H, 7.82; N, 19.15. Found: 


C. 65.22; H.7.67; N, 19.10. 
The structures of these lactam and urea derivatives were confirmed 


by IR and NMR. 
y-Butyrolactone (n*," = 1.4354), a-methyl-y-butyolactone (ng 


= I .4318), y-valerolactone (ng = 1.4324). and 6-valerolactone 
( n v  = 1.4564) were purchased' and used without further purifica- 
tion. y-Heptalactone was obtained from a commercial source' and 
used directly. 


J Aldrich Chemical Co. 
K & K Laboratories. 


CNS Activity and General SIgns-Groups of six mice, three males 
and three females weighing 17-27 g., were injected intraperitoneally 
with the aqwous solution of the compound (0.3-1.2 ml.), Signs of 
CNS activity or other changes were observed continuously for 2 
hr. and then at  regular intervals for 2 days. 
Preliminary Test for LDw--The previously reported method (1 3) 


was used to determine the LDm of the N-substituted lactams and the 
o-phenyleneurea derivative. 


RESULTS AND DISCUSSION 


The equations correlating the biological activity with the physico- 
chemical parameters are summarizd in Table 11. The optimum lipo- 
philic character (log Po) for maximum CNS activity was obtained 
by setting (log l/c)llog P = 0. The log Po values with well-defined 
95% confidence intervals are assembled in Table I V  according to 
the descending order of log Po. 


Equations 1-7 were derived from three different tests of series of 
cyclohexanones and cyclohexyl benzyl alcohols reported by Brodie 
et al. (14). Equation 8 was obtained from these compounds plus 
imides, barbiturates, hydantoins. etc. One should note the negative 
dependence of the activity on the dipole moment (p )  in Eqs. 3, 5,  7, 
and 8 and the very narrow log Pa values for maximum activity (2.56- 
2.66, Eqs. 3 and 5 of Table 11, with well-defined 95% confidence 
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Table III-Preliminary Screening of Neuropharmacological 
Activities of Lactones in Mice 


Observation 
Dosage, 


Compound mg./kg. i.p 


y-Butyrolactone 750 


a-Methyl-y-butyro- lo00 
lactone 


y -Valerolactone lo00 


6-Valerolactone 


y -Heptalactone 


750 


100 


300 


lo00 


y-Thiobutyrolactone 100 


6/6. loss of righting reflex, ataxia 
in 2 min., eyes bulged, 1/6 
died, average sleeping time 
1.5 hr. 


3/6 normal. 3/6 mild sedation in 
5 min. 


4/6 with both hind legs stretched 
out, 6/6 mild sedation in 5 


2/2 moderate sedation, irregular 
respiration, hind legs para- 


6/6 mild sedation, 3/6 with bulg- 


4/6 with sluggish hind-leg mow- 
ment 


2/6 with sluggish hind-leg move- 
ment 


3/6 with one hind leg yalyzed,  
2/6 with both hind egs para- 
lyzed, no apparent CNS BC- 
tivity 


5/6 clonic and tonic convulsionsb 


nun. 


lyzed 


ing eyes 


Ratio of number of animals responding to number of animals tested. 
b From Reference 13. 


intervals). Equations 9-1 1 correlate the antielectroshock activity of 
11 substituted hydantoins with log P and the Taft’s steric constant 
E, of the substituent at the N, position. The positive dependence on 
E. indicates that a bulky substituent at the NI position will retard the 
anticonvulsant activity. This is in agreement with the well-known 
fact that alkylation of both nitrogens of a barbiturate tends to  
confer convulsant activity. The (log P)* term was not justifiable in 
E q .  9, where mice were the test animals. In rats (Eq. 11) the log Po 
value is very close to the previously reported value of 1.75 (8). 


For anticonvulsant activity against pentylenetetrazoP-indud 
seizures, Eqs. 12-16 were obtained. Again there is negative depend- 
ence of activity on the dipole moment (Eqs. 13 and 16). The p term 
in Eq. 13 is not significant at the 90 percentile level, since only five 
data points are available. The 1.1 term in Eq. 16 is significant a t  the 
97.5 percentile level, as indicated by an F test (&,a = 13.8, FI.~~,,,~ 
= 8.8). Equations 17 and 18 were derived from the LDW of series of 
barbiturates, hydantoins, amides, imides. erc. Since the log Po of 
2.04 is only slightly below the log Po of 2.4-2.6 for antielectroshock 
or hypnotic activity, one should not expect complete separation of 
the acute lethal toxicity from the therapeutic effect by merely 
changing the lipophilic character of these drugs. 


Equations 19 and 20 correlate the acute lethal toxicity of 10 CNS 
depressants among barbiturates, hydantoins, and imides. Equation 
21 was obtained from the acute lethal toxicity data of 22 CNS stimu- 
lants belonging to different chemical groups and reported in two 
separate papers previously (9,lO). The dependence of the dipole mo- 
ment (p) is positive in contrast with that of CNS depressants 
or anticonvulsants. The correlation coefficient ( r )  increased 
from 0.83 to 0.89 when two poorly predicted compounds 
were deleted (Eq. 22). The 1.1 term is significant a t  the 95 percentile 
level in Eq. 21, and it is significant a t  the 99.5 percentile level in Eq. 
22. The log Po for the acute lethal toxicity of these convulsants is 
about 1.4. 


Equation 23 was derived from the LDw of N-substituted lactams 
and o-phenykneureas, studied for the first time in these laboratories. 
Since the highest log P value of these five compounds was 2.06, a 
linear rather than a jmabolic equation of log P was obtained. 


Results of the preliminary screening for the CNS activity and 
other neuropharmacological activities of lactones are shown in Table 
111. From Table 111, it is evident that the CNS depressant activity of 
ybutyrolactone is decreased rather than increased when a methyl 


8 Menazole . 


group is attached to the a- or r-position. No loss of righting reflex 
was observed for these lactoaes at  the IOO@mg./kg. level. The six- 
membered 6-valerolactone also showed lower CNS depressant ac- 
tivity as compared with y-butyrolactone. For the most lipophilic, 
y-heptalactone, no CNS activity was apparent even at the 1ooO- 
mg./kg. level; however, partial paralysis of the hind legs was ob- 
served even at  lWmg./kg. level, indicating local anesthetic activity 
on the peripheral nervous system. A similar phenomenon was ob- 
served for y-valerolactone (lo00 mg./kg.). Bulging eyes were ob- 
served for the lactones without a side chain (7-butyrolactone and 
Cvalerolactone). Many lactoms are known to have depression ac- 
tion on earthworms, frog gastrocnemius, rabbit small intestine, 
and frog heart (1 5). 


It is known that y-hydroxybutyric acid, when administered to ani- 
mals or man, is converted to y-butyrolactone and causes 
sleep. It was also reported (3) that the induced sleep in rats is re- 
lated to the concentration of the lactone in the brain when the acid 
or the lactone is administered. Giarman and Schmidt (2) demon- 
strated that y-butyrolactone alters the levels of endogenous acetyl- 
choline in the brains of mice and rat... Concentration of acetylcholine 
in the cerebral cortex is increased by y-butyrolactone, with a time 
course parallel to the degree of depression of the animal. 


The results of this structure-adivity analysis reflect the steric 
and hydrophilic aspects of the binding site for acetylcholine and 
y-butyrolactone. An additional alkyl group at  the a- or y-position 
decreases the CNS activity even though the lipophilic character is 
increased. Since an alkyl group on the lactone ring decreases the ac- 
tivity and the most lipophilic member (yheptalactone) does not 
give any apparent CNS activity at 1000 mg./kg., the binding site of 
acetylcholine conceivably may be surrounded by a hydrophilic rather 
than a lipophilic region. It is well established that the active site of 
acetylcholinesterase is composed of imidazole nitrogen, a serine 
hydroxy group, and an anionic site (16). A similar decrease in acute 
toxicity was reported ( 5 )  for a series of y-methyl-a-alkyl butyrolao- 
tones as the a-alkyl group is lengthened from G to CO. 


On the other hand, Roth and Suhr (17) reported that y - b u t y r o b  
tone increases brain dopamine by blocking the release of this amine 
from dopamine-containing neurons. It is also suggested that the 
CNS depressant properties of y-hydroxybutyrate may be related to 
this block in the release of brain dopamine. 


While y-butyrolactone is a CNS depressant, its sulfur analog 
y-thiobutyrolactone has been shown to be a convulsant (1 3). Ito (18) 
also reported that running fits are induced in mice by intraperitoneal 
injection of 150-200 mg./kg. of y-mercaptobutyric acid after a latent 
period of 4-8 min. It is quite possible that y-mercaptobutyric 
acid also cycliws in oim to produce the fairly potent CNS stimulant 
y-thiobutyrolactone. It is not clear a t  present why the CNS ac- 
tivity is changed from a depressant to a stimulant by replacing 
400- with --cOS-. It also remains to be clarified whether 
y-thiobutyrolactone acts a t  the same site as y-butyrolactone ciu 
the same mechanism. 


It was reported (19) that lactones are not hydrolyzed by esterases 
that attack the ordinary openchain esters. Butyrolactone, y-valero- 
lactone, erc., in alkaline medium showed no appreciable hydrolysis 
by liver esterase preparations that were reactive toward methyl 
butyrate. On the contrary, lactones inhibited the cleavage of the es- 
ter, presumably due to the formation of a stable complex with the en- 
zyme (19). These findings suggest that lactones and y-thiobutyrolac- 
tones are probably the pharmacologically active species rather than 
the hydrolyzed products. 


Table I V s u m m a r h  the ideal lipophiliccharacter (log PO) for max- 
imum CNS activity under various testing conditions. As reported 
(1.20) previously, the log Po for many centrally acting drugs centered 
around 2.0 f 0.7, with two distinct exceptions at  the end of Table 
IV. y-Butyrolactone appeared to be the most potent CNS depres- 
sant among the several lactone derivatives examined. 


y-Butyrolactone should have a log P less than 0.71. the calculated 
log P value of the openchain methyl propionate. In the case of 2-sul- 
famoylbenzoates, the most potent member has a log P of -0.13 and 
the dependence on log P is negative, therefore, a log PO of < -0.13 
is expected for this series of compounds. 


The relatively narrow range of log Po (2.0 f 0.7) for the many 
compounds containing a polar amido, thioamido, keto. or alcoholic 
woup strongly suggests that the rate-limiting step for the CNS ac- 
tion caused by these compounds is probably the same, namely the 
penetration of the tightly packed neuroglial cells by these c o n  
pounds. 
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Table IV--Optimum Lipophilic Character (log Po) for Maximum CNS Activity 


Number of log Po 
Animal Compounds Data Points CNS Activity e 9 5 z  CL) Reference 


Mice Cyclohexanones, etc. 8 Antielectroshock 2.66 14 


Mice Barbiturates, hydantoins, 18 Antielectroshock 2.59 This study, 
imides, cyclohexanones, (2.39-2.84) 8 ,  14 
etc. 


Mice Cyclohexanones, etc. 8 Muscle relaxant 2.56 14 


Mice Barbiturates, hydantoins, 10 Antipentylenetetrazole- 2.39 24 


Mice Barbiturates, hydantoins, 14 Acute l e e 1  toxicity (CNS 2.04 24 
imides depression) (1.59-3.56) 


Mice Barbiturates, hydantoins, 10 Acute lethal toxicity (CNS 1.77 24 
imides depression) (1.49-2.26) 


(1.45-3.88) 


(1.64-3.17) 


(2.08-2.85) 
Mice Barbiturates 10 Hypnotic 2.40 1 


imides induced seizures (1.72-5.39) 


Rats Hydantoins 11 Antielectroshock 1.70 22 


lactams, thiolactams strmulatron) ( 1 .17-1.7 1) 7,lO 


Antielectroshock 


Mice Ureas, t h i o u m ,  20 AcuF lethal toxicity (CNS 1.38 This study, 


Mice y-But rolactones 5 CNS depression <0.71 This study 
Mice 2-~ul&moylbenzoates 9, 12 Antistrychnine <0.13 11 


The finding of the dependence on the dipole moment also suggests 
that in the development of new anticonvulsants or sedative-hyp 
notics of comparable structures, it would be highly desirable to have 
a minimum resultant dipole moment on the polar moiety, while for a 
potent CNS stimulant or analeptic agent, high dipole moment en- 
hances the activity. 


Entirely different sites and mechanisms of action appear to be 
evident from the very low log P values of y-butyrolactone and series 
of 2-sulfamoylbenzoates. 
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Imidamlecarbohydrazides IF 
Synthesis and Biological Evaluation 


J. R. NULU* and JAY NEMATOLLAHI’ 


Abrtract 0 A series of l-methylimidazole-4,S-dicarboxylic acid 
hydrazides and a bicyclic compound imidand4,S-dJpyridazine were 
synthesized and their structures were elucidated. The compounds 
were subjected to a limited pharmacological evaluation (MA0 
inhibitory activity) and the results arc reported. 


Keyphrases 0 l-Methylimidazole-4,5-dicarboxylic acid hydrazides 
-synthesis, structure determination, scramxi for M A 0  inhibitory 
activity 0 Imidazo[4,S-dlpyridazine-synthesis, structure deter- 
mination, screened for MA0 inhibitory activity 0 Hydrazides, 
1-methylimidazole-4,Sdicarboxylic acid-synthesis, structure deter- 
mination, screened for MA0 inhibitory activity 0 MA0 in- 
hibitors, potential-synthesis and evaluation of l-methylhidazok- 
4,S-dicarboxylic acid hydrazides and imidazo[4,S-dJpyridazine 


The synthesis and certain biological properties of 
some imidazole+or 5>mOnO- and 4,5-dicarboxylic 
acid esters, hydrazides, and hydrazones were reported 
previously (1, 2). The present paper reports the in- 
vestigation of l-methylimidazole-4,5dicarboxylic acid 
derivatives and their bicyclic analogs. 


The starting ester, dimethyl l-methylimidazole-4,5- 
dicarboxylate (I), was synthesized by methods pre- 
viously reported (1 , 2). The reaction of I with hydrazine 
(IIu) or methylhydrazine (IIb), depending on the re- 
action conditions, gave the dihydrazide (IIIu) (1) or 1- 
methylimidazole-4,5-dicarboxylic acid bis(2-methyl- 
hydrazide) (IIIb), respectively, or their bicyclic analogs 
IVu (3) and I ,5dimethyl-7-hydroxyimidaz~4,5-dJpy- 
ridazin-4-one (IVb), respectively. With phenylhydrazine 
(IIc), only IIIc was obtained. 


As depicted in Scheme I, some analogs of 111 were 
synthesized by sodium borohydride reduction of their 


(21) T. Aczel and H. E. Lumpkin. ibid., 33,386(1%1). 
(22) C. S. Barnes and J. L. Occolowitz, Awl. J. Chem., 16,219 


(23) Anon., Cancer C k t h e r .  Rep., B, 1(1%2). 
(1963). 
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respective hydrazones (4). In this study, the ethylidene 
derivative (VI) was found to be resistant to such re- 
duction. 


The reaction product of I and IIb could possibly be 
IVb, IVc, or a mixture of the two. A relatively sharp 
melting point of the product, together with a single 
spot observed on a thin-layer chromatogram and the 
presence of only a single NMR peak for the CHS pro- 
tons on the pyridazine, gave convincing evidence that 
the compound was not a mixture of the two isomers. The 
elucidation of the molecular structure of the compound 
was attempted by the following experimental procedure. 
Mixing stoichiometric quantities of an aqueous solu- 
tion of silver nitrate and IVu gave a precipitate analo- 
gous to those reported ( 5 )  for purines on whose B-posi- 
tion exists an OH or NH1 with the 7 as pyridinic N, or 
on the &position a -0 with the 7 as pyrrolic NH. 
Separation of the precipitate by centrifugation, its dis- 
solution in perchloric acid, and UV spectrophoto- 
metric analysis of both the dissolved precipitate and the 
supernate revealed a 1 :1 silver-IVu chelate. Similar 
experiments on the bicyclic reaction product of I and 
116 did not produce any precipitate. Because the purine 
analog of IVc forms a water-insoluble silver chelate (9, 
the reaction product was assumed to be IVb. 


The formation of IVb may possibly involve an inter- 
mediate half-ester half-hydrazide, l-methylimidazole- 
4-carbomethoxy-5-(2-methylhydrazide), although it has 
not been isolated or identified. The phenyl analog of 
this compound, imidazole4carbomethoxy-5-(2-phenyl- 
hydrazide), however, has been shown (1) not to give an 
analogous bicyclic system. The possibility of IIIb being 
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Crystallization -Analysis, %- 
Compound Solvents Yield, Melting Point Cak. Found 


IIIb 


I l k  


IVb 


V 


VI 


VII 


VIII 


IX 


Ethyl ecetate-methanol 


Ethanol 


MethanoCwater 


Chloroform-methanol 


Benaenomthanol 


Beaaeaomthanol 


why1 ecetate-methanol 


Benaene-methanol 


63 


58 


62 


77 


88 


85 


75 


80 


126-128" 


196-198" 


300' 


226-228" 


140442" 


227-229" 


86-88' 


58-59" 


C 42.48 
H 6.19 
N 37.17 
C 61.70 
H 5.18 
N 23.99 c 46.66 
H 4.48 
N 31.10 
C 64.16 
H 4.85 
N 22.45 c 47.99 
H 5.64  
N 33.58 
C 51.78 ~~ 


H 6.52 
N 30.20 
C 63.47 
H 5.86 
N 22.21 
c 51.07 
H 7.80 
N 29.80 


42.09 
6.12 


37.42 
61.33 
5.48 


24.27 
46.42 
5.04 


30.79 
64.25 
5.07 
22.34 
48.13 


5.94 
33.48 
52.04 
6.63 
30.00 
63.32 
5.41 


22.01 
50.91 
7.64 
29.40 


the intermediate was excluded by recovering the com- 
pound intact after heating its butanolic solution for 
24 hr. 


EXPERIMENTAL1 


l - M e t h y l i m l ~ d X y I i C  Add B M ~ y l b y ~ d e )  
(mb) md 1,!bDi111cthyl-7-byh~~roxyiaddPzo[q5-dlpyrid 
(IVb)-To 2.0 g. (0.01 mole) of I was added 1.4 g. (0.03 mole) of 
methylbydrazine. The mixture was stirred at room temperature for 
5 hr. The precipitated solid was washed with ether and then treated 
with a small amount of ethanol to give 1.5 g. (63 %) of IIIC. 


Heating of I and IIb unda reflux for 18 hr. gave 1.2 g, (62%) 
of IVb. 


Compound IIIc was prepared under reaction conditions similar 
to those of IVb. 
The preparation of the hydrazones and their respective hydrazides 


(Table I) are exemplified by the following methods described for 
V and V m .  
l-Me(byHmI~dlarboxylIf Add Bb(2-b~~Udeneby~- 


dde) (V) md l-MUbyllmldazdal,S-dyUC Add Bie(tbeazyE 
bydrsdde) -Under nitrogen, a mixture of 1.9 g. (0.01 
mole) of IIIa and 15 ml. of benzaldehyde was heated under dux 
for 3 hr. The precipitated solid was washed with ether to give 2.9 g. 
(77 %I of v. 


To a suspension of 1.85 g. (0.005 mole) of V in 50 ml. of water was 
added 0.8 8. (0.02 mole) of sodium borohydride. The mixture was 
heated under reflux on the steam bath for 1 hr. The solution was 
evaporated to 10 ml. and extracted twice with ether. The combined 
ether extracts was dried over sodium sulfate. After filtration, evap 
oration of solvent gave 1.4 g. (75 %) of VIII. 


Compound VI under such conditions could not be reduced. 


DISCUSSION 


The compounds listed in Table I1 were evaluated for their MA0 
inhibitory activity by three methods which were described pre- 


1 Mclti points were determined in open capillary tubes in a Thomas- 
Hoover m?thg-point ap aratua and are not corrected. All evaporations 
were made fn MCUO w& rotatory evaporators. The IR s tra were 
determined (KBr) with a Beckman IR-8 instrument. and N E  spectra 
were determined with a Varian A-60 spectrophotometer at ambient 
temperature (tetramethylrilane as a reference and deuterated dimethyl 
rulfoxide a8 a solvent). Elemental analym were done by Schwarzkopf 
Microanalytical Laboratory. Woodride, N. Y. Crystallization solvents. 


poht8, and elemental analysi~ (C, H. N) values are listed in 
?:M2. 


viously (1. 2). The results, listed in Table XI. indicate that l-methyl- 
imidazole4,Sdicarbohydrazides possess about the same level of 
activity as their previously reported analogs. A similar level of 
activity was also detected for the bicyclic analog, 1Vb. 


A broad biological evaluation of the compounds for such func- 
tions as cardiovascular effect and antitubercular activity may be 
justified by considering the therapeutic use of hydralazhe and 
isoniazid. Compound IVb may be conceived of as an analog of 
purine, a system of interest in tumor research. 


I 


ma: R = H  


IIIc: R-C& 
IIIb: R-CHa 


0 
I 


IIIa + R-C-R -t 


aldehyde or 
ketone 


IVa: R-H, 
IVb:  R-CH, 


CHa I 


OH 
Nc 


Scheme I 
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Table II-MA0 Inhibitory Activity Evaluation of Hydrszides 
(Structures A and B) 


p4 


A 
6 
B 


Oral Activity H~xobarbital- 
Dose, Priorto Meap Body Temperature (f SE) I n d d  Sleep 
mok/ Resapine Row -kResapine(2 /kg.) . ing Time, 2%. 24 hr. min.. 


corn R 
pound (Structure A) kg. (2mg./kg.) Score Ohr. 4 hr. 


Control* 
IIIU 
IIIb 
IVb 
IIIC 
V 
vi 


VLI 
VIII 
ix 


Isocarbox- 
azid 


"H, 
NHNHCH. 
Structure B- 
NHNHCSJs 
N H N S H C S J s  
NHN=CHC& 
N H N d H C H a  
NHNHCHESJs 
NHNHCH(CH& 


Normal 
0.275 Increasd 
0.275 I d  
0.275 Inmased 
0.275 Increased 
0.275 Increased 
0.275 I d  
0.275 Increased 
0.275 Incnased 
0.275 Increesed 
0.1375 Increased 


3.75 
2.50 
2.90 
2.66 
2.00 
2.00 
2.50 
2.60 
2.33 
1.83 
0.50 


35.8 f 0.2" 29.9 * 0.4" 
35.7 I O . 3 "  32.7 f 0.3:  
3 6 . 1 f 0 . 2 "  31 .5*0 .1  
35.9 f 0.1" 
36.5 f 0.3" 


32.2 f 0.5" 
32.5 f 0.2" 


3 6 . 3 f 0 . 3 "  3 2 . 6 f 0 . 4 "  
35.7 f 0.1 " 32.6 * 0.3 " 
35.2 f 0.4" 32.0 f 0.5" 
35.9* 0.1" 3 1 . 8 1  0.3" 
3 5 . 6 f  0.2" 32.6& 0.2" 
3 5 . 6 f  0.5" 34.2 f 0.1" 


2 6 . 3 f 0 . 2 "  2 6 . 6 f 0 . 5 "  
31.9 f 0.4" 30.6 f 0.5" 
3 1 . 0 f  0.4" 3 3 . 6 f 0 . 6 "  
30.9 f 0 . 3 "  28.9 f 0.4" 
2 9 . 4 f 0 . 5 "  32.1 f 0 . 3 "  
29.7 f 0.6" 30.2 f 0.5" 
3 1 . 6 f  0.3' 3 2 . 7 f 0 . 7 "  
2 9 . 6 f 0 . 5 "  30.6*0.3" 
2 9 . 2 f 0 . 6 '  3 1 . 4 f 0 . 5 "  
30.8 f 0.4" 32.4 * 0.3" 
36.7 f 0.4" 35.2 f 0.4" 


8.3 f 0.3 
15.2 f 0.2 
12.7 f 0.3 
13.4 f 0.4 
19.7 f 0.1 


14.9 f 0.2 
12.9 f 0 . 1  
17.6*0.3 
22.0 f 0.2 
11.0* 0.1 


20.3 *0 .3  


Hexobarbital was given in? $ton+y (5.5 mg. kg.) 2 hr. after intubation of the test compound. b Control implies reserpine in ptodr and 
hypotherrma test and hexobarbizm rleepq tune prkngalon tact. 


(1) J. Nematollahi and J. R. Nulu, J. Med. Chem.. 12,43(1969), 


(2) J. R. Nulu and J. Nematollahi, ibid., 12,804(1969). 
(3) R. G. J0nu.J. Amer. G e m .  Soc., 78,159(1956). 
(4) J. R. Nulu and J. Nematollahi, Tetruhedm Lett., 1969, 


(5 )  R. M. Izatt, J. J. Christensen, and J. H. Tytting. Chem. Re&, 
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Synthesis and Anticancer Activity of 
5- (Propargylox y me th y 1) -2-oxazolidinones 


R. B. FUGITT and L. C. MARTINELLI' 


AbstradnTo determine the feasibility of producing a tkuc- 
specific anticancer agent, a series of Z-oxazolidinones bearing an 
alkynoxymethyl side chain in the %position was prepared. These 
compounds were submitted to the National Cancer Institute for 
testing against L1210 and/or P-388 tumor test systems. None of 
the compounds showed significant anticancer activity. The syn- 
thetic procedures and NMR spectral properties of the title corn- 


Interest in carbamates bearing an acctylenic function 
developed from an interest in tissue- or organ-specific 
anticancer agents, particularly those specific for the 
CNS. The investigation of the title compounds stems, 
in part, from the work of Dillard ef ul. (1) who 


pounds are described. 


K e y p b . r a  0 Y P r o p ~ ~ l o x y m e t h y l ) - 2 - o x ~ ~ ~ n o ~ ~ ~ t h e s ~ ,  
mecncd for anticancer activity 0 2-0xazo1idin0nes. Ypropar- 
gyloxymethylt-synthesis, scrccned for anticancer activity 0 Anti- 
cancer agents, potential-synthesis and screening of Ypropar- 
gyloxymethyl)-2-ox~lidinones 


first demonstrated the oncolytic action of propargyl 
carbamates against plasma cell tumor X-5563 and the 
atypical myelogenous leukemia C- 1498. Among the 
structure-activity relationships they observed was the 
necessity of the ethynyl moiety for significant oncolytic 
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R E S E A R C H  A R T I C L E S  


Toxicity of Methyl- and Halogen-Substituted Alcohols in 
Tissue Culture Relative to Structure-Activity Models and 
Acute Toxicity in Mice 


E. 0. DILLINGHAM, R. W. MAST, G. E. BASS*, and J. AUTIAN’ 


Abstract 0 The relationship of in uifro and in viuo toxicity of a 
series of methyl- and halogen-substituted alcohols was examined 
with respect to their octanol-water partition coefficients (P), charge 
(Q), and steric (E.) parameters. A high correlation ( r  = 0.98) was 
found between tissue culture toxicity (IDSO, the concentration re- 
quired to produce 50% inhibition of growth) and hemolytic ac- 
tivity (Hw, the concentration required to produce 50 % hemolysis in 
saline, 37”). The product of intrinsic toxicity (Ti,  the slope of the 
dose-response curve in tissue culture) and 1/P for aliphatic alcohols 
was found to have a uniform relationship to acute in uiuo toxicity 
(LDso, the single intraperitoneal dose required to kill 50z of the 
mice in 7 days). The Ti/P to LDw, ratio showed a fourfold variation 
as compared to a 164-fold variation for the Ti/LD= ratio. This re- 
lationship supported the conclusions that Ti from tissue culture was 
a valid, time-independent estimate of the toxicant-receptor in- 
teraction and that 1/P was directly related to the eRective aqueous 
concentration of the toxicants in uioo. The TJP to LDoo ratio was 
higher for the halogenated than for the aliphatic alcohols, which 
suggested a difference in mechanism of the toxicant-receptor inter- 
action. Hansch analysis showed both Q and E, parameters to be 
important to the differential intrinsic toxicities of the two groups. 
Both Free-Wilson and Hansch-Fujita analyses supported the con- 
clusion that the tissue culture system conforms closely to the Hi- 
guchi-Davis equilibrium model. The usefulness of the tissue culture 
assay in conjunction with P for the analysis and prediction of in 
uivo toxicity was demonstrated. 


Keyphrases 0 Alcohols, methyl and halogen substituted-in 
uirro-in viuo toxicity, octanol-water partition coeficients, tissue 
culture toxicity concentration-hemolytic activity correlated, toxi- 
cant-receptor interaction estimates, structure-activity relationships 
discussed using models 0 Tissue culture assay-predictive value 
in uiuo, tissue culture toxicity concentration-hemolytic activity cor- 
related, toxicant-receptor interaction estimates, structureactivity 
relationships of methyl- and halogen-substituted alcohols 0 Struc- 
ture-activity relationships, methyl- and halogen-substituted al- 
cohols-discussed in terms of models, tissue culture assay, toxi- 
cant-receptor interaction estimates 0 Partition coefficients, methyl- 
and halogen-substituted alcohols-octanol-water system, corre- 
lated with biological response, tissue culture assay studies 0 Li- 
pophilicity, alcohols, methyl and halogen substituted-relationship 
to in uiilo aqueous toxicant concentration, tissue culture assay 


Models of structure-toxicity relationships directed 
toward the rationalization of in uiua toxicity or other 
pharmacological responses are necessarily simplistic in 
approach and are limited in applicability by the con- 
straints of simplicity and by the availability of data con- 
sistent with those constraints. A significant limitation 
of current models based on correlation of physical 
parameters of toxicant molecules with gross biological 
response in ciuo is the simultaneous dependency of 
response on secondary time-dependent mechanisms 


(e.g., transport, excretion, and biotransformation) and 
the primary time-independent toxicant-receptor inter- 
action, both of which are affected by the physicochemi- 
cal parameters of the toxicant. Meaningful interpreta- 
tion of the correlation of any given physicochemical 
parameter with biological response depends upon in- 
dependent knowledge of the relative importance of the 
parameter to  these two basic processes. 


The linear free energy model of Hansch and Fujita 
(1) and Fujita el al. (2), the thermodynamic equilibrium 
model of Higuchi and Davis (3), and the purely mathe- 
matical model of Free and Wilson (4) confound time- 
dependent and time-independent processes, and their 
predictive value is limited by the validity of necessary 
assumptions with respect to  time-dependent processes, 
particularly in prediction of in ciuo response where 
lipophilicity of the toxicant significantly influences the 
effective aqueous Concentration through partitioning 
of the toxicant to hydrophobic compartments. An in- 
dependent estimate of the primary structure-dependent, 
time-independent toxicant--receptor interaction would, 
therefore, be useful in the analysis and prediction of 
gross biological response. The objective of the present 
investigation was to assess the relevance of tissue culture 
assay of biological activity as a means of obtaining 
time-independent estimates of intrinsic toxicity (Ti ,  the 
slope of the dose-response curve)’ and its predictive 
value with respect to gross biological response. A series 
of methyl- and halogen-substituted alcohols was ex- 
amined, and co.mparative analyses were carried out with 
the Free-Wilson and Hansch-Fujita models. 


TISSUE CULTURE ASSAY SYSTEM 


The tissue culture system conforms closely to  the constraints of 
the -equilibrium (time-independent) model of structure-activity 
proposed by Higuchi and Davis (3). Their conditions and funda- 
mental assumptions with respect to the equilibrium model are dis- 
cussed here with respect to the tissue culture system: 


1. “A biological test system can be represented by t number of 
accessible compartments, w, 1, 2, 3 .  . . r + r ,  where compartment 
w is the aqueous phase; 1, 2, 3, etc., are tissue, lipoidal, protein, 
etc., phases; and r is the receptor [specific or nonspecific].” In the 
mouse fibroblast monolayer tissue culture system, the predominant 
compartment is w, containing a quantitatively defined toxicant 
concentration. The r compartment is extremely small compared to 


1 “Intrinsic toxicity” is related to intrinsic activity as discussed by 
Ariens (5 ) .  
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w, and the lipoidal, protein, etc., compartments (components of 
the culture medium) are small and uniform relative to w. The tissue 
compartment (the fibroblast monolayer), also very small, is initially 
uniform in volume with respect to  w. A maximum fivefold change 
in the tissue compartment occurs during the test, a very small 
percentage change relative to w. 


2. “Thermodynamic equilibrium or quasiequilibrium is reached 
in all accessible phases, and the thermodynamic activity of the 
drug in the rth compartment is the same as that in the aqueous, 
first, second, etc., all with reference to a common standard state. 
If a drug is added to the aqueous compartment, it will be distributed 
to  all the other available compartments according to Nernst’s 
distribution law.” The tissue culture system maximizes the oppor- 
tunity for such conditions to prevail during the test. Higuchi and 
Davis (3) concluded that the same relationships would apply to 
systems in which the toxicant activities are governed by rates of 
transport across membrane barriers, since transport rate is directly 
influenced by equilibrium concentration on the surface of the bar- 
rier. 


3. “For a series of drugs of closely related structures, biological 
activity is proportional to the fraction of the active sites occupied. 
If the fractions occupied are made the same, then equal biological 
response will be elicited.” The linear dose-response relationships 
found in the tissue culture system and the hyperbolic relationship 
between IDao, the dose required to produce 50% inhibition of 
growth, and T, are consistent with this constraint. 


4. “Essentially all of the administered drug will be distributed 
to the various accessible body compartments, and only an insignifi- 
cant amount will actually be attached to the receptor site.” If the 
previous assumptions are valid for the tissue culture system, it is 
reasonable to assume that this condition also prevails. 


Potentially significant factors (time dependent) such as specific 
(enzymatic) or nonspecific reactions that produce tangible changes 
in activity or concentration of the toxicant are neglected in the 
equilibrium model and are uncontrolled in the tissue culture system. 
The tissue culture system does, however, conform to a high degree 
to the constraints of a time-independent, quasiequilibrium test 
system. 


These considerations apply equally well to hemolysis as a time- 
independent test system for the estimation of toxicity. The real 
time ( I  hr.) of the hemolysis assay is less than 2% of the real time 
(72 hr.) of the tissue culture assay, and a comparison of the results 
with the two assays should indicate any significant differences in 
time dependency. If equilibrium conditions prevail in the assay 
systems and secondary partitioning is negligible, time dependencies 
of the systems would be limited to those associated directly with the 
kinetics of the toxicant-receptor interaction. Therefore, if the 
experimental assay time is invariant, the quantitative response of the 
system to the toxicant should provide a time-independent estimate 
of the intrinsic activity. 


EXPERIMENTAL 


Tissue Culture Assay-A method similar to that of Rosenbluth 
et at. (6,7) was employed to evaluate the growth inhibitory response 
of mouse fibroblast L-cells, NCTC clone 929 strain L (Earle) (8), 
to the alcohol series. The medium used for maintenance of stock 
cultures was modified Basal Medium Eaglea (BME) (9) supple- 
mented with 5 newborn calf serum, 1 % L-glutamine, and 50 mcg.1 
ml. of streptomycin sulfate. Stock cultures were subcultured every 72 
hr., and cells for inoculum were harvested using 0.05% trypsin in 
phosphate-buffered saline. The cells for inoculum, propagated as 
monolayers in 900-ml. (32-02.) prescription bottles, after trypsin 
treatment, were suspended in BME containing 10% serum and 2% 
L-glutamine by repeated forceful jetting of a 2 0 4 .  aliquot of the 
BME by syringe against the monolayer. The suspended cells were 
then transferred to a 250-ml. conical flask containing 80 ml. of 
the same BME preparation and a Teflon magnetic stirring bar. A 
gentle rate of stirring was used to keep the cells in suspension, and 
cell density (cells/ml.) was estimated by hemocytometer counts. 
Cell density was adjusted to 2 X lo6 cells/ml. with the BME 
preparation. 


Toxicants were dissolved and diluted with BME, which contained 
no serum or L-glutamine, immediately prior to use. A 1-ml. aliquot 


2 Magnesium added as magnesium chloride, 177 mg./l. 


of the toxicant-BME solution was added to each growth tube 
followed by the addition of 1 ml. of cell suspension (2.0 x 1 0 6  
cells/tube). Controls (72 hr.) received the identical treatment 
except for the absence of toxicant. Toxicant concentrations were 
employed to  provide growth inhibition between 10 and 90%. 
Four to eight toxicant concentrations were used with fivefold 
replication. Zero-time and 72-hr. controls were run with 10-fold 
replication. Zero-time controls were harvested and washed by 
centrifugation, 540 X g for 15 min., using phosphate-buffered saline 
(Dulbecco solution) (lo), stored at 2-4” and assayed at  72 hr. 


Both treated and 72-hr. control cultures were incubated at a 10” 
angle in a humidified 5 %  COrair  atmosphere at  37”. The protein 
content of each tube was determined after decantation of the 
medium and washing the monolayers with phosphate-buffered 
saline three times. The colorimetric method of Oyama and Eagle 
(11) was employed for the protein determination. Percent growth 
was calculated as follows: 


where A is the mean absorbance for cultures receiving a specific 
dose of toxicant, A O  is the mean absorbance for the untreated 
72-hr. control cultures, and B is the mean absorbance of the initial 
zero-time controls. The IDS0 and T, were obtained from a least- 
squares analysis of the dose-response data (absorbance values 
from the protein determinations). The adjusted IDso (Adj IDpo) 
values were obtained by substituting 100% growth (for the Y 
intercept) into the linear equation resulting from the least-squares 
fit of the dose-response data. 
In Vivo ToxicityS-Male albino mice‘, ICR strain, were used to 


determine the LDao of each compound, i.e., the dose required to 
kill 50% of the test animals within 7 days after a single intraperi- 
toneal injection. The experimental procedure and method of calcula- 
tion were described elsewhere (12). 


Partition Coefficients-Partition coefficients (Table I) were deter- 
mined by the method of Hansch and Muir (13), employing equal 
octanol-water volumes and analyzing the concentration of the 
solute in the water phase or octanol phase, depending on the equi- 
librium concentrations in the two phases. Partitioning was carried 
out at four concentrations of the solute and analyzed with the sys- 
tem developed by Bl’uestein and Posmanter (14) for aqueous solu- 
tions of alcohols using a chromatograph9 


Charge Distribution-Charge parameters (Table I) were calcu- 
lated by the method of Del Re (15) for each compound in the series, 
employing a computer6. The computer program and various param- 
eters needed for the calculations were taken from the work of Bass 
(16). 


The charge values reported (i.e., Qo, the net charge on the 
hydroxyl oxygen) are in terms of electrons and were not converted 
to electrostatic units. 


Taft’s E, Steric Parameter-The E, values (Table I) were taken 
from the work of Taft (17) and were based on hydrolysis of aliphatic 
esters as the model reaction or the hydrolysis of ortho-substituted 
benzoic acid esters in aromatic systems. The methyl group had an 
assigned value of 0.0. 


Free-Wilson Analysis-The method of Free and Wilson (4) was 
employed to  analyze the structureactivity relationships in the 
alcohol series with three independent sets of biological response 
data: IDso, Hm, and LDm (Table 11). One derived set of data, Adj 
IDa, was also analyzed, the negative logarithm of the biological 
response being used in all analyses. The FreeWilson substituent 
model for the alcohols is given in Table 111, along with the substit- 
uent matrix and symmetry equations employed in the analyses. 


Hansch Analysis-Utilizing the approach of Hansch and Fujita 
(1) and Fujita et al. (2), the generalized equation given in Table IV 
was employed in the analysis of biological response data for the 
alcohol series. The series was analyzed in subsets as indicated in 
Table IV, and the substituent model employed is given in Table V. 
The regression analyses were carried out with a computers, em- 


3 Data on the in uiuo toxicity of the alcohols employed were obtained 
from W. H. Lawrence, Materials Science Toxicology Laboratories, 
University of Tennessee Medical Units, Memphis, Tenn. 


4 Harlan Industries, Cumberland, Ind. 
6 Beckman GC45. 
6IBM 1620”. 
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Table I-Parameters Used in Hansch Analysis of Biological Response Data 


~~ 


1. Ethanol 0.50 0.0355 -0.4582 0.0026 0.0157 1.24 0.00 
2. 1-Propanol 2.00 0.0617 -0.6411 0.0045 0.0364 1.24 -0.07 
3. 2-Propanol 1.13 0.0825 -0.461 5 0.0162 0.0162 0.00 0.00 
4. 2-Methyl-1-propanol 5.71 0.0331 -0.4586 0.0026 0.0378 1.24 -0.47 
5 .  2,2-Dimethyl-l-propanol 20.78 0.0324 -0.4558 0.0026 0.0547 1.24 -0.93 
6. 2-Butanol 4 . 0 7  0.0812 -0.461 6 0.0162 0.0248 0.00 -0.07 
7. 3-Methyl-Zbutanol 19.12 0.0802 -0.4618 0.0162 0.0381 0.00 -0.47 
8. 3,3-Dimethyl-2-butanol 30.08 0.0794 -0.4619 0.0162 0.0549 0.00 -1.54 
9. 2-Chloroethanol 1.06 0.0638 -0.4533 0.0030 0.0393 1.24 -0.24 


10. 2,2-Dichloroethanol 2.34 0.0889 -0.4488 0.0034 0.0543 1.24 -1.54 
11. 2,2,2-Trichloroethanol 22.30 0.1111 -0.4449 0.0038 0.0608 1.24 -2.06 
12. 2-Bromoethanol 1.68 0.0586 -0.4542 0.0030 0.0400 1.24 -0.27 
13. 2-Fluoroethanol 0.12 0.0522 -0.4553 0.0029 0.0688 1.24 -0.24 
14. 1,l ,l-Trifluoro-2-propanol 5.07 0.1227 -0.4555 0.0153 0.3836 0.00 -1.16 


a 1-Bromo-2-propanol showed significant spontaneous chemical degradation at the time of determination of P and was eliminated from analyses 
involving P. Biological response data were obtained on the newly prepared compound (Table 11). bP = octanol-water partition coefficient. The follow- 
ing symbols are based on the structural model (Table V): Q, charge parameters are in terms of electrons; E,, Taft’s steric parameter, see text; Q. = 
charge on hydroxyl carbon; Qo = charge on hydroxyl oxygen; Ri and RP = substituent for which the indicated parameter was calculated. c From 
Reference 27. 


Table 11-Biological Response Data for Alcohol Series 


IDSO, Adj Ti 7 Intercept, Hso*, LDno”, 
Compound M C P  IDno, M %/mole % Growth M molelkg. 


1. Ethanol 0.15540 0.00674 0.1641 -304.6 
2. I-Propanol 0.05581 0.00197 0.0525 -950.9 
3. 2-Propanol 0.09843 0.00297 0.0983 -508.3 
4. 2-Methyl- 1 -propano1 0.02025 0.00129 0.0211 -2366.9 
5. 2,2-Dimethvl-l-~ro~anol 0.01078 0.00022 0.0104 -4770.7 - .  
6. 2-Butanold 0.04300 0.00215 0.0360 -1130.0 
7. 3-Methyl-2-butanol 0.01439 0.00026 0.0072 -6857.2 
8. 3,3-Dimethyl-2-butanol 0.00329 0.00008 0.00255 - 19566.5 
9. 2-Chloroethanol 0.03193 0.001 15 0.0303 - 1649.8 


10. 2,2-Dichloroethanol 0.00345 0.00015 0.0054 -9116.5 , 


11. 2,2,2-Trichloroethanol 0.00084 0.00003 0.000716 -69789.8 
12. 2-Bromoethanol 0.00253 0.00003 0.001 21 -41 174.6 
13. 2-Fluoroethanol 0.02522 0.00073 0.0250 - 1997.3 
14. I,l,l-Trifluoro-2-propanol 0.01492 0.00065 0.0167 - 2986.1 
15. I-Bromo-2-propanol 0.00223 0.00004 0.0021 69 - 23051 ,6  


97.3 2.160 0.01208 
103.1 0.698 0.00363 
100.0 1.178 0.00608 


0.004208 97.9 0.270 
101.5 0.128 0.00505 
110.0 __ 0.008345 
148.7 0.168 0.00519 
114.4 0.073 0.00477 
102.7 0.593 0.00168 
81.5 - 0.000746 


0.000536 109.1 0.0072 
154.5 0.048 0.000941 6 
100.4 0.000321 
94.6 _- 0.0032877 


101.6 0.086 0.000319 


- 


a 95 % confidence interval of ID30 = IDSO f CI. b Molar concentration effecting 50% hemolysisof rabbit erythrocytes; isotonic saline, 1 hr. at 37‘. 
c Obtained from W. L. Lawrence, Materials Science Toxicology Laboratories (unpublished data, see text). d Graphical approximation of tissue cul- 
ture parameters. 


ploying a program based on IBM Program 06.0.148’, “Single and 
Multiple Linear Regression Analyses.” 


RESULTS AND DISCUSSION 


Biological Response Data-The primary biological response data 
are given in Table 11. An illustrative set of dose-response curves 
obtained by tissue culture assay is given in Fig. 1, along with the 
indicated standard deviation of the primary data points. The stan- 
dard deviation of the experimental data was of the order of f 5 for 
the 15 compounds investigated. The 95% confidence limits of the 
calculated IDno values were also of the order of &5%. The internal 
consistency of IDao and T,  (hyperbolic relationship, Fig. 2) is an 
indication of the precision and accuracy of the tissue culture 
assays. It was concluded that differential evaporative loss of alcohols 
from the culture medium was not a significant factor in the tissue 
culture assay. The high correlation ( r  = 0.98) between the 1-hr. 
hemolysis assays (Hso) and the 72-hr. tissue culture assay (IDSO) was 
consistent with that conclusion. The precision of the HG0 data was 
slightly greater than the IDso data and may partly account for the 
higher explained variance (EY)  with H ~ o  data in the Hansch analy- 
sis. The higher lipophilicity of the erythrocyte membrane probably 
plays a significant role with respect l o  the higher absolute magnitude 
of toxicant required to produce an equivalent response in the 
hemolysis assay. The LD,o data had 95% confidence limits of 
=k 10 or less. 


7 Provided by the Department of Molecular and Quantum Biology, 
University of Tennessee Medical Units, Memphis, Tenn. 


Free-Wilson Analysis-A high degree of explained variance was 
obtained with ID50 data (92%) and HN data (94%) with the Free 
Wilson mathematical model (Table VI). Since the absolute times of 
the H ~ o  assay and IDw assay were significantly different, the con- 
sistency of results and the high degree of explained variance with the 
two sets strongly support the time independence of those assay 
systems. The poor fit of the Free-Wilson model with L D ~ o  data 
was not surprising and indicated significant secondary interactions, 
shown by Hansch analysis to be associated with P, charge param- 
eters, and steric parameters, This is consistent with the conclusion 
of Singer and Purcell(l8) as to when the Free-Wilson model would 
be expected to fail. 


The substituent group activities, as calculated from the Free- 
Wilson analysis of the IDao data, are given in Table VII in order 
of decreasing activity. As expected from receptor theories, 
the parent portion of the molecule contributes the major portion 
of the biological activity. Calculated IDSO values are compared to  
observed values in Fig. 2. The only compound falling off the re- 
gression significantly was 2-fluoroethanol; this finding is consistent 
with its known conversion to a more active intermediate. The fact 
that the other compounds were very close to the calculated regres- 
sion suggested that metabolic conversion did not play a major role 
in the toxicity of those compounds. The decrease in explained 
variance with Adj IDjo data is not consistent with the hypothesis 
of significant secondary partitioning of toxicant in the tissue 
culture system and supports the conclusion of time independence 
of the system, The theoretical ID,, for 2-butanol was calculated 
from siibstituent activities obtained in the analysis of IDoo values 
for the other members of the series prior to experimental determina- 
tion of the ID50. The values differed by 18%, indicating the predic- 
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Table 111-Substituent Model Employed in Free-Wilson Analysis 


Substituents at Gb Substituents at Cp p- 7 


Compoqnd H CHI H CHI c1 Br F 


1. Ethanol 1 3 
2. 1-Propanol 1 2 1 
3. 2-Propanol 1 3 
4. 2-Methyl-1-propanol 1 1 2 
5. 2,2-Dimethyl- 1 -propano1 1 3 
6.  2-Butanol (excludedp 
7. 3-Methyl-2-butanol 1 1 2 
8. 3,3-Dimethyl-2-butanol 1 3 
9. 2-Chloroethanol 1 2 


10. 2,2-Dichloroethanol 1 1 
11. 2,2,2-Trichloroethanol 1 
12. 2-Bromoethanol 1 2 1 
13. 2-Fluoroethanol 1 2 1 
14. 1,l ,l-Trifluoro-2-propanol 1 3 
15. 1-Bromo-2-propanol 1 2 1 


a Symmetry equation: position C1, - 9H + 5CHa = 0. C1 = substituent position one. Symmetry equation: position CZ, - 19H + 1 ICHJ + 
6C1 + 2Br + 4F = 0. CZ = substituent position two. c The Free-Wilson analysis was used to calculate the activity of this compound. 


1 
2 
3 


tive value of the Free-Wilson model for low molecular weight 
alcohols in vitro. 


Hansch Analysis-The structural model employed for Hansch 
analysis is given in Table V. The following physical parameters 
(Table I) were used in the analysis. The octanol-water partition 
coefficient, P, was employed as a basic estimate of the relative lipo- 
philicity of the compounds. The charge on the oxygen atom (Qo), 
the charge on the hydroxyl carbon (QJ, the charge on the R1 
substituent [Q(R,)], and the R1 steric parameter [&(R,)] were 
associated with thi  hydroxyl end of the molecules. The Rz steric 
parameter [E,(Rz)] and the charge parameter [Q(Rz)] were asso- 
ciated with the net properties about the CZ carbon which was 
included in the R, substituent. The results ( E Y )  of selected single 
and multiple lineak correlations of those parameters with biological 
response are given in Table IV. 


The linear dependence of the IDSO of aliphatic alcohols on P 
(Fig. 3) is consistent with the conclusions that the tissue culture 
system is in quasiequilibrium and that the correlations with physical 
parameters obtained using the Hansch model relate primarily to 
the toxicant interactions with the mouse fibibblasr L-cell receptor 
system. The consistency of the correlative results obtained with 
the 1D50 and H50 lends further support to tbese,conclusions. The 
regression of -log IDSo and -log H60 on log P, considering all 


100 


90 


80 


I 70 s 
5 50 


g 60 
0 


w 2 40 
a 
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20 


10 


w 
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2 4 6 8 10 12 14 16 18 
M x 103 


Figure I-llliistrative dose-response curve obtained for  three al- 
cohols by tissue culture assay. Key: 0, 2,2-dimethyl- I-propanol: W, 3- 
methyl-2-butanol; and 0,3,3-dimethyl-2-buranoI. 


compounds, gave regression coefficients of 0.513 and 0.805 and 
intercepts of 0.554 and 0:134, respectively, indicating a greater 
sensitivity (191 of the hemolysis assay than the tissuemculture assay 
to changes in P. The high degree of correlation of IDso and Hso 
data and the general consistency of explained variance between 
the two sets with respect to physical parametersare consistent with 
the current cpncept of nonspecific membrane activity of alcohols 
(20). A linear dependency of -log biological response on log P 
should be expected when a one-step partitioning process is involved, 
as with externalreceptqr sites of a cell membrane or in. enzymatic 
studies (21). The linear dependence found for the aliphatic alcohols 
is consistent with that found, by Hansch and Anderson (22). The 
generally lower explained variance obtained with LD6o data and 
the differential results in vivo and in vitro with respect to correlation 
with specific 'physical parameters are indicative of qualitative 
differences in the.toxicant-receptor interaction in'uivo and in vitro. 
Although qualitative differences were apparent in the Hansch 
analysis, the uniformity of the T,/P to LDso ratios within subhomol- 
ogies of the alcohol series suggested that the differences were small 
(Tables VIII and 1x1. 


Considering ail jn vitro data, P gave the highest overall single- 
parameter explained variance but gave no significant explained 
variance with in ujuo data. .The Q(R2) was the least quantitatively 
reliable parameter, but it was the only single paiameter that gave a 
statistically significant explained variance with i n  uitro and in viuo 
data. However," the explained variance for halogenated alcohols 
in vitro decreased significantly as compared to the explained 
variance with P. . ' 
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Figure 2-Correlation of calculated -log IDSO (Free- Wilson analy- 
sis) and -log of experimentally observed IDSO (Table 11). 
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Table V-Substituent Model Employed for Hansch Analyses 


Y 
R -L’H--OII 


Compound Ri Rz 


1. Ethanol 
2. 1-Propanol 
3. 2-Propanol 
4. 2-Methyl-1-propanol 
5. 2,2-Dimethyl-l-propanol 
6. 2-Butanol 
7. 3-Methyl-2-butanol 
8. 3,3-Dimethyl-2-butanol 
9. 2-Chloroethanol 


10. 2,2-Dichloroethanol 
1 1. 2,2,2-Trichloroethanol 
12. 2-Bromoethanol 
13. 2-Fluoroethanol 
14. l,l,l-Trifluoro-2-propanol 


H 
H. 
CH3 
H 
H 


H 
H 
H 


CZH5 
iso-C3H7 
rert-C,Hg 
CICHz 
CLCH 
c1;c 
BrCHz 


F3C 
FCHz 


The importance of charge on the hydroxyl end of the molecule 
can be seen in the correlations with QO and P,& the latter giving 
the highest explained variance “overall” in uirro and in uiuo. The 
two-parameter fit with P,Q(Rz) gave a slightly Increased overall 
explained variance in uitro, particularly for the halogenated alcohols 
as compared to  Q(R2) alone. The importance of substituents at C2 
is apparent in the correlation with P,Es(R2), which gave significant 
explained variance for all compounds itt uitro, an excellent fit itz 


uiuo for primary aliphatic alcohols (99.573, and a substantial 
explained variance (although of low statistical confidence) for the 
halogenated alcohols. The significance of the methyl group in the 
C1-position was reflected in the P,E,(Rz) statistics for the primary 
and secondary aliphatic alcohols and suggested that the steric 
aspects of the receptor site favor the hydrogen substituent at C,. 
The possible significance of steric parameters was suggested by 
Hansch er al. (23). It is significant that P,E,(Rz) gave a substantially 
higher explained variance in uiuo for the aliphatic primary alcohols 
than the P2,P correlation. This suggests that toxicant-receptor 
interactions are of primary importance itt uiuo and the explained 
variance is of. the same high order of magnitude as for the in uitro 
correlations where there are nonstatistical reasons to believe that 
the biological response is essentially dependent on the toxicant- 
receptor interaction. Although Pz,P correlations for both primary 
and secondary aliphatic alcohols itz aivo gave 78 and 77% explained 
variance, respectively, the partial regression coefficients for P2 
were -0.495 and 0.342, respectively, which raises a question as to 
the physical significance of the P z  term (24). The difference in sign 
of the coefficients and the highly significant difference in explained 
variance between the primary and secondary aliphatic alcohol 
with P,E,,(Rz) in uioo indicated a significant qualitative difference 
between the irr uitro and in vivo systems. However, the magnitude 
of this difference cannot be greater than that responsible for the 
fourfold variation observed in the Ti/P to LDao ratios for those 
compounds (discussed below). The correlation with Ex( R2) alone 
gave a slightly lower overall explained variance in citro than 
P,E,(R2) but gave a significantly lower explained variance with 
in uiuo data, indicating a qualitative difference in uitro and in uiuo. 


The high, statistically significant explained variance (94-99.7%) 
in uitro for the secondary aliphatic alcohols was associated with 
relatively high positive values of Qc as compared to from -42 to 


Table VI-Statistical Results of Free-Wilson Analyses 


_- Biological Response----- 
Statistical Adj 


Parameters ID60 IDso H ~ o ~  LD50 
~ 


rzb 0.95 0.93 0.97 0.54 
Explained variance 92 88 94 25 


99.9 99.9 99.9 90 Significance of 
Fratio, % 
( E V ) ,  z 


a Biological response for 11 compounds. 2-Butanol, 2,2-dichloro- 
ethanol, 2-fluoroethanol, I ,  1,l-tluoro-2-propanol, and I-bromo-2- 
propanol were not included. b The square of the coefficient of multiple 
correlation, r .  


Table VII-Substituent Group Contribution to (-log IDa) 


Activity (-log, IDso) 
Dependent Variables, 


Substituent Methyla and Bromineb 


Substituent position C1 


Substituent position CB 


Methyl 0.085323 


1.330441 Bromine 
Chlorine 0.40971 7 
Methyl 0.089450 


Overall average, p 1.911543 


Hydrogen -0.047402 


Fluorine -0.014229 
Hydrogen -0.318222 


a At substituent position CI. b At  substituent position CZ. 


- 44 % explained variance for the primary aliphatic alcohols 
associated with significantly lower Qc values. Halogenation of the 
primary aliphatic alcohols induces a higher positive charge on the 
hydroxyl carbon, and the explained variance-for that set increased 
to 43 % (statistically significant). Although the absolute values of 
QO do not vary as much as Qc, the same statistical relationship 
exists for that parameter and, as pointed out previously, con- 
tributes significant1.y to  the P,Qo correlation. The correlations 
with Q,,E,(Rz) and Qo,E,(Rz) gave a generally lower explained 
variance than P,E,(Rz). This was not surprising because P depends 
upon the overall physical properties of the molecules and has 
greater predictive value than single parameters associated with 
specific or localized molecular properties. Low order correlations 
with specific parameters, although not expected to give high 
explained variances, serve to  isolate those factors of importance 
to net biological response. 


For any significant improvement in overall explained variance 
for the halogenated alcohols, a three-parameter fit using P, Qc, and 
Es(R2) was required. This suggested the importance of both charge 
and steric interactions; however, the statistical confidence of the 
correlations was less than 90%. The generally lower explained 
variance obtained for the halogen-substituted alcohols can be 
rationalized in terms of the heterogeneity of that set of compounds. 
Except for mono-, di-, and trichloroethanol, there is no systematic 
homology of substitution; each of the other members of the set 
represents single members of different subhomologies with different 
mechanisms of action, as indicated by the T, /P  to LD50 ratios. 


The Adj IDso values were calculated on the assumption that 
the variation in the percent growth intercept reflected a variation in 
the effective concentration of toxicant as a result of partitioning of 
the toxicant to nonaq.ueous compartments (the cell monolayer 
and components of the medium). Although the Free-Wilson 
results tended to support the assumption of nonsignificant parti- 
tioning in the cell culture system, the results of the Hansch analysis 
on the Adj IDso data indicated that there may,have been a small 
amount of toxicant loss due to partitioning for the secondary 
(high partitioning) aliphatic alcohols. In general, there is a slight 
decrease in the Adj IDso explained variance or no change at all as 
compared with the IDso explained variance. This is probably a 
result of the random statistical error in the intercept being greater 
than the real, but small, partitioning effect itr uitro. 


Linear equations relating biological response and physical 
parameters, which give a high degree of explained variancc, have 
value for the prediction of biological response of untested con- 


Table VIII-Relationship of T,. P ,  and LDjo: 
Aliphatic Alcohols 


[TJLD$ [( TtIP)/LD 501 
Compound x 10- x 10-4  


1 .  Ethanol 2.5 5.0 
2. I-Propanol 26.2 13.1 
3. 2-Propanol 8.4 7.4 
4. 2- Methyl- 1 -pro pan01 56.3 9 . 9  
5 .  2,2-Dimethyl-I-propanol 94.5 4.6 
6. 2-Butanol 13.5 3.3 
7. 3-Methyl-2-butanol 132.2 6.9 
8. 3,3-Dimethyl-2-butanol 410.2 13.6 
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Table IX-Relationship of Ti, P,  and LDao: Halogenated Alcohols 


AIO 


0 ALIPHATIC ALCOIUI lS  


AHALOGENATED ALCOMOLS 


, 1 1 1 1 1 1 1 1 1 1 1 1  


-0.8 -0.4 0 b.4 0.8 1.2 1.6 2.0 
I I I I . 1  I I I I 1  1 1 I 


-0.8 -0.4 0 b.4 0.8 1.2 1.6 2.0 
LOG P 


Figure 3-Correlation of --log IDSO and log P. (For key, see Table 
11.) 


pners. Selected equations giving the highest explained variance for 
the alcohol series investigated are given in Table X. 


Time Independence of Ti and IDso-The essentially perfect hyper- 
bolic relationship between T,‘ and ID20 (i.e., linear .relationship 
between IDGO and 1/Ti) (Fig. 4) gives strong support for the con- 
clusion that equilibrium conditions ,prevail in the ,tissue culture 
system. That Ti bears this direct relationship to cellular toxicity, 
the IDsa, is consistent with the conclusion that it provides an 
estimate of the time-independent interaction or affinity of the 
toxicant with the receptor system ,of the cell. The .overlap of the 
intrinsic toxicities of the methyl-substituted and halogen-sub- 
stituted members of the series, divergent in chemical and physical 
attributes, within the hyperbolic distribution is further indication 
that Ti is an estimate of the toxicant-receptor interaction rather 
than secondary factors such as diffusion. The linearity of the dose- 
response relationship in the tissue culture was consistent with the 
assumptions of equilibrium and that the assay conditions were 
such that a first-order relationship prevailed in the toxicant- 
receptor interaction, The findings of Fink and Bender (25) regarding 
the kinetics and mechanism of inhibition of papain-catalyzed 


10 20 30 40 50 60 70 
T,, %/mole x 10-3 


Figure &Correlation of ID60 and T,. (For key, see Table IZ.) 


[Ti/LDso] [(Ti/P)ILD5ol 
Compound x 10-4 x 10-4 


~ ~ 


9. 2-Chloroethanol 98.2 92.7 
10. 2,2-Dichloroethanol 1222.1 522.2 
11. 2,2,2-Trichloroethanol 13020.4 583.9 
12. 2-Bromoethanol 437.3 260.3 
13. 2-Fluoroethanol 622.2 5185.0 
14. 1,l ,l-Trifluoro-2-propanol 90.8 17.9 


hydrolyses by a series of straight-chain, primary alcohols is con- 
sistent with the observed tissue culture response (Ti and I D ~ o )  
obtained with the alcohol series in the present investigation. The 
shift in the kinetics observed in the enzyme system in the presence 
of an increasing molecular weight of the alcohols coincided with 
the hyperbolic break in IDso values obtained in tissue culture in 
this investigation, which gives further indirect support to the con- 
clusion that the tissue culture system reflects a toxicant-receptor 
interaction, 


Relationship of Tissue Culture Intrinsic Toxicity (Ti) and Acute 
Toxicity (LDso) in the Mouse-The hyperbolic relationship of Ti 
and IDSO (Fig. 4) relates to the degree of inhibition or saturation 
of the receptor system and not to the mechanism of the inactivation. 
If the receptor system of the mouse fibroblast cell in tissue culture 
is an adequate model for the receptor system in the mouse and if 
quasiequilibrium conditions attain in the 7-day LDna determination, 
the product of Ti and the equilibrium concentration of the toxicant 
in the aqueous phase (proportional to l / P )  should have a direct 
and constant relationship: 


where: 


T, = time-independent intrinsic toxicity of the toxicant 
P = time-independent octanol-water partition coefficient 


of the toxicant (assuming the octanol-water system to 
be an adequate model of the partitioning system in uiuo) 


LDbo = single intraperitoneal dose required to kill 50% of the 
test animals in 7 days (which assumes percent kill to be 
directly proportional to  the number of receptor sites 
inactivated) 


If T; is a valid time-independent estimate of intrinsic toxicity, 
experimental variations in C reflect the time-dependent reactions or 
processes in uiuo that affect equilibrium concentration of toxicant, 
intrinsic toxicity of the toxicant (through biotransformation), and 
constancy of the receptor system. 


The ratio of Ti to LDso varied 164-fold and 143-fold for the 
aliphatic and halogenated alcohols, respectively (Tables VIII and 
IX). The inclusion of P in the Ti/P to LDbo ratio reduced the varia- 
tion to fourfold for the aliphatic alcohols, indicating that the 
Ti/P relationship largely accounted for the it? uiuo toxicity of that 
siries. Involved in the fourfold irariation was the statistical accuracy 
of the parameters, the fact that Ti and LDno were expected to vary 
inversely, and the fact that the ratio was the result of dividing 
large numbers by small numbers. It was, therefore, not possible to 
ascribe the observed variations to  time dependencies, but the 
magnitude of time dependencies that exist must fall within the 
observed variation in the ratio. 


The ratios obtained with the halogenated alcohols were higher 
than for the aliphatic alcohols and had a significantly higher range 
of variation overall. This was consistent with the greater hetero- 
geneity of structural substituents within that set. It also suggested 
a qualitative difference in the toxicant-receptor interaction as 
compared to the aliphatic alcbhols or a qualitative difference in the 
receptor systems affected by the two sets. The qualitative differences 
between the sets observed in the Hansch analysis, particularly with 
respect to charge parameters, and the consistency of the hyperbolic 
relationship of Ti and IDna suggested that the primary receptor 
system was the same for the two sets, It was significant that the 
magnitude of the deviations of the halogenated set from the linear 
regression of -log IDS0 on log P for aliphatic alcohols (Fig. 3) 
generally followed the shift in magnitude of the T,/P to  L D ~ o  
ratio, which was consistent with the conclusion that the variation 
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Table X-Linear Regression of Biological Activity on Physical Parameters : Selected Equations 


EV, z 
AN compounds 


-log IDso = - 0.787E8(R1) + 0.310 65 
51 


-1ogHso = 0.805logP+0.134 46 
68 


-log Adj ID50 = - 0.751E8(R2) + 0.380 


= - 0.875Ea(R2) + 0.166 
All secondary alcohols 


-log IDso = 0.904 l0gP - 0.042 
= 0.549 log P - O.432Ea(R2) - 0.028 


= 0.860 log P - 0 .  242E8(Rz) - 0.076 
0.342logP2 - 0.409logP + 9.25Qs - 1.53 


= 0 .350 l0gP~-O.421 lOgP+62 .56Qo +28.10 


-log Adj ID50 = 1.06 log P - 0.084 


-1ogLDso 


All aliphatic alcohols 


-log Adj IDso = 0.917 log P - 0.018 


-log IDso = 0.820 log P - 0.011 
= 0.501 logP - 0.445E8(Rz) + 0.01 


-log Hso = 0.772 log P - 0.093 
-1OgLDso = 0.17810gP - 1.69Qo - 1.70 


All primary aliphatic alcohols 
-log IDso = 0.735 lOgP + 0.049 


-log AdJ lDso = 0.751 log P + 0.042 
-log Haa = 0.770 log P - 0.078 


-1OgLDso = - o.49510gPzf0.71210gP - 0.803 
= 1.04 log P + 1.40E8(R2) - 0.768 


All secondary aliphatic alcohols 
-log ID50 = 0.932 log P - 0.122 


= 0.497 log P - 0.484E8(Rz) - 0.003 


= 0.80910gP - 0.294E8(R2) - 0,052 


= - 388.2212, + 31.93 


-log Adj IDSO = I .07 log P - 0.124 


-log Hso = 0.778 log P - 0.121 


-log LD5o = 0.342 log P2 - 0.427 log P -. 0.769 
All halogenated alcohols 


-log IDso = 0.592 log P + 1.00 
= 115.07Qo + 53.19 


-1OgLDso = 0 . 2 9 2 l 0 g P ~ - l . 4 0 l o g P + 4 3 . 8 6 Q ~  -5.50Q(R2) -2 .93  
All primary halogenated alcohols 


-log IDso = 0.704 log P + 1.10 
= 1.57 log P - 701.65Qo - 2. 85Ea(R2) 
= 1.5210gP- 114.26Q.- 2.61E8(R2) 


= 1.97 log P - 136. 18Qc - 2.79E8(Rz) 
= 2.04 log P - 836.34Qo - 3.08E,(Rz) 


-log Adj IDSO = 0.721 log P + 1.14 


-10gLDso = - 1.3810gP + 48.27Qc - 3.39 
= - 1.36 log P + 269.8200 + 121.99 


318.22 
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in the ratio reflects a variation in the toxicant-receptor interaction 
rather than secondary time dependencies. The variation in ratios 
of T,  to LDso for the halogenated set was of the same order of 
magnitude as for the aliphatic set and, excluding the fluorine- 
substituted compounds, the sixfold variation of the TJP to LD50 
ratios was of the same order of magnitude as for the aliphatic set, 
indicating again the significance of T, and P in the rationalization 
of in uiuo response, The significantly higher ratio for 2-fluoroethanol 
is consistent with its known conversion to  an intrinsically more 
toxic intermediate (26). The ratio for 1 ,l,l-trifluoro-2-propanol 
was only slightly higher than for the aliphatic series. Structurally, 
it resembles more closely its homolog, 2-propano1, in the aliphatic 
series than the other halogenated alcohols resemble their respective 
homologs because of the distinctly larger size of the chlorine and 
bromine substituents. The significance of substituent size can be 
seen in the mono-, di-, and trichloroethanol ratios and in the fact 
that the bromoethanol ratio falls between mono- and dichloro- 
ethanol. This is consistent with the significant contribution of 
E,(R2) in the Hansch analysis. 


The T,/P to LD50 ratio reflects qualitative similarities or differ- 
ences in mechanism and has value in the prediction of in vivo 
toxicity when the magnitude of the ratio is established for a well- 
defined series of congeners, as in the aliphatic series of alcohols. 
In this study, the IDso of 2-butanol was predicted prior to the 
experimental determination of the LD50. By using the theoretically 
calculated IDso from the Free-Wilson analysis, Ti was estimated 
from the hyperbolic relationship of IDJO and Ti (Fig. 4) and was 


used in conjunction with P and the average value of the Ti/P to 
LD.50 ratio for secondary aliphatic alcohols to predict the LD50 of 
2-butanol. The predicted value was a factor of 2 lower than the 
experimentally determined LDso but was within the 95 confidence 
limits of the comparison and well within the fourfold variation 
of the aliphatic set. 


When LD50 is plotted against Ti, the basic hyperbolic relation- 
ship is observed (Fig. 5), with the high partitioning secondary 
alcohols and primary alcohols showing significantly lower toxicity 
than expected, resulting from active partitioning into the hydro- 
phobic compartments of the animal. The position of 1 ,l,l-trifluoro- 
2-propanol falls between the secondary aliphatic alcohols and the 
lower segment of the hyperbolic curve made up primarily of the 
halogenated compounds. This relationship was reflected in the 
T,/P to L D ~ o  ratio already discussed. 1,1,l-Trifluoro-2-propano1 
is a single member of a subhomology, and mono- and difluoro-2- 
propanol would be expected to fall on a curve between 2-propanol 
and l,l,l-triflu,oro-2-propanol; significant deviation from this 
relationship would indicate an alteration in mechanism by metabolic 
conversion or other specific secondary reactions affecting Ti, as  
found in the case of 2-fluoroethanol. 


The “hyperbolic” relationship of LDso and T, is not as precise 
as that found in the IDso and Tj relationship. The LD50 values 
through which the curve is drawn are high with respect to a true 
hyperbolic relationship. The magnitude of the deviations for the 
high partitioning halogenated alcohols was less than those found 
in the aliphatic set, which is consistent with the suggested qualitative 
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The excellent fit of in vitro data to the FreeWilson model and 
the results of Hansch analysis support the conclusion that the 
tissue culture system is a quasiequilibrium, time-independent 
system. 


The usefulness of tissue culture intrinsic toxicity, T i ,  and the 
octanol-water partition coefficient, P, for the analysis and predic- 
tion of in vivo response is demonstrated. 


10 20 30 40 50 60 70 
Ti, %/mole X 


Figure 5-Correlation of LDSO and Ti. (For key, see Table II.)  


difference in mechanism for the halogenated compounds. The 
general hyperbolic relationship of LDso and Ti and the fact that 
the octanol-water partition coefficient serves as a basis for the 
rationalization of in uiuo response with respect to Ti indicate a 
significant relationship of in vitro T,  to in vivo response. They also 
indicate the pertinence of the Higuchi equilibrium model for the 
rationalization of in viuo response where estimates of effective 
aqueous concentration of toxicant are available. The significant 
correlation of in vitro and in oivo toxicity through the T i p  to LDbo 
relationship strongly supports the assumption that P is the pre- 
dominant factor in determining the time course of toxicant effect 
in viuo and that the LDN based on mortality data a t  7 days pro- 
vides adequate time for expression of dose-related primary toxicity, 
This seems reasonable in view of the relatively rapid assimilation 
and excretion of low molecular weight alcohols. Variations in the 
time dependencies of these processes no doubt contribute to the 
four- to sixfold variation in the Ti/P to LDso ratios. 


CONCLUSIONS 


The results of this investigation support the conclusion that 
intrinsic cellular toxicities obtained by tissue culture assay of 
methyl- and halogen-substituted alcohols are directly related to the 
intrinsic in uir;o toxicities of those compounds. This conclusion 
rests on the relative uniformity of the Ti/P to LDba ratio within 
subhomologies of the series and supports the conclusion that 1/P 
is directly related to the effective aqueous concentration of toxicant 
in uivo. This relationship also supports the conclusion that the 
tissue culture system is in quasiequilibrium and provides valid 
estimates of T, .  Major differences in the TJP to LD50 ratios between 
the aliphatic and halogenated alcohols are attributed primarily to 
differences in toxicant-receptor interactions rather than secondary 
time-dependent processes. Qualitative differences in in vivo and 
in vitro toxicity are detectable by Hansch analysis, but the quantita- 
tive contributions of those differences cannot exceed that responsi- 
ble for the relatively small variation in the T,/P to LDso ratios 
observed within the subhomologies. 


Hansch analysis of the biological response data leads to the 
conclusion that P and E,(R,) are the most significant physical 
parameters associated with biological response of primary aliphatic 
alcohols and that E,(R1) is of primary importance to  the bio- 
logical response of the secondary aliphatic alcohols. A higher 
positive charge at C,, associated with the methyl substituent at CI 
and with halogenation at Cz, is a significant factor in the toxicant- 
receptor interaction, and a qualitative difference exists between 
in nitro and in uiro response relative to  that parameter. Charge on 
the hydroxyl oxygen, Qo, is related to that phenomenon and is of 
primary importance in the toxicant-receptor interaction. 
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cost justifications, and interpretation of manufacturers’ claims. The 
15 articles are divided into three sections: Systems Techniques, Cost 
Control, and Evaluation of Equipment. 


Staff Review 


Predictive Toxlcometrlce--Basic Methods for Estimating Poisonous 
Amounts of Foods, Drugs, and Other Agents. By ELDON M. BOYD. 
Williams & Wilkins, Baltimore, MD 21202, 1972. vi + 408 pp. 
14 X 22 cm. Price 532.00. 
Even though there is increasing interest in the broad field of 


toxicology, one is often hard put to find a suitable text which can be 
used in undergraduate and graduate programs. A few years ago, 
Dr. Ted A. Loomis published a modern text on toxicology under 
the title Essentials o/ Toxicology (Lea & Febiger, 1968). The book 
has served a very useful purpose for those teachers presenting an 
introductory course in toxicology. For those courses in which 
methodology was emphasized, a book edited by Dr. G. E. Paget, 
Methods of Toxicology (F. A. Davis Co., 1970), became popular. 
More recently, a revised text by Drs. Linton H. Thienes and 
Thomas J. Haley, under the title Clinical Toxicology (5th Edition, 
Lea & Febiger, 1972), became available. To these three texts now 
can be added Predictive Toxicometrics, authored by a recognized 
toxicologist, Dr. Eldon M. Boyd, Professor of Pharmacology, 
Queen’s University, Canada. The book is primarily directed toward 
methods of testing and evaluating the toxicity of drugs and other 
agents using many examples taken from the author’s own labora- 
tory. One of the unique features of this book is that many little de- 
tails are presented that other books have not included. 


In thumbing through the text, one is immediately confronted 
with words which often are not used by toxicologists in this country. 
These include “toxicometrics,” “uniposal toxicometrics,” and 
“multiposal predictive toxicometrics.” This should not really cause 
the reader to shy away from the book, since the terms become well 
defined on reading the text. On the first page of the book, Boyd de- 
fines “toxicometrics” by drawing attention to two Greek words, 
toxican, or poisons, and metrikos, or measures. One versed in 
etymology would thus have no difficulty with this work. “Predictive 
toxicometrics” can then be considered as determining “the effect of 
a range of doses (toxic and nontoxic) of a substance in representa- 
tive groups of plants, animals, or man and, from the results, predict 
the effect of such doses on the human or animal or plant popula- 
tion.” 


In the introductory chapter, Boyd reviews very briefly the training 
required to undertake toxiconietric studies. He also presents a list 
of general references, texts, and journals which fit into the field of 
toxiconietrics. Several paragraphs arc also directed at the history 
of predictive toxicometrics, while several pages deal with food and 
drug legislation, including both Canadian and U. S. laws. Boyd 
clearly identifies at the end of the first chapter the scope and direc- 
tion of the book: 


I shall confine my discussion of predictive toxicometrics to 
what I consider to be the esserrtiul or minimal amount of 
in formation which should be obtaitied by the predictive 
toxicologist. There is pructically no limit to the total 
umount of dura lie could collect. I shall also confine my 
reciew to areas in which I have hud practical experience. 


The remaining portions of the book are divided into three seg- 
ments, with appropriate chapters under each segment. The first 
segment is called “Factorial Toxicometrics,” with further sub- 
divisions entitled “Host Factors,” “Factors Associated with Drug 
Administration,” and “Factors Associated with the Environment.” 
A second segment is entitled “Uniposal Toxicometrics,” which can 
be defined as the toxicity of a substance as a single dose (or a series 
of doses repeated at short intervals usually from several minutes 
to an hour). The last segment is called “Multiposal Predictive 


Toxicometrics” or the toxicity of a substance administered daily 
for varying periods of time. 


Coming back to the first segment, “Factorial Toxicometrics,” 
the author includes seven chapters under “Host Factors.” These 
range from a discussion on species and strains of animals to idio- 
syncratic toxicity. In this same segment, but under the classification 
of “Factors Associated with Drug Administration,” he includes 
chapters on physical and chemical properties of drugs, route of 
drug administration, simultaneous administration of other agents, 
and tolerance to repeated drug administration. The segment ends 
with a review on the effect the environment can play on altering 
toxicity of a substance. Environment here includes the presence of 
the same animals (as a group rather than single), other species (in- 
cluding man), and the physical environment. For example, the 
attention the animal care personnel direct to animals may have a 
dramatic effect upon the biological response. Both the uniposal and 
multiposal segments of the book are filled with very valuable in- 
formation for the experimental toxicologist. Chapter 14, under 
uniposal considerations, presents an interesting account of the 
effect various solvents can play in altering toxic response. Unfor- 
tunately, in many toxicity studies, the investigators have not given 
sufficient attention to the solvent. Boyd suggests in this chapter that 
pilot studies employing one to five animals be used in order to save 
time before a full study is to be undertaken. Chapter 15 deals with 
clinical parameters which should be observed in toxicity studies. 
He stresses the importance of cage-side observation by a person who 
is knowledgeable in the normal behavior of the animals he or she 
is studying. Further emphasis is given to daily clinical measure 
ments such as change in body weight, food intake, water intake, 
colonic temperature, urinary volume, and urinary analysis. Even 
though many toxicologists employ routinely hematology studies, 
Boyd feels that the information derived may be minimal in relation 
to the time required to perform the tests. 


In Chapter 16. the author reviews uniposal autopsy parameters 
and describes these under four headings: (1) gross pathology, 
(2) histopathology, (3) organ weights, and (4) organ water levels. 
He pays close attention to many details which unfortunately are 
not generally followed by many toxicologists for one or more 
reasons. For instance, he shows by examples changes in water 
content of body organs of rats stored for 24 hr. under several 
different temperatures. Even though many toxicologists have not 
placed much emphasis on organ weights in toxicology studies, 
Boyd emphasizes that this measurement is extremely useful since 
it can be a very sensitive indicator of toxicity. Under the segment on 
“Multiposal Predictive Toxicometrics,” specifically Chapter 19. 
Boyd presents the disadvantages of administering a substance in the 
diet if the agent, such as a drug, is to be taken orally on adaily basis. 
He prefers to administer the drug to  animals by gastric lavage. 


Other chapters appear in the last segment which deal with dura- 
tion of daily dosing, analysis of clinical signs, analysis of autopsy 
signs, and multiposal toxicity syndromes. 


One of the interesting aspects of this very valuable collection of 
toxicology information is that the author does not refer to such 
terms as “acute toxicity.” and prefers the terms “uniposal” and 
“rnultiposal” to “chronic toxicity.” He does not discuss his reasons 
for this in the book, but in no way does this detract from the book 
once the terms are understood. 


If I were to find a fault with the book, it would be that the author 
has perhaps included too many details and data which may, at 
times, hinder a student of toxicology from following the theme 
the author wishes to emphasize. This fault is minor, however. 
This book should be of great value in particular to teachers present- 
ing graduate courses in toxicology and to those toxicologists in 
the field who can always use a little help in refreshing their knowl- 
edge. 


Reviewed by John Autian 
Materials Science Toxicology Laboratories 
College of Pharmacy and College of 


University of Tennessee Medical Utrirs 
Dentisrry 


Memphis, TN 38103 


698 Journal of Pharmaceutical Sciences 








Interaction of Cholesterol with 
Dibenzanthracenes at Air-Water Interface 


ALBERT A. BELMONTE and JAMES SWARBRICKA 


A M  0 A film balance approach using continuous compression 
was used to  study the interaction of the carcinogen 1,2:S,ddibenz- 
anthracene and the noncarcinogen 1,2: 3,Mibenzanthracene with 
insoluble monolayers of cholesterol. Surface pressure and surface 
potential of mixed dibenzanthracene-cholesterol films spread on 
water and saline were studied. Results showed an association of 
1,2: 5,ddibenzanthracene and no association of 1,2:3,4dibem 
anthracene with cholesterol. Surface potential data support the. 
concept of carcinogerrcbolesterol association. The data show a 
useful difference between a carcinogenic and a noncarcinogenic 
isomer at  the air-water interface. 


Keyphraees IJ Cholesterol-dibenzanthracen+interaction at  air- 
water interface, film balance approach, comparison of carcinogenic 
and noncarcinogenic dibenmnthracene isomers 0 Dibenzanthra- 
centcholesterol-interaction at air-water interface, film balance 
approach, comparison of carcinogenic and noncarcinogenic dibenz- 
anthracene isomers 0 Carcinogens, 1,2: S,ddibenzanthracene- 
interaction with cholesterol at air-water interface, compared to  
noncarcinogenic isomer, 1,2: 3.4-dibemmthracene IJ Films-mixed 
dibenzanthracene-cholesterol, surface pressure and surface poten- 
tial, air-water interface 


Carcinogens, materials known to cause cancer, pose 
an interesting area of cancer research. While many 
investigations have been conducted on carcinogen inter- 
actions with nucleic acids, only a few studies have been 
directed toward carcinogen-cell membrane interactions. 
Wallach (1) proposed that oncogenic agents may act to 
introduce an inappropriate protein into cell membranes. 
Numerous membrane functions may be affected as a 
result of such an alteration. Weissmann et al. (2) 
reported the effects of tumor-promoting agents on 
biological and artificial membrane systems. Their results 
suggested membrane disruption as a prime tumor- 
initiating step. Selkirk et al. (3) compared the phos- 
pholipid profiles from plasma membranes of solid 
hepatoma cells and liver cells in an attempt to understand 
cancer-membrane phenomena; differences in composi- 
tion and degree of fatty acid saturation were found. All 
of these studies support the premise that cell membranes 
are afiected by neoplasia. Since cell membranes can 
control passage of materials into the cell, membrane 
interactions, particularly penetration of cell membrane 
by carcinogens, may be extremely important in under- 
standing the cancer-initiating process. 


Many materials have been shown to be carcinogenic 
in uiuo, yet the ability to correlate carcinogenicity to 
in oitru behavior is often difficult. In an attempt to 
differentiate between closely related polycyclic aromatic 
hydrocarbons, it was decided to utilize a film balance 
technique. This approach is based on the well-recog- 
nized fact that insoluble monolayers can be employed to 
simulate biological interfaces (4). Snart (9, in 1967, 
made a preliminary study of some aromatic hydro- 
carbons in monolayers, showing some association of 


hydrocarbons with cholesterol and lecithin. Weiner 
et al. (6) showed an interaction occurring with 3-methyl- 
cholanthrene and lecithin-cholesterol mixed films. The 
present investigation was conducted to study some 
surface interactions of dibenzanthracene with cho- 
lesterol. 


The polycyclic aromatic hydrocarbon dibenzanthra- 
cene was chosen for study for several reasons. These 
include the facts that 1,2: 5,6-dibenzanthracene was the 
first synthetic chemical compound to induce cancer and 
that considerable information has been compiled on its 
properties (7). In addition, lY2:5,6-dibentanthracene has 
a structural isomer that is noncarcinogenic or weakly 
carcinogenic, 1,2 :3,4-dibenzanthracene (8, 9). Cho- 
lesterol was chosen because of its function in cell mern- 
brane structure. 


The intent of this report is to relate the monolayer 
properties of mixed films of cholesterol with dibenz- 
anthracene. The properties will be characterized by: (a) 
the effect of concentration of dibenzanthracene on 
surface pressure and surface potential parameters, and 
(b) the effect of each dibenzanthracene isomer with 
respect to their different behavior in oioo. 


EXPERIMENTAL 


Materinls-The mixed 5 l m s  were prepared by dissolving the 
cholesterol (S.C.W.)' in chloroform (nanograde)' and the dibenz- 
anthracene' in benzene (nanograde)l. The appropriate molar ratios 
of dibenzanthracene-cholesterol were then prepared with the aid of 
a calibrated syringe'. This premixed solution was used as the film- 
forming material. Double-distilled water from an all-glass still wtls 
used as the subphase. The specific conductance of the water was not 
greater than 1.5 pmhoslcm. When appropriate, normal saline was 
prepared by adding analytical reagent grade sodium chloride'. 
Fihn Baha+The film balance was a modified Wilhelmy type 


which was described previously (10). Surface potential was measured 
using the ionizing air-gap technique. The apparatus also was 
described previously (1 1). 


F r o c e d d u r f a c e  pressure was measured continuously using 
a thin mica plate, of known perimeter, attached to a recording 
electrobalance. Upon compression, the change in mass of the mica 


1,2:5,6-dibenzanthracene 1,2:3,4-dibenzanthracene 
(carcinogen) (non- or weak carcinogen) 


1 Nutritional Biqchemi.cal Co Cleveland. Ohio. Purity was 
checked by TLC uslng silica gel F i n d  H lates and petroleum ether- 
ether-acetic acid (90:30:1) and chloro!onn-methanol-water (65. 
25:4) as solvents. In all cases, only one spot was found when the 
plates were develo ed with brornthymol blue and ammonia gas. 


2 Mallinckrodt. gt. Louis, Mo. 
8 Digi-Pet, Manostat Corp., New York, N. Y. 
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Figure 1-Surface pressure-urea relationship for 1,2:3,4dibenzan- 
thracene on water. Key: 0, cholesterol; 0, 1 : l O  1,2:3,4dibenzan- 
thracene-chdesterd; a, I : I  1,2:3,4-dibenzanthrcene-chdesterd: 
V, 3:1 1,2:3,4di~nzanthrac.ene-chdesterol; and A, 5:1 1,2:3,4- 
dibenzanthracene-chdesterd. 


plate yields a direct measurement of surface pressure. Simultaneous 
recording of surface potential aRorded constant monitoring of 
monolayers at all stages of compression. 


Since preliminary results showed that dibenzanthracene itself 
does not form surface films, the effect when allowed to react with 
cholesterol may be evaluated by surface pressure-area per molecule 
relationships ( P A )  directly. Surface potential (AY) was also moni- 
tored since this can be helpful in interpreting subphase film inter- 
actions (4). 
Dibenzanthracene-cholesterol films were prepared from solutions 


containing varying mole fractions. The mixed film solution was 
pipeted onto the aqueous surface using a micropipet‘ and allowed 
to spread undisturbed for 10 min. After this equilibration, com- 
pression was initiated at a rate of 2.54 cm./min., and data taken 
from simultaneous recordings of surface pressure and surface po- 
tential were used to  produce the characteristic *-A isotherms. All 
runs were performed in triplicate at 25 ’. 


RESULTS 


Surface PreSslae-Am per Mdecule-Figure 1 represents the 
relationship between surface pressure and area per molecule, ex- 
pressed in terms of cholesterol, for mixed films of 1,2:3,4dibenzan- 
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Figure 2-Surface pressurewrea relationship for I ,  2:5,6-dibenzan- 
thrucene on water. Key: 0, chdesteml; 0, 1:IO 1,2:5,6-dibenran- 
thracent-cholesteml; 0, I : I  1,2:5,6-di~nzanthrncene-chdesrerd; 
V, 3:l 1,2:5,6-diberizunthrareiie~holesterd; and A, S:I 1,2:5,6- 
dibenzanthracene-chdesterol. 


~ ~~ ~~~ 


Bio-Rad Laboratories, New York. N. Y. 


Table I-Limiting Surface Potentid on Water and saline 


-AV, mv.- 


Cholesterolb 401 ( 2.6)’ 406 (6.1)” 
1,2:3,4-DBA-chol 1:lO 399 (3.1) 411 (7.2) 
1,2:3,QDBA<hol 1:l 403 (8.0) 424 (9.5) 
1,2:3,4-DBA-chol 3:l 3% (3.6) 410 (6.6) 
1,2:3,4-DBA-chol 5:l 397 (4.7) 427 (4.0) 
1,2: 5,dDBA-chol 1 : 10 378 (13.7) 433 (20.1) 
1,2:5.6-DBA-chol 1 :1 383 (2.6) 412 ( 5 . 5 )  
1,2:5,6DBA-chol 3:1 439(13.Qd 464 (l.ad 
1,2:5,bDBA-~hol 5:l 436(18.6)d 482 (5.0)’ 


System Ratio Water saline 


0 At collap?c. bDBA. = dibmqnthracene; chol - cholesterol. 
c Standard devlation. d Swificantly different at p < 0.01. 


thracene-cholesterol. Also shown is the isotherm for pure choles- 
terol. Similar curve were obtained when saline was substituted as 
the subphase. The extrapolated area per molecule for cholesterol, 
which depends on the method of compression, is comparable to that 
found by Kwong ei d. (12). who also used continuous compression 
to generate the surface pressure-area isotherm. 


Figure 2 illustrates the isotherm resulting from the interaction of 
the potent carcinogen 1,2: 5,ddibenzanthracme and cholesterol on 
water. Identical isotherms were observed when experiments were 
conducted on saline. This figure may be contrasted to Fig. 1, or the 
noncarcinogenic isomer with cholesterol. The expansion of the 
carcinogen film at low surface pressures is significant in view of the 
noncarcinogen film results. 


Surface Poteatialsurface potential data are shown in Table I. 
Surface potential was taken at  collapse or when the potential failed 
to change and reached a limiting value. In either case, this generally 
corresponded to a surface potential of the film at cross-sectional 
areas per molecule of 35-40 As. A one-way analysis of variance 
performed on the data for each subphase showed statistical sig- 
nificance at p < 0.01. The individual means within each subphase 
were then tested using the sequential Q test (13). The 3 : 1 and 5 : 1 
carcinogenic 1,2: 5,adibenzanthraceneholesterol films showed 
significance with p < 0.01 and regardless of subphase. 


DISCUSSION 


The steric rearrangement of a benzene ring in dibenzanthracene 
changes this compound from a potent carcinogen to a very weak 
carcinogen or a noncarcinogen. Although Snart (5) reported some 
surface interactions of 1,2: 5,6-dibenzanthracene. the study did not 
include 1.2: 3,edibenzanthracene. The ability to  contrast these two 
compounds in oitro may have added importance, since Heidelberger 
and Moldenhauer (14) showed the noncarcinogen to bind more 
strongly to  protein than the Carcinogenic isomer. This binding 
behavior of dibenzanthracene is generally recognized to be contrary 
to the usual behavior wherein carcinogens bind more strongly than 
noncarcinogens. 
In the surface interactions with cholesterol, no correlations could 


be drawn between concentration of noncarcinogenic dibenzan- 
thracene and the isotherms produced. No trend was evident, and 
the s l i t  differences noted are relatively insignificant when com- 
pared to changes evident in the carcinogen films. Mixed films of the 
strong carcinogenic isomer showed a very different effect with 
cholesterol. No difference was observed between the cholesterol 
isotherm and the 1 :10 carcinogeu-cholesterol film. However, with 
the films containing higher carcinogen4olesterol ratios (1 : 1, 3 : 1, 
and 5 :  1). a significant difference in behavior was noted. There was a 
dramatic expansion of the film at  low surface pressures, attributable 
to the presence of carcinogen at the interface. There was also a rank 
correlation between the concentration of 1,2:5,6dibenzanthrane 
and the expansion of the film, and this was related to the extra- 
polated area per molecule. 


The extrapolated area per molecule, by tradition, is obtained by 
continuing a portion of the F A  isotherm to zero film pressure. The 
assumption was made that, from steric factors and for maximum 
interaction to  occur, the cross-sectional area per molecule of di- 
benzanthracene was 40-50 A¶. By evaluating the expansion &ect 
of the carcinogen-cholesterol films from extrapolated areas per 
molecule, it was possible to estimate the final molecular association 
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present in the fllm. The molar ratio of carcinogen to cholesterol 
initially prepared versus the association estimated from expansion 
of the resulting films is plotted in Fig. 3. The data show that after 
spreading a solution containing a 5 : 1 carcinogen-cholesterol initial 
ratio, a 1 : 4 molecular association results at the interface. Although 
this association appears to be self-limiting as carcinogen concentra- 
tion is increased iy the film, the’limiting value and its si8ni6cance 
are still unknown. 


Surface potential data reinforced the concept of Carcinogen as- 
sociation at the interface. The 3 : 1 and 5 : 1 carcinogenic films were 
statistically different from the noncarcinogenic films regardless of 
subphase. These results were not unexpeded in view of thar *-A 
isotherms, since the 3:l and 5:l carcinogen+holesteroI films 
showed the greatest expanding &wt. 
These results demonstrate a wry useful dEerence existing between 


a carcinogenic and a noncarcinogenic or weakly Carcinogenic i s o m  
at the air-waterinterface. This method conceivably may be useful 


in discriminating between other carcinogenic and noncarcinogenic 
isomers. Furthermore, cell membrane integrity or disruption at the 
molecular level may be a canar-initiating step for carcinogens 
prior to interaction with otha aitjcal targets within the cell. 
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Constituents of Mummu umerkunu L. XII: 
Biological Data for Xanthones and Benzophenones 


R. A. F F G A N ’ ,  K. E. MERKEL, e d  J. K. PATEL 


Abstract 0 Sarcoma 180 inhibition data are presented for a nun- 
ber of related xanthones and benzophenon@; a few showed signifi- 
cant activity. One of these was also tested in uiuo against Ehrlich 
ascites tumor. Four hydroxyxanthones isolated from a polar ex- 
tract sf Mammea americana L. (Guttiferae) seeds did not account 
for the activity of the extract. The results of two antibqctenal 


A previous paper (I) described the isolation and 
structure determination of a variety of coumarin de- 
rivatives from mamey oil (the dewaxed petroleum ether 
extract of Mammea americana L. seeds) and reported 


assays for a few of these compounds are also presented. 


Keypbrpses 0 Mammea americana L.-xanthone constituents and 
related benzophenones. antitumor and antibacterial activities 0 
Xanthones-from Mammea americana L., antitumor and anti- 
bacterial activities 0 Benzophenones-antitumor and antibacterial 
activities 


the significant antitumor activity (against Sarcoma 180) 
of the extract as well as that of a number of the con- 
stituent coumarins. During these studies the more polar 
extract, obtained by extraction of the seed residue with 
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Constituents of Cannabis sattva L. II: 
Absence of Canfiabidiol in an African Variant 


CARLTON E. TURNER’ and KATHY HADLEY 


Abstract 0 Cannabidiol is shown to be absent in an African variant 
of Cannabis sariua L. (marijuana) grown in Mississippi. TLC, GC, 
and GC-mass spectrometry were used for identification. The 
absence of cannabidiol in a variant of African Cannabis questions 
the validity of published biosyntheses of the cannabinoids. 


Keypluases 0 Cannabis satiw L., African variant grown in 
Mississippi-absence of cannabidiol, cannabinoid biosynthesis 
questioned 0 Cannabidiol absence in African C. sariw grown in 
Mississippi-role in cannabinoid biosynthesis questioned 0 Bio- 
synthesis of cannabinoids-questioned due to absence of canna- 
bidiol in African C. satiua grown in Mississippi 


De Faubert Maunder (1) reported that cannabidiol is 
definitely absent in some samples of Cannabis and put 
forth the hypothesis that Cannabis plants grown south 
of the Sahara may have a different biogenesis from 
plants grown in the Middle East. Moreover, Korte el al. 
(2) reported an absence of cannabidiol in extracts of 
hashish from Cyprus, Nigeria, and Brazil. These hashish 
samples were obtained from plants grown using seed 
obtained from the United Nations and coded as UNC- 
33, 59, and 61, respectively. Additionally, Schou and 
Nielsen (3) reported zero for the extinction maximum 
(nm.) for the azo-dye derivative of cannabidiol from 
extracts of Indian, Brazilian, and UNC-135 Cannabis. 
Schou and Nielsen also reported that South African 
Cannabis from UNC-134 seed stock grown in Denmark 
contained only traces of cannabidiol regardless of the 
plant part analyzed. Although the aforementioned Can- 
nabis preparations were analyzed primarily by TLC, 
Vree et al. (4) used combined GC-mass spectrometry to 
ascertain that a Brazilian sample of Cannabis contained 
no cannabidiol. 


Samples analyzed by De Faubert Maunder (l), Korte 
et al. (2), Schou and Nielsen (3), and Vree et al. (4) 
contained measurable amounts of ( -)-As-irans-tetra- 
hydrocannabinol and cannabinol. Korte et al. also 
reported that UNC-33,59, and 61 contained measurable 
amounts of tetrahydrocannabinol 11, which has since 
been identified as cannabichromene (5, 6). Vree et a/. 
noted that the propyl derivative of cannabinol and 
cannabichromene could not be easily separated by GC 
but that the propyl derivative of cannabinol could be 
easily identified because of its characteristic mass frag- 
ments at 282 and 267. Although one published report (6) 
gives slightly different retention times for cannabidiol 
and cannabichromene, this laboratory and others (7) 
have been unsuccessful in obtaining a neat separation 
of cannabidiol and cannabichromene using only GC. 
Therefore, three cannabinoids (cannabichromene, can- 
nabidiol, and cannabivarin l) are practically impossible 


to identify using relative retention times only. This fact, 
as well as the appatent absence of cannabidiol but pres- 
enceof cannabichromene incertain samples of Cannabis, 
prompted an investigation of this problem using TLCj 
GC, and combined GC-mass spectrometry. 


Additionally, it seemed Worthwhile to examine De 
Faubert Maunder’s (1) proposal that a “different bio- 
genesis” than that originally proposed by Todd (8) and 
Simonsen and Todd (9) and modified by Mechoulam 
(10) and Mechoulam and Gaoni (1 1) may be operative in 
certain “subspecies of cannabis.” Although Schou and 
Nielsen (3) did not Suggest that a different biogehesis 
may be operative in certain variants of Cannabis, they 
did state that “the insignificant content of cannabidiol 
seems to be a characteristic feature” of UNC-134 from 
South Africa. To ascertain if, indeed, cannabidiol is 
absent in a particular variant of Cannabis, several vari- 
ants grown in Mississippi from known origin were 
investigated. 


METHODS 


The samples used were grown in Mississippi from seed obtained 
through the National Institute of Mental Health (NIMH), the U. S. 
Department of Agriculture (USDA), and the United Nations (UN). 
The plant materlal was grown in Mississippi in 1970, 1971, and 
1972. Samples were taken of various aged plant material. Each 
sample, containing aboveground plant parts, was taken from four 
different plants and dried at  22 f 2’ for 4 days. They were mclni- 
cured by passing the material through a 14-mesh sieve; this process 
removed all large stems and fruits. 


GC Analyses-The extraction procedure was basically that de- 
scribed by Lerner (12) and Fetterman er PI. (13) with minor modi- 
fications. Three 1-g. samples were extracted simultaneously with 
40 ml. of spectrograde chloroform. The resulting solutions were 
refrigerated at 6” and shaken at 10-min. intervals for 1 hr.; the plant 
material then was removed by filtration, and the mother liquor was 
concentrated in DOCUO at ambient temperature to a greenish paste 
void of solvent. This concentrate was then dissolved in approxi- 
mately 1 ml. of ethanol. The ethanollc solution was subjected to 
continuous vibration from an ultrasonic vibrator until all resin 
was in solution. At this point, an additional 0.5 ml. of an ethanolic 
solution of 4-androstene-3,17-dione was added as the internal stan- 
dard. The concentration of the internal standard required will vary 
depending upon the age of the plant material. Usually from 0.05 
to 0.5 pl. of this solution was iqjected into the chromatograph. 


Analyses were performed using gas chromato&aphs* equipped 
with hydrogen flameionization detectors and operated isother- 
mally a t  210’. The inlet temperature and detector temprature were 
240 and 260°, 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 2X OV-17 (high 
purity polar phenyl methyl silicone; approximately u),OOO mol. 
wt.) on 100-120mesh Chromosorb “WHP.” Nitrogen was used 
as the carrier gas at a flow rate of 10-30 ml./min., depending upon 
separation requirements, erc. Peak area measurements were made 
using the method of peak height times width at  half height. The 
peak area of each cannabinoid was compared with the peak area 
of the internal standard, and the cannabinoid concentration was 


1 n-Propyl homolog of cannabinol. (See References IS, 22, and 23.) 2 Beckman GC-45 and GC-12-5. 
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Table t-Analma of South African (A-A) C. satioa L. Table II-Relative Retention Times of Cannabinoidso 


v 
Genera- Age, i d  


tion Sex weeks XI VII XI11 VI VIII 


Relative 
Retention 


Tim@ 


First MixtwP 16 0.17 0.11 Trace 1 . a  0.03 
Secohd Mixture 16 0.05 0.27 0.02 1.18 0.03 
Third Young' 9 0.12 0.06 0.15 0.84 0.05 


0 Key: V. tetrahydrocannabivarin; XI cannabicyclol ; VII, cannabi- 
chromene; X111, cannabigerol monomethyl ether; VI, A'4etrahydro- 
cannabinol; and VIII, cannabigerol. b Contains mature male.and female 
plants. e Plant material analyzed prior to sexual differentiation. 


determined by using the appropriate relative response factor. 
Synthetic cannabinoids used in determining the relative response 
factors were obtained through NIMH. 
TLC (Qualitative)-Extracts for TLC were prepared as de- 


scribed for aC with the exception of adding the internal standard. 
Plated were premated with 0.25 mm. of silica gel G* without fluores- 
Cent indicator. Plates were then impregnated according to the p r e  
cedure described by Korte and Sieper (14), using dimethylforrn- 
amide in carbon tetrachloride at a ratio of 6:4. Development was 
in saturated chambers to a height of 15 cm. above the starting 
point. The temperature of the room used for thin-layer work was 
maintained at 20 f 1 '. Relative humidity was maintained at 50-60 % 
by a dehumidifier'. The solvent systems were: (1) cyclohexane (14), 
using the procedure described by Merkus (15); (2) hexane-toluene 
(3 :2); (3) hexane-xylene (3: I ) ;  (4) hexane-xylene-acetone at 
various ratios; (5) ethyl acetate-hexane (1 : 1) (16); and (6) petroleum 
ether-ether (4:l) as described by Machata (17). Fast Blue Salt B' 
was the spray reagent (0.5% aqueous solution). 


k c a r b o x y l s t e d .  
c. : F r e l h l y  Dried - P l a n t  Y n t e r i a l  


Figure 1-Thin-layer chromatogram of South African (A-A) C. 
sativa L. plate was impregnated with, dimethylformamlde and de- 
veloped twice with petroleum ether-ether ( 4 : l ) .  Spray reagent was 
Fast Blue Salt 8, 0.5% aqueous solution. Key: I ,  origin; 11, can- 
nabigerdic acid (orange); I l l ,  ( -)-AO-trans-tetrahydrocannabi- 
oarin ic acid (red); IV, ( -)-Ac-trans-tetrahydrocannabindic acid 
(red); V, (-)-AO-trans-tetmhydrocunnabivarin (red); VI, ( -)-A0- 
tran s-tetrahydrocannabinol (red); VII, cannabichromene (Violet); 
V I I I ,  cannabigerol (orange); I X ,  cannabioarin (videt); X ,  cannabinol 
(Diolet); X I ,  cannabicycld (red): and XU,  cannabidid (orange). 
(*Material was prepared by heatinH the plant material at 100" for I 
hr.) 


~~ 


Olivetol. 
Cannabidivarin 
Tetrah drocanhabivarin 
cannagicyclol 
Canriabichromene 
Cannabivarin 
Cannabidiol 
Cannabigerol monomethyl ether 
A*# 11-Tetrahydrocannflbinol (exocyclic) 
A*-Tetrahydromnnab!nol 
A'-Tetrahydrocannabinol 
Cannabigerol 
Cannabinol 
4-Androstene-3,17-dione 
Unknown 
Unknown 
Unknown 


0.04 
0.18 
0.26 
0.26 
0.34 
0.34 
0.34 
0.38 
0.41 
0.44 
0.49 
0.57 
0.63 
1 .oo 
1.18 
1.29 
1.38 


0 CAndrostene-3.17-dione was used as the internal standard. b Rela- 
tive retention times were calculated us$g synthetic cannabinoids and 
Cannabis plant material. Column condltlons were described previously 
under Methods section. 


W-Mm Spectrometry-A gas chromatograph8. equipped with 
a hydrogen flame-ionization detector, in combination with a high- 
resolution mass spectrometer7, equipped with a jet separator for 
sample enrichment, was utilized. A stainless steel column, 0.31 cm. 
(0.125 in.) 0.d. X 1.52 m. (5 ft.) packed with 27, OV-17 on Supel- 
coport was used as previously described. Helium was the carrier 
gas, and the mass spectrometer was operated at 70 ev. 


RESULTS AND DISCUSSION 


Cannabichromene, referred to as tetrahydrocannabinol 11 by 
Korte et al. (2). has been isolated and characterized by several 
researchers (5, 18-20). The biological activity has also been studied. 
Gaoni and Mechoulam (19) originally reported that cannabichro- 
mene was active in the dog assay. Later Isbell er al. (20) reported 
that they observed no activity in humans. Mechoulam er al. (21) 
concluded that, except for (- >AO-tr~~-tetrahydronnab~ol ,  
there was no active constituent in a sample of hashish analyzed to 
contain 0.1% cannabichromene. To minimize conflicts in this 
report, only variant(s) of Cannabis from known geographical 
origin wete investigated. In each case the three investigative methods 
previously described were employed. 


Since most previous reports pertaining to the absence of can- 
nabidiol and/or the presence of cannabichromene ( 1 4 )  were from 
parts of Africa or B r a &  it was decided that a variant of Cannabis 
from South Africa would best Serve as a vehicle for: ( a )  ascertain- 
ing if there is a total absence of cannabidiol in a certain variant 
of Cannabis and (b) exploring the possibility of a potential "dif- 
ferent biogenesis" for certain variants of Cannabis. 


Three successive generations of South African Cannabis (UNC 
255). coded as A-A, were grown in Mississippi in 1970, 1971, and 
1972. samples of the young material were taken in 1970 and 1971 
prior to and after sexual maturity; in 1972, samples were taken each 
week. Each sample was prepared for analysis as previously de- 
scribed. 


TLC was carried out routinely, as was GC, on fresh plant mate- 
rial from the 1972 plantings. The thin-layer systems previously 
mentioned were utilized; however, the system of petroleum ether- 
ether at a ratio of 4: 1 gave best results in these laboratories. Plates 
impregnated with dimethylformamide in carbon tetrachloride at  a 
ratio of 6:4, as described by Korte and Sieper (14), were removed 
from the storage tank and dried approximately 1 min. with an air 
blow& set on cool. The plate was spotted 1.5 cm. from the bottom 
and was then placed in the developing tank. Usually the time period 
from removal of the plate to imtnersion in the developing tank was 


I Merck. 
6 Merck. 
Sears Coldspot. 
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7 Du Pont 21-492; 
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Figure 2 4 a )  Thin-layer chromatogmm of A-A decarboxylated 
plant material. Plate was impregnated with N,N-dimethylformamide. 
Sdwnt system was the same as described for Fig. 1. (b) Thin-layer 
chromatogram of A-A decarboxylated with synthetic cannabidiol 
d e d .  Plate was developed according to procedures described for 
Figs. I and 2a. (c) Thin-layer chromatognun of A-A decarboxylated 
plant material (right) and decarboxylated plant material with syn- 
thetic cannabidid (left). Plate was dewloped as described for pre- 
ceding figures. Plate was not impregnated with N,N-dimethylforma- 
mlde. 


no more than 10 min. The plates were developed one time, air dried 
for 1 min., replaced in the chamber, and developed a second time 
with subsequent air drying for 1 min. The plate was then sprayed 
with a 0.5% solution of Fast Blue Salt B in water. 


Merkus (15, 22. 23) used cyclohexane as the developing solvent 
and developed each plate three times to obtain excellent separation. 
However, in our hands the petroleum ether-ether system afforded 
comparable separation at approximately half the time. In addition, 
impregnated plates in these laboratories showed no evidence to 
indicate destruction of the impregnation as was previously observed 
(3). 


Evidence was found to support the contention by Merkus (15) 
that hydrogen bonding between the stationary phase, dimethylform- 
amide, and the phenolic group of the cannabinoids was stronger 
in the n-propyl homologs than the wamyl. Moreover, when hexane- 
toluene in a ratio of 55:45 was used to separate the acids of (-> 
A@'-tms-tetrahydrocannabinol and (- )-AO-trans-tetrahydron- 
nabivarin', hydrogen bonding was more pronounced in the propyl 
homolog. Tentative evidence indicates that the n-propyl homologs 
undergo decarboxylation slower than the n-amyl; however, the 
n-propyl homologs tend to oxidize easier. More data will be forth- 
coming on this subject. 


The thin-layer chromatogram of African Cannabis, using im- 
pregnated plates with petroleum ether-ether as described by Merkus 
(1 5 )  and De Zeeuw et al. (24,25), shows a distinct, elongated spot for 
( - >A@-tranptetrahydrocannabinolic acid and ( - )-AWans-tetra- 
hydrocannabivarinic acid. Other acids of the cannabinoids are near 
the origin (Fig. 1). Additionally there are spots for the neutral 
decarboxylated cannabinoids. Cannabichromene is located near 
the solvent front followed by (- >A@-trans-tetrahydrocannabinol 
and (-)-A'-trans-tetrahydrocannabivarin. N o  cannabidiol is ob- 
served. Additionally, when all cannabinoids are decarboxylated to 
their neutral derivatives (Figs. 1 and 2a), cannabidiol is sti l l  unde- 
tectable. However, when cannabidiol is added to the sample, a 
corresponding spot is observed (Fig. 26). 


When utilizing the same solvent system with unimpregnated 
plates, cannabidiol is near the solvent front (24, 25). In Fig. 2, a 


8 n-Propyl homolog of (- >A'-trans-tetrahydroannabinol. 


sample enriched with camabidiol is compared with a sample of 
regular plant material. Although thin-layer evidence strongly sug- 
gests that cannabidiol is absent in African Cannabis grown in 
Mississippi, the sample was then subjected to furthex analysis by 
Gc. 
GC analyses of the first, second, and third generations of African 


(A-A) Cannabis showed some fluctuation in the cannabinoid con- 
tent (Tnble I). The possibility that hybridization caused some 
juxtaposition of the Mnabinoids cannot be overlooked, since there 
were no major attempts to prevent cross-pollinatlon of the growing 
area. However, simik Variants were grown in the same area taking 
advantaw of the prevailing winds. Certain variants were planted 
prior to others to mininlize further cross-pollination. Figure 3, a 
chromatogram of the second generation, is typical of the African 
variant and contains a peak corresponding to cannabidiol. The 
dotted overlay represents the increase in intensity of the peak nor- 
mally attributed to cannabidiol when spiked with synthetic can- 
nabidiol. At Rrst, this would seem to indicate that cannabidiol is, 
indeed, present in plant material from Africa; however, Table I1 
of the relative retention times show cannabidiol, cannabichromene, 
and cannabivarin m, for all practical purposes, inseparable under 
the chditions stated previously. Therefore, the sample was sub 
jected to combined GC-mass spectrometry analysis. 


The mass spectra data obtained from A-A plant material is given 
in Table 111. Spectra of synthetic cannabidiol and cannabichromene 
were used as standards. The absence of a signitlcant m/e at 286,260, 
259,246,229, and 230 from the plant material is indicative of an 
absence of cannabidiol. Cannabidiol has an mle 246 of strong in- 
tensity, which was very hard to distinguish from background noise 
in A-A. Present in the plant material were mle 267, 257, and 243; 
all were found in synthetic cannabichromene but were absent or 


B 


D 


African Variant 


- - - - _  _ - _  African Variant 
Synthetic  Cannabidiol 


C 


Figure 3-Chmnatogmm of African C. sativa L. coded A-A (second 
generation). Key: A,  ( -)-Ao-trans-tetrahydrocannnbioarin andlor 
cannabicyclel; B, cannabidiol, cannabichromene, cannabivarin, or 
any combination of these cannabinoids (in this variant, only CM- 
nabichromene is present); C, cannabigerol monomethyl ether; D,  
( -)-AYrans-trtrahydrocanMbinol; E, cannabigerol; F, cannabind: 
and G, 4-androstene-3J7-dione (internal standard). 
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Table III-Mass Spectra Data' 


XI1 
VII 


A-A 


260 259 258 - 2 4 6 -  232 231 230 229 
314 299 - n i  267 - - 258 257 - 243 232 231 - - 314 299 286 271 - 
314 299 - 271 267 - - - 258 257 243 232 231 - 


~ 


a Data obtained from combined GC-mass spectrometry aa described under Metho& axtion. * Key: XII, cannabidiol; and VII, cannabichromene. 


insignihnt in cannabidiol. The molecular ion for both cannabidiol 
and cannabichromene was at m/e 314 and the base peak was at  
m/e 231. These data correspond to published data for cannabidiol 
(26) and cannabichromene (5). Additional m a s  spectra data on the 
cannabinoids can be found in Refenenees 27-31. 


Thus, TLC a d  GC-mass spectrometry indicate that each genera- 
tion of the African variant (A-A) grown in Mississippi does not 
contain cannabidiol but rather contains cannabichromae, which 
can easily be erroneously reported as cannabidiol using only con- 
ventional GC methods. Moreover, from past experiences, TLC 
methods, even with pure reference standards, cannot be used in- 
dependently to identify cannabinoids positively. For positive identi- 
fication, it is best to use a combination of the three investigative 
tools described. 


In continuation of the investigation of the cannabinoids in A-A, 
several interesting observations were made. Table I contains the 
percent of cannabinoids analyzed from A-A using GC after the 
constituents were identilied by GC-mass spectrometry. As pre- 
viously mentioned. the cannabinoid content does fluctuate from the 
first through the third generation when grown in Mississippi. 


Analyses reported for the fvst and second generations of A-A 
were at 16 weeks, and the one for the third generation was at 9 weeks. 
Published (32) and unpublished reports from these laboratories 
showed that the cannabinoid content of different variants of Can- 
nabis varies with age; thus, the fluctuation of major cannabinoids can 
be explained as a factor of age and/or possible hybridization. How- 
ever, the increase in cannabigerol monomethyl ether from the first 
through the third generation cannot be adequately explained. Mass 
spectral data of the peak in Fig. 3 labeled cannabigerol monomethyl 
ether do match the data published by Yamauchi et al. (33). The 
molecular ion at m/e 330 corresponds with the fragmentation 
described by Yamauchi er af. 


Additionally, the peak (Fig. 3) labeled (-)-A*-trans-tetrahydro- 
cannabivarin and cannabicyclol in this variant (A-A) was a mixture. 
Cannabicyclol is formed from cannabichromene (34) and could 
possibly be the product of cyclization in the injector port of the 
gas chromatograph. Moreover, cannabicyclol is formed when a 
fresh sample of Cannabis is heated (Fig. 1). Tentative data seem 
to indicate that samples containing cannabichromene and can- 
nabidiol can be qualitatively analyzed by cyclization of the can- 
nabichromene to cannabicyclol while cannabidiol, in these labora- 
tories, remains unchanged. 


( - )-Ao-trMs-Tetrahydrocannabivarin was originally reported by 
Gill er af. (35) to be a constituent in the tincture of Cannabis. Later, 
Fetterman and Turner (30) reported its presence in a variant of 
Indian origin grown in Mississippi. (-)-A'-tmns-Tetrahydro- 
cannabivarin has been observed in several variants grown in Mis- 
sissippi and is probably present in most C. satioa L. samples in 
varying amounts. Additionally, as with most cannabinoids, the 
n-propyl homologs exist in fresh plant material as their carboxylic 
acid derivatives. Decarboxylation of fresh plant material containing 
(-)-AO-rrMs-tetrahydroabivarinic acid, by heating at 100' 
for 1 hr., produced (-)-A0-tr4nr-tetrahydrocannabivarin and 
cannabivarin. 


According to the published biogenesis of Cannabis (8-11), it is 
very improbable that cannabidiol could be absent in any plant 
sample; moreover, by using the three investigative tools described 
herein, it is highly unlikely that cannabidiol could be present and 
remain undetected. Thus, until adequate biogenesis experiments 
using tagged materials are reported, it is the contention of these 
authors that three possibilities exist: 


1. A different biogenesis is operative in the African (A-A) 
and possibly other variants of Cannabis. 


2. An error exists in the accepted structure of cannabichrornene. 
3. An enzymatic system is operative in certain variants that 


facilitates a concomitant allylic rearrangement of hydroxycan- 


nabigerol and cyclization of the rearranged intermediate to ( - >Ac- 
trans-tetrahydrocannabinol, bypassing or preventing the detection 
of cannabidiol. Numbers one and three are the most logical, whereas 
number two appears to be very remote. 


SUMMARY 


Cannabidiol is absent in a South African (A-A) variant of C. 
sarioa L. obtained from seed stock UNC-225 furnished by the UN 
and grown in Mississippi. Three investigative tools were employed 
in a concerted effort to obtain physical data on the presence of 
cannabidiol without any positive results. Canaabichromene was 
found to be present in A-A and was cyclized to cannabicyclol by 
heating at 100' for 1 hr. When analyzed only by GC, cannabi- 
chromeae, cannabidiol, and cannabivarin can easily be erroneously 
reported since they have the same relative retention time. 


The absence of cannabidiol in a variant of Cannabis indicates 
the need for biogenesis experiments using tagged intermediates. 
The biogenesis currently accepted is not adequate without can- 
nabidiol serving as an intermediate in the synthesis of ( - )-As-rrons- 
tetrahydrocannabinol. 


REFERENCES 


(1) M. J. De Faubert Maunder, J. Ass. Pub. Anal., 8,42(1970). 
(2) F. Korte, H. Sieper, and S .  Tira, Buff. Narcotics, 17, 35 


(3) J. Schou and E. Nielsen, U.N. Secretariat Document, St/ 


(4) T. B. Vree, D. D. Breimer, C. A. M. van Ginneken, and 


(5) U. Claussen, F. von Spulak, and F. Korte, Tetrahedron, 22, 


(6) R. Mechoulam and B. Yager, Tetrahedron Lert., 1969, 


(7) K. H. Davis, Jr., N. H. Martin, C. G. Pitt, J. W. Wildes, and 


(8) A. R. Todd, Experienria, 2, 55(1946). 
(9) J. Simonsen and A. R. Todd, J. Chem. Soc., 1942,188. 


( 1965). 


Soa/Ser.S/, 22 (1970). 


J. M. van Rossum, J. Pharm. Pharmacol., 23,7(1972). 


1477(1966). 


5349. 


M. E. Wall, Uoydfa, 33,403(1970). 


(10) R. Mechoulam, Science, 168, 1159(1970). 
(11) R. Mechoulam and Y. Gaoni, Fortschr. Chem. Org. 


Naturst., 25, 175(1%7). 
(12) P. Lerner, Bull. Narcotics, 21, 39(1969). 
(13) P. S. Fetterman, E. S. Kbith, C. W. Wder ,  0. Guerrero, 


N. J. Doorenbos, and M. W. Quimby, J .  Pharm. Sci.. 60, 1246 
(1971). 


(14) F. Korte and H. Sieper, J. Chromatogr.. 13,90(1964). 
(15) F. W. H. M. Merkus, Nature, 323,579(1971). 
(16) Y. Shoyama, T. Yamauchi, and I. Nishioka, Chem. Pharm. 


(17) G. Machata, Arch. Toxikd., %, 19(1969). 
(18) G. Cardillo, R. Cricchio, and L. Merlini, Tetrahedron, 24, 


(19) Y. Gaoni and R. Mechoulam, J. Amer. Chem. Soc., 93, 


(20) H. Isbell, C. W. Gorodetzsky. D. Jasinski, U. Claussen, F. 


(21) R. Mechoulam, A. Shani, H. Edery, and Y. Grunfeld, 


(22) F. W. H. M. Merkus, Chem. Weekbl., 66,23( 1970). 
(23) F. W. H. M. Merkus, Pharm. WeekM., 106,49(1971). 
(24) R. A. De Zeeuw, T. H. M. Malingre. and F. W. H. M. 


Merkus, J. Pharm. Pharmacd., 24, 1 (1972). 
(25) R. A. De Zeeuw, J. Wijsbeek, D. D. Breimer, T. B. Vree, 


C. A. M. van Ginneken, and J. J. van Rossum, Science, 175, 788 
(1972). 


Bulf., 18,1327( 1970). 


4825(1968). 


217(1970). 


von Spulak, and F. Korte, Psychophannacdogla, 11,184(1%7). 


Science, 169,611 (1970). 


254 0 Journal of Pharmaceutical Sciences 







(26) U. Claussen, H. W. Fehlhaber, and F. Korte, Tetdedmn, 


(27) U .  Claussen and F. Korte, Tetrahedron. Suppi., 7,89(1966). 
(28) F. von Spulak, U. Claussen, H. W. Fehlhaber, and F. 


Korte, Tetrahedron, 24,5379(1968). 
(29) T. B. Vree, D. Q. Breimer, C. A. M. van Ginneken, J. M. 


van Rossum, R. A. De Zeeuw. and A. H. Witte, Cfin. Chlm. Acta, 
37,365(1970). 


(30) P. S. Fetterman and C. E. Turner, J. Phann. Sci., 61, 1477 
(1972). 
(31) H. Budzikiewicz, R. T. Alpin, D. A. Lightner, C. Djerassi, 


R. M. Mechoularn, and Y. Gaoni, Tetrahedron, 21,1881(1%5). 
(32) C. E. Turner, NIMH Contract No. HSM-42-7G109, 


Quarterly Reports, Dec. 1971 and Mar. 1972. 
(33) T. Yamauchi, Y. Shoyama, Y. Matsuo, and I. Nishioka, 


Chem. Pharm. Bull., 16, 1164(1968). 
(34) L. Crombie, R. Ponford, A. Shani, B. Yagnitinsky, and R. 


Mechoulam, Tetrahedron Lett., 1968,5771. 


22,3535(1966). 
(35) E. W. Gill, W. D. M. Paton, and R. G. Pertwee, Nature, 228, 


123(1970). 
ACKNOWLEDGMENTS AND 


Received July 27,1972, from the Department of Phannucognosy, 
Resemh institute of Pharmaceutical Sciences, S c h d  of Pharmacy, 
Uniwrsity of Mississippi, Uniwrsity, MS 38677 


Accepted for publication August 30, 1972. 
Presented in part to the American Society of Pharmeco~oosy, 


Columbus, Ohio, July 1972. 
Supported by Contract HSM-42-70-109 from the National 


Institute of Mental Health and by the Research Institute of Phar- 
maceutical sciences. 


The authors thank Dr. John K. Baker and Mr. Gerald Natarelli 
for assistance in obtaining the mass spectra, Professor Norman J. 
Doormbos and Professor Maynard Quimby for obtaining seeds, 
and Mrs. Judy Robison for her technical assistance. 
A To whom inquiries should be directed. 


Production of Hypertension with Desoxycorticosterone 
Acetate-Impregnated Silicone Rubber Implants 


H. S. ORMSBEE, 111, and C. F. RYAN' 


Abstract 0 A simple method for the production of drug-impregnated 
silicone rubber implants for sustained-release drug administration 
is described. This method involves incorporating the drug in un- 
polymerized silicone rubber, adding catalyst, and casting the 
drug-silicone rubber mixture in a hemicylindrical shape in a meth- 
acrylate mold. The utility of this method was investigated with 
desoxycorticosterone acetate. Desoxycorticosterone acetateimpreg- 
nated silicone rubber implants were inserted subcutaneously in 
rats, unilateral nephrectomy was performed, and the rats were 
maintained on 1% sodium chloride solution in place of drinking 
water. Systolic blood pressure was determined by an indirect tail 
CUR method. Rats receiving doses of desoxycorticosterone acetate, 
ranging from 50 to 500 mg./kg., developed hypertension within 3 
weeks. Desoxycorticosterone acetate in a dose of 100 mg./kg. a p  
peared to be most suitable for inducing sustained hypertension. 
The advantages of this method for the production of experimental 
hypertension and the general applicability of this method for sus- 
tained-release drug administration are discussed. 


Keyphrasea 0 Desoxycorticosterone acetateimpregnated silicone 
rubber implants-preparation, used to induce hypertension, rats 
IJ Silicone rubber implants, desoxycorticosterone acetate impreg- 
nated-preparation, used to induce hypertension, rats 0 Hyper- 
tension-induced by desoxycorticosteroneimpregnated silicone 
rubber implants, rats 0 Implants, desoxycorticosterone acetate- 
impregnated silicone rubber-preparation, used to induce hyper- 
tension, rats 


Dimethylpolysiloxane has been shown to be inert in 
the presence of many chemicals and to be well tolerated 
by biological tissues following intradermal or sub- 
cutaneous administration (1). For these reasons, di- 
methylpolysiloxane and other types of silicone rubber 
have found wide application as tissue prostheses and, 
more recently, as an experimental means of sustained- 
release drug administration. In 1965, Bass et al. (2) 


demonstrated a prolonged pharmacological response 
following the subcutaneous administration of atropine 
encapsulated in segments of silicone rubber tubing. 
Dziuk and Cook (3) reported that subcutaneous ad- 
ministration of melengestrol acetate encapsulated in 
silicone rubber tubing or sheeting was a suitable method 
for the inhibition of estrous in ewes. Numerous in vitro 
studies (3-5) demonstrated that a variety of steroids are 
able to diffuse through silicone rubber barriers. 


Chang and Kincl (6) compared the effectiveness of 
megestrol acetate as a function of the route of ad- 
ministration. They observed that subcutaneous im- 
plantation of segments of silicone rubber tubing con- 
taining megestrol acetate was the most efficacious mode 
of administration; from 6 to 25 times less steroid was 
needed to produce comparable biological effects. Later, 
Chang and Kincl (7) presented further evidence in- 
dicating that the effectiveness of subcutaneous ad- 
ministration of steroids encapsulated in silicone rubber 
is much greater than conventional subcutaneous ad- 
ministration of steroids in oil. 


A review of this literature suggested that a modi- 
fication of these procedures might be a convenient 
method of drug administration for the production of 
experimental hypertension in rats. Studies are cur- 
rently in progress in this laboratory to evaluate the 
antihypertensive activity of a series of grayanotoxin ana- 
logs. To evaluate antihypertensive activity properly, it 
is necessary to conduct the studies in hypertensive 
animals. Hypertension may be produced in rats by a 
variety of procedures. One convenient procedure in- 
volves unilateral nephrectomy, chronic administration 
of desoxycorticosterone acetate, and maintenance of 
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Table II-MA0 Inhibitory Activity Evaluation of Hydrszides 
(Structures A and B) 


p4 


A 
6 
B 


Oral Activity H~xobarbital- 
Dose, Priorto Meap Body Temperature (f SE) I n d d  Sleep 
mok/ Resapine Row -kResapine(2 /kg.) . ing Time, 2%. 24 hr. min.. 


corn R 
pound (Structure A) kg. (2mg./kg.) Score Ohr. 4 hr. 


Control* 
IIIU 
IIIb 
IVb 
IIIC 
V 
vi 


VLI 
VIII 
ix 


Isocarbox- 
azid 


"H, 
NHNHCH. 
Structure B- 
NHNHCSJs 
N H N S H C S J s  
NHN=CHC& 
N H N d H C H a  
NHNHCHESJs 
NHNHCH(CH& 


Normal 
0.275 Increasd 
0.275 I d  
0.275 Inmased 
0.275 Increased 
0.275 Increased 
0.275 I d  
0.275 Increased 
0.275 Incnased 
0.275 Increesed 
0.1375 Increased 


3.75 
2.50 
2.90 
2.66 
2.00 
2.00 
2.50 
2.60 
2.33 
1.83 
0.50 


35.8 f 0.2" 29.9 * 0.4" 
35.7 I O . 3 "  32.7 f 0.3:  
3 6 . 1 f 0 . 2 "  31 .5*0 .1  
35.9 f 0.1" 
36.5 f 0.3" 


32.2 f 0.5" 
32.5 f 0.2" 


3 6 . 3 f 0 . 3 "  3 2 . 6 f 0 . 4 "  
35.7 f 0.1 " 32.6 * 0.3 " 
35.2 f 0.4" 32.0 f 0.5" 
35.9* 0.1" 3 1 . 8 1  0.3" 
3 5 . 6 f  0.2" 32.6& 0.2" 
3 5 . 6 f  0.5" 34.2 f 0.1" 


2 6 . 3 f 0 . 2 "  2 6 . 6 f 0 . 5 "  
31.9 f 0.4" 30.6 f 0.5" 
3 1 . 0 f  0.4" 3 3 . 6 f 0 . 6 "  
30.9 f 0 . 3 "  28.9 f 0.4" 
2 9 . 4 f 0 . 5 "  32.1 f 0 . 3 "  
29.7 f 0.6" 30.2 f 0.5" 
3 1 . 6 f  0.3' 3 2 . 7 f 0 . 7 "  
2 9 . 6 f 0 . 5 "  30.6*0.3" 
2 9 . 2 f 0 . 6 '  3 1 . 4 f 0 . 5 "  
30.8 f 0.4" 32.4 * 0.3" 
36.7 f 0.4" 35.2 f 0.4" 


8.3 f 0.3 
15.2 f 0.2 
12.7 f 0.3 
13.4 f 0.4 
19.7 f 0.1 


14.9 f 0.2 
12.9 f 0 . 1  
17.6*0.3 
22.0 f 0.2 
11.0* 0.1 


20.3 *0 .3  


Hexobarbital was given in? $ton+y (5.5 mg. kg.) 2 hr. after intubation of the test compound. b Control implies reserpine in ptodr and 
hypotherrma test and hexobarbizm rleepq tune prkngalon tact. 


(1) J. Nematollahi and J. R. Nulu, J. Med. Chem.. 12,43(1969), 


(2) J. R. Nulu and J. Nematollahi, ibid., 12,804(1969). 
(3) R. G. J0nu.J. Amer. G e m .  Soc., 78,159(1956). 
(4) J. R. Nulu and J. Nematollahi, Tetruhedm Lett., 1969, 


(5 )  R. M. Izatt, J. J. Christensen, and J. H. Tytting. Chem. Re&, 
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Synthesis and Anticancer Activity of 
5- (Propargylox y me th y 1) -2-oxazolidinones 


R. B. FUGITT and L. C. MARTINELLI' 


AbstradnTo determine the feasibility of producing a tkuc- 
specific anticancer agent, a series of Z-oxazolidinones bearing an 
alkynoxymethyl side chain in the %position was prepared. These 
compounds were submitted to the National Cancer Institute for 
testing against L1210 and/or P-388 tumor test systems. None of 
the compounds showed significant anticancer activity. The syn- 
thetic procedures and NMR spectral properties of the title corn- 


Interest in carbamates bearing an acctylenic function 
developed from an interest in tissue- or organ-specific 
anticancer agents, particularly those specific for the 
CNS. The investigation of the title compounds stems, 
in part, from the work of Dillard ef ul. (1) who 


pounds are described. 


K e y p b . r a  0 Y P r o p ~ ~ l o x y m e t h y l ) - 2 - o x ~ ~ ~ n o ~ ~ ~ t h e s ~ ,  
mecncd for anticancer activity 0 2-0xazo1idin0nes. Ypropar- 
gyloxymethylt-synthesis, scrccned for anticancer activity 0 Anti- 
cancer agents, potential-synthesis and screening of Ypropar- 
gyloxymethyl)-2-ox~lidinones 


first demonstrated the oncolytic action of propargyl 
carbamates against plasma cell tumor X-5563 and the 
atypical myelogenous leukemia C- 1498. Among the 
structure-activity relationships they observed was the 
necessity of the ethynyl moiety for significant oncolytic 
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Scheme I-& Table I for R-group identification 


activity. In addition, carbamates, especially ethynyl- 
methyl carbamates, are known to be potent CNS de- 
pressants (2), thus indicating that they are readily 
transported across the blood-brain barrier. With the 
intent of screening new chemical entities with potential 
anticancer activity, the title compounds (Table I), 
bearing both an ethynyl and a carbamate function, were 
synthesized and subjected to anticancer screening. 


Additional impetus to study 2-oxazolidone ring com- 
pounds stems from observations that the potent anti- 
cancer agent 1,3-bis(2-chloroethyl)-I -nitrosourea de- 
composes in water to a A'-oxazoline derivative (3). 
Similarly, the active N-acylethyleneimines readily re- 
arrange to A2-oxazolines (4). 


The title compounds were synthesized by reported 
techniques, and their identification was achieved in 
part by comparison of NMR data with a compound with 
known ring stereochemistry. The six' compounds were 
subjected to preliminary anticancer screening against 
L-1210 lymphoid leukemia and/or P-388 lymphocytic 
leukemia. Screening data are only available for I-IV; 
none showed significant activity in these systems. 


CHEMlSIRY 


Cornpounds I-IV were synthesized (Scheme I) by lithium chloride 
catalyzed condensation of the known epoxides (5 )  with phenyliso- 
cyanate or methylisocyanate in dry dimethylformamide at 100- 
150' (6). This method allows a high yield synthesis of N-alkyl- 
and N-aryl-2-oxazolidinones in one step from the epoxide. Corn 
pound I1 was also synthesized (Scheme II) by potassium hydroxide 
ethanol cyclization (7) of the appropriate &chloroethyl N-phenyl- 
carbarnate to provide a compound with known G5 ring substitu- 
tion. 


Cyclization of the N-phenyl-whlorocarbamate ester resulted in 
the isolation of a small amount of a six-membered ring carbamate as 
a by-product, which arose from the isomeric ychlorohydrin formed 
in the synthesis of the starting pchlorohydrins. Careful fractional 


n 


4 
Scheme II-See Table I for R-group identification 


distillation of the Bchlorohydrin prior to use eliminates this 
problem. The chlorohydrins were prepared from the reaction of the 
appropriate alcohol with epichlorohydrin (5). 
The isocyanatoepoxide reaction is known to produce both C4 


G-0 epoxide bonds (8). although the C-5 isomer is generally the 
only product observed. From the limited study of Heweth ef  al. (a), 
only aryl-substituted epoxides led to the C4 isomer regardless of the 
type of isocyanate (alkyl or aryl). The possibility existed, therefore, 
that the r-electron-rich ethynyl group may help direct C4 isomer 
formation through r-intetactions with the incoming isocyanate. 
That this did not occur is evident by comparison of the NMR data 
of I1 with the only products isolated from the isocyanate-cpoxide 
reactions (I-IV). 


The NMR spectral shift data (Table 1) for HA, HB, and HC.D 
of I-IV are essentially identical with equivalent protons for II 
synthesized unambiguously. Further, these data are consistent with 
G5 isomers reported in the literature (6). Compounds V and VI, 
the N-CH: analogs, are assigned as C-5 substitution sina they 
exhibit proton NMR absorption consistent with the loss of aniso- 
tropic deshielding by a phenyl ring. The observation that the 
A8 of HA is larger than the A8 of Hg when N-phenyl i s  replaced by 
N-methyl is not readily explainable, but it is consistent with similar 
findings by Herweth er al. (6). 


and C-5 substitution products through m e i t h a  the C i a  oc 


BI0U)GICAL ASSAY' 


Compounds I-IV were assayed against P-388 lymphocytic 
kukemia in BFDl mice, while only I was screened against G1210 
lymphoid leukemia (Table 11). The compounds were administered 
at three dosages, 400, #lo, and 100 mg./kg. i.p., every 4th day for 
three injections, and the percent increase in median survival time 
(percent test/control) was calculated at Day 30. Compound I was 
administered in hydroxypropylcellulo, while 11-IV were admin- 
istered in saline. The term "survivors" in Table I1 is a m u r e  of 
toxicity and was determined at Day 5 after the first injection. 


EXPERIMENTAL' 


Melthg points were obtained in open capillaries and are un- 
corrected. IR spectra' were obtained as neat oils between sodium 
chloride plats or in potassium bromide wafers for solids. 
All compounds, except III, exhibited acetylenic and carbonyl 
stretching frequemies at 2105-u90 and 1733-1740 cm.-1, respec- 
tively. Compound 111 had no discernible acetylenic absorption but 
exhibited an acetylene C-H stretch at 3300 cm.-' as well as a car- 
bony1 absorption at 1737 cm.-1. All NMR spectra were obtained at 
60 MHz. in deuteriochloroform containing 1% tetramethylsilane 
as internal standard. 


1-(2-Botynyloxy)pyl N-Pheayka~imma+To a 
m m l .  flask was added 25 g. (0.150 mole) of 1-(2-butynyloxy)- 
Zchloro-2-propanol prepared from the condensation of Zbutyn- 
1-01 and epichlorohydrin (5). Dried benzene (100 ml.) and 21.5 g. 
(0.180 mole) of freshly distilled phenylisocyanate were added and 
the reaction was stirred. Following a procedure similar to that of 
Loev and Kormendy (9), 1.5 ml. of trifluoroacetiC acid was added; 
the reaction was topped with a calcium chloride tube and stirred 
for 4 4. at room temperature. The reaction was cooled and filtered 
to reniove diphenylurea and reduced to an oil by water aspiration. 
The oil was chromatographed on a 20 X 2-nun. alumina column 
using 1,2-dichloroethane, and the resulting oil was distilkd in 
wcuo to give 224 g. (52%) of the desired product, b.p. 165-180" 
(0.1-0.2 mm.). 


N, 4.97. Found: C, 59.74; H, 5.80; Cl, 12.74; N, 5.02 
The IR and NMR data were consistent with this structure. 


IR (neat): 3305 (N-H), 2220 and 2300 (C=C), and 1625 (W) 
cm.-l. NMR: 1.75 (t, 3). 3.72 (d. 4). 4.10 (d, 2). 4.30 (m, 1). 5.15 
(m, l), and 7.30(m, 5) p.p.m 


A d . 4 ~ .  fOr Ci4HiKlNO:: C, 59.68; H, 5.72; c1, 1258; 


was performed by.Drug Re?earch and Develo menf 
C ~ ~ ~ * ~ f i a h o n a l  Cancer Institute, Nahonal Instltutes of &dth ,  
Beth& Meri0014 


* Elemental analyses were performed by Atlantic Microlabs, Atlanta, 
Ga. 


a Recorded 00 a Perkin-Elmer 237B apcctrometer. 
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Table I-Structures and NMR Data of 2-Oxazolidinones 


corn- NMR Data (a) 
pound R1 Ra R: R4 HA HB HC,D R d b  Ri ' R4 


I H  H H C a r  3.78 (d, 4.7Ym) 3.9Nm) 4.23(d, 2.5o(t, 7. Wm) JAB = 4.5 Hz.) 


JAB 9 5.0Hz.) 


JAB = 4.5 Hz.) 
JAB = 5.0Hz.) 


JAB - 4.4Hz.) J =  2.3&.) J =  2 3 H ~ )  


JAB = 4.4HZ.) J m 2.5 Hz) 


J = 2.3 Hz.) 
J - 2.5 Hz.) 


J = 2 3  Hz.) 
J = 2.5 Hz.) 


I1 CH: H H C a s  3.74(d, 4.72(m) 3.9Ym) 4.20(q, 2.20(t, 7.37(m) 


111 H --CHa(CHz):CHz- Cd% 3.85 ( 4  4.7Wm) 3.96(m) - 2.51 (s) 7.38(m) 


IV CJ% H H CoHs 3.85(d, 4.7Ym) 4.00(m) 4.45(s) 7.3Ym) 7.3Ym) 


V H  H H CHI 3.60(d, 4.6Ym) 3.50(m) 4.25(d, 2.74 (1, 2.87(s) 


VI CH: H H CH: 3.62(d, 4.6Xm) 3.Wm) 4.13(q, 1.84(t, 2.866) 
J - 2.5 Hz.) 


b W e n y l b - [ ( 2 - p r o p y n y l o x y ~ ~ y q ~ ~ x ~ ~ ~ ~  OFFrom 
the procedure of Herweth et al. (6), a 100ml. flask equipped with a 
calcium chloride tube, condenser, and dropping funnel was charged 
with 7 g. (0.063 mole) of 1,2-epoxy-3-propargyloxypropane, 25 
ml. of dry dimethylformamide, and 0.5 g. of lithium chloride and the 
contents were warmed at 100". A solution of 7.5 g. of freshly distilled 
phenylisocyanate in 7.5 ml. of dry dimethylformamide was added 
dropwise (less than 1 droplsec.), and the reaction was warmed at 
150" for 4 hr. The solvent was removed in mcuo (pot 12&130"), 
and the residue was diluted with 50 ml. of carbon tetrachloride and 
enough methylene chloride to ensure that the liquids were miscible; 
the lithium chloride was removed by filtration. Upon evaporation 
of solvent, 11.2 g. (83x) of I was isolated and recrystallized from 
ethanol, m.p. 83-86"[Iit. (10) m.p. 809. 


A n a l . 4 c .  for Cl:HlaNO,: C, 67.52; H, 5.67; N, 6.06. Found: 
C, 67.42; H, 5.71; N, 6.06. 
bWenylJ-[(Zbutynyloxy)metbyl]-2-oxezol 01)-Proce- 


dure A: Potassium Hydroxide Me/hod--To a 50-ml. flask containing 
12 g. (0.043 mole) of 1-(2-butynyloxy)-3-chloro-2-propyl N-phenyl- 
carbamate and 35 ml. of 7057, ethanol was added 29 g. (0.043 mole) 
of potassium hydroxide. The reaction was immediately warmed at 
100" for 9 min. and then poured into 50 ml. of cold water, extracted 
with ether, and dried over magnesium sulfate. The ether was 
concentrated and the solution was cooled (SO), which afforded 
5.8 g. (38x7,) of 11. Recrystallization was from ethanol-water, 
m.p. 83-86". Concentration of the mother liquor yielded 1.0 g. (773 
of a second compound, m.p. 62-65", tentatively identified as 3- 
phenyl-5-(2-butynyloxy)-oxazin-2-one. 


Procedure B: Epoxide-lsocyarta:e Method-The same procedure 
was followed as for I except that the oil bath was maintained at 
145-150" throughout. The pot residue, after removal of dimethyl- 


Table II-Anticancer Activity 


formamide. was diluted with 40 ml. carbon tetrachloride; lithium 
chloride was removed by filtration. After concentrating to 25 ml. 
and cooling at So, 12.8 g. (85x1 of I1 was isolated. The product 
was recrystallized from ethanol-water, m.p. 83-85 O. 


Anaf.--Calc. for ClJIlrNO:: C. 68.56; H, 6.16; N, 5.71. Found: 
C, 68.46; H, 6.23; N, 5.67. 


(III)-Following Procedure B for 11, 6.1 g. (0.034 mole) of 2-( [(l- 
ethynylcyclohexy1)oxylmethyl loxirane, 4.1 g. (0.034 mole) of 
freshly distilled phenylisocyanate, and 0.5 g. lithium chloride were 
reacted. Following workup in carbon tetrachloride and recrystal- 
lization from methanol, 7.3 g. of 111 was obtained (72%), m.p. 
70-72'. 


Anaf.--Calc. for G&NO,: C. 72.22; H, 7.07; N, 4.68. Found: 
C, 72.07; H, 7.12; N, 4.61. 


0-Following Procedure B for 11, 10 g. (0.053 mole) of 2-( [(f 
phenyl-2-propynyl)oxyJmethyl)oxirane, 6.55 g. (0.055 mole) of 
freshly distilled phenylisocyanate, and 0.4 g. of lithium chloride 
were reacted. Following workup and crystallization from ethanol, 
12.5g. ofIVwasisolated(77Z),m.p.70-73". 


And.-Calc. for ClpH17NOa: C, 74.25; H, 5.58; N, 4.56. Found: 
C, 74.37; H, 5.70; N, 4.52. 
SMethylJ-I(Zpropynyloxy~yl]-2sx.zoll *To a 


250-ml. flask containing 20 g. (0.180 mole) of 1,2cpoxy-3-pro- 
pargyloxypropane and 75 ml. dry dimethylformamide at 130" 
was added 1.0 g. lithium chloride, followed immOaiakly by the 
slow addition (1 drop,every 6 7  sec.) of a solution of 10.5 g. (0.184 
mole) freshly distilled methylisocyanate in 18 ml. dry dimethyl- 
formamide. After 6 hr., dimethylformamide was removed (vacuum 
aspirator at 130"), the resulting oil was diluted with ethylene chla- 


bPbenyl-5- ([(l-eth~ylydobexyl)oxy@&byl] -2 -Oxazolidiaoae 


3-pbenylb-( [~bpbenyl-2-prop~Yl)oxylmethyl) - 2 - o ~ d i n o a e  


Percent TIC Survivors Compound NSC Number Tumor D W p '  VehiCP 


I 154295 L-1210 400 M 91 416 
200 M 100 616 
100 M 100 616 


P-388 400 M 100 616 
200 M 100 616 
100 M 95 616 


I1 


111 


159150 


159151 


P-388 


P-388 


400 
200 
100 


S 
S 
S 
S 
S 
S 


100 
92 
92 


100 
100 
100 


7/7 
7/7 
7l7 
7/7 
717 
717 


IV 159149 P-388 400 S 92 717 m S 107 717 
100 S 92 717 


~- ~~ 


0 mp./kg. i.p. (per injection). b M is hydroxypropylcellulose; S is salhe. 
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ride, and the lithium chloride was removed. After removal of the 
solvent, the oil was fractionally distilled to yield 22 g. (73%) of 
V. b.p. 122” (0.02 mm.). 


Anal.-Calc. for C&InNO,: C, 56.80; H. 6.55; N, 8.27. Found: 
C, 56.61; H, 6.64; N. 8.21. 


3 - M e t h y l a - ( ( 2 ~ n y l o r r y ) m e t h y l ] - ~ x ~ i ~ ~  (VI)-A 50- 
ml. flask was equipped with a pressure-equahing dropping funnel 
and a reflux condenser topped with a clamped rubber tube slit 
longitudinally for release of pressure. To this was added 4.2 g. 
(0.033 mole) of 2-[(2-butynyloxy)methyl]oxirane and 13 ml. of dry 
dimethylformamide. The solution was heated to 130” and 0.2 g. 
of lithium chloride was added, followed immediately by the slow 
addjtion (less than 1 drop every 6 sec.) of 2.0 g. (0.035 mole) of 
freshly distilled methylisocyanate in 3.5 ml. dry dimethylform- 
amide. After .6 hr. at  130”, solvent was removed and the oil was 
diluted with methylene chloride; the lithium chloride was removed. 
The oil was distilled to  give 4.3 g. of VI (70%), b.p. 110-125” (0.08 
mm.). 


Anal.-Calc. for COHI~NO~:  C, 59.00; H. 7.15; N, 7.64. Found: 
C,58.81;H,7.28;N,7.57. 


RESULTS AND DISCUSSION 


The isocyanate-epoxide reaction provides high yield quantities of 
the title compounds and represents a method by which a variety of 
N-alkyl-2-oxazolidinones can be readily synthesized. Attempts to 
cyclize p-chloroethyl N-unsubstituted carbamates with several 
bases (potassium hydroxide-ethanol and sodium hydridedi- 
methylformamide) failed. Stronger bases are precluded because of 
the known ease of rearrangement of propargyl groups to allenes 
(11). 


With the. isocyanate+poxide reaction, only C-5 substitution 
products were obtained; no G 4  products were isolated. Th-, the 
stereospecific nature of this reaction in the synthesis of the title 
compounds is apparently independent of *-electron interactions 
between isocyanate and acetylene r-electrons. From the work of 
Herweth et al. (a>, such r-interactions might have been hypoth- 
esized for their isolation of C-4 as well as C-5 substitution products. 
That C-5 substitution appears exclusive in the present study is 
probably a result only of steric factors. 


Compounds I-IV, the N-phenyl analogs, exhibited no anticancer 
activity against the L1210 or P-388 tumor test systems employed. 
Based on reports preliminary to receiving testing data, the N- 


methyl Compounds V and VI are inactive as well. Activity is d e h e d  
as percent T/C (test/control) of 125 or greater. 


The lack of activity of the title compounds in the less sensitive 
G1210 and P-388 tumor systems cannot be adequately explained 
at  this time. The possibility exists that cyclic carbamates possess 
in oioo reactivities to nucleophiles significantly different from 
acyclic carlmmates. Whether this or other physical+hemical and 
biological factors are important remains unanswered. 
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Improved Method for Determining Dibenzepine and 
Its N-Demethylated Metabolites in Human Urine 


A. De LEENHEER' and A. HEYNDRICKX 


tion, followed by glucuronide formation in man, mouse, 
rat, rabbit, and dog (1-3). These studies were performed 


ingested known amounts of the drug dibenzepine hydrochloride using uv spectrophotometry, paper chramatography, were extracted by a two-phase procedure with ether. A first 
screening by UV spectrophotometry showed the presence of TLC, GLC, and radiochromatography and yielded 
compound(s) with a dibenzepine structure. The TLC separation of insight into dibenzepine metabolism. However, a 
aliquots of extracts revealed four spots: two upper spots, each valuable method for the auantitative determination of 


Abstract 0 Urine samples taken from two psychiatric patients who 


containing two substances, and two lower spots corresponding to dibenzepine and its N-demkthylated metabolites was not 
single N-demethylated metabolites. GLC on the acetylated ex- 
tracts by use of a polar column enabled the qualitative and quantita- 
tive (with DrochlorDerazine as internal standard) determinations of Current interest in these laboratories in the me- 
free hibenipine and its five N-demethylated metabolites. IR and tabolism of I in man led to the identification of the 
mass spectroscopic analyses of these compounds, isolated by micro- 
preparative GLC of an aliquot of the acetylated extract, confirmed 
the specificity of results and gave detailed structural information. 


Keyphrases 0 Dibenzepine and N-demethylated metabolites- 
characterization, analysis, human urine 0 GLC-analysis, di- 
benzepine and N-demethylated metabolites, human urine 


Dibenzepine (I) is a dibenzodiazepine derivative used 
as a drug with antidepressive properties. From the 
structural formula it may be deduced that the compound 
has a basic character due to the presence of an aliphatic 
tertiary amine function. Dibenzepine has been described 
to undergo N-demethylation and phenolic hydroxyla- 


previously described (1-3) five N-demethylated products 
(11-VI) as important metabolites (Scheme 1). By a 
different experimental approach, a procedure of im- 
proved specificity was developed for qualitative and 
quantitative determinations of free dibenzepine and its 
five N-demethylated metabolites (11-VI) in urine of 
man. Special attention was paid to the complete char- 
acterization of free basic compounds and their assay by 
GLC using an internal standard. 


EXPERIMENTAL 


Over periods of 4 successive days, the total urine outputs of two 
male patients who ingested, for the indicated period, a known 
amount of I (orally administered as chlorhydrate) together with a 


I: dibenzepine 


I 


H 


dibenzepine-I11 


CH, 
dibenzepine-II 


I 
CH3 


dibenzepinev 


dibenzepine-IV dibenzepineV1 


I: 5-methyl-lO-@-dimethylaminoethyl-10,1 I-dihydro- 11 -oxo- 5H- 


11: 5-rnethyl-lO-~-methylaminoethyl-l0,11 -dihydro- 11 -0xo-sH- 


111: lO-~-dimethylaminoethyl-lO,ll-dihydro- 1 I - 0x0- 5H-dibenzo- 


IV: l0-~-methylaminoethyI-l0,1 I-dihydro-1 I-oxo-SH- dibenzo[b,e]- 


V: 5-methyl-l0-~-aminoethyl-l0,1l-dihydro-ll -oxo-SH-dibenzo- 


VI: 10-p-aminoethyl-10,l 1-dihydro-11-0x0- 5H- dibenzo[b,e][l,4]di- 


dibenzoib.e][ 1,4]diazepine [ 1,4]diazepine 


dibenzo[b,e][ 1,4]diazeplne [b,e][l,4]diazepine 


[b,e][ 1,4]diazepine azepine 


Scheme I-N-Demethylation metabolism of dibenzepine occurring in man 
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Table I-Case Histories of Psychiatric Patients under Major 
Dibenzepine Treatment 


Daily Dose (in mg.) of Orally 
-----Administered- 


Metho- Time Medi- 
Dibenze- trime- cation Began 
pine (I) prazine before First 


Pa- Age, (Chlor- (Male- Urine 
tient years hydrate) ate) Diazepam Collection 


6.5 months 1 62 6 X 80 25 - 
2 36 5 X 80 25 3 X 10 3 weeks 


~ 


much lower dose of methotrimeprazine' and diazepam (only for the 
second patient) were collected separately (Table I). Each sample 
was refrigerated immediately. Each 24-hr. urine collection was 
homogenized, and a 200-ml. aliquot was extracted prior to analysis 
without delay. 


Screening Test-As a first indication of the presence of com- 
pounds, a ferrichloride, perchloric acid, and nitric acid (FPN) test 
(4, 5) and a chromium+6 test (6) were performed on each urine 
sample. The FPN reagent (4, 5) was prepared by combining 5 ml. of 
5x (w/v) FeC13, 45 ml. of 20% (concentration I/$) HC104, and 
50 ml. of 50% (concentration I/z) HN03. The chromium+6 reagent 
(6) consisted of 200 mg. of K2Cr2OTr 75 ml. of concentrated H2SO4, 
125 ml. of concentrated HNOB, 50 ml. of concentrated HClO,, and 
distilled water to 1000 ml. 


Extraction Procedure-A 200-ml. aliquot of each urine sample 
was acidified with 2 N HCI and extracted twice under nitrogen 
atmosphere with 400 and 200 ml. of peroxide-free ether (freshly 
distilled over hydroquinone, reagent grade); the ether layers were 
discarded. The aqueous phase was alkalized with 10 N NaOH and 
again extracted twice under nitrogen atmosphere with 200 ml. of 
ether. The ether layers, which contained I and its five N-demethyl- 
ated metabolites (11-VI) were washed with 5-ml. portions of 0.001 
N NaOH until the aqueous layer remained colorless. The washed 
ether was evaporated in a rotary evaporator to a final volume of 
about 100 ml.; it was then saturated with nitrogen and extracted 
twice with 10 ml. of 0.1 N HCI. The total acid extracts were made 
basic with I ml. of 10 N NaOH, saturated with nitrogen, and ex- 
tracted twice with 40 ml. of peroxide-free ether. The combined ether 
phases were dried over anhydrous sodium sulfate, filtered, and evap- 
orated on a water bath at 40' under a slow stream of nitrogen. 
The residue was dissolved in 10 ml. of ethanol and kept in a well- 
closed tube at - 15"  for further analysis ("alcoholic extraction 
liquid"). 
UV Spectrophotometry-The UV spectra of the acidic extracts 


(20 ml. 0.1 N HCl) were automatically recorded with a double- 
beam spectrophotometerz using 1-cm. silica cells in the 450-190- 
nm. wavelength range. 


TLC-Aliquots (0.1 ml.) of the alcoholic extracts were evaporated 
to a small volume on a water bath at 40" with the aid of a nitrogen 
stream. These, together with 20 mcg. of the reference compounds 
dibenzepine hydrochloride and its demethylated products II3, 
111, IV3, V3, and V14 and 10 mcg. of methotrimeprazine maleate 
and methotrimeprazine sulfoxide, were spotted in a 2-cm. line at 3 
cm. from the lower edge of 250-p thin-layer plates, prepared with 
equal parts of silica gel Hzs, and cellulose MN 300. Chloroform, 
acetone, and ammonia (25x7,) (50:50: 1) were used as the solvent 
system. After development the plates were consecutively sprayed 
with ferric reagent (7), vanadium+' reagent, and chromium+B re- 
agent (6) for visualization. 


For the ferric reagent (7). 500 mg. of Fe(NO& is dissolved in 
80 ml. of concentrated H2S04 and the solution is diluted to 1000 
ml. For the vanadiumc5 reagent, 500 mg. of V 2 0 s  is dissolved in 80 
ml. of concentrated H2S04 and the solution is diluted to lo00 ml. 


GLC-GLC analysis was performed with a research gas chroma- 
tographs equipped with dual flame-ionization detectors. The column 
was 1 % FFAP coated on Diatoport S7, 80-100 mesh. and was used 
for single-column operation. 


1 Known in Europe as levomepromazine. 
2 Unicam SP800. 
3 As the chlorhydrate. 
4 As the oxalate, 
5 Hewlett-Packard 5 750. 
6 Reaction product of Carbowax 20M and m-dinitroterephthalic acid. 
7 Acid and silane-treated, Hewlett-Packard. 


The operating conditions were: glass spiral column, 1.80-m. 
length, 4-mm. i.d.; carrier gas, nitrogen, 70 ml. min.-1 (bubble 
flowmeter); oven temperature, 245"; temperature of injector 
block, 250"; temperature of detector block (flame-ionization detec- 
tor), 248"; and air and hydrogen, calibrated for optimum sen- 
sitivity. 


Qualitative Determination-Qualitative assays of urinary di- 
benzepine and its N-demethylated metabolites were performed with 
the acetylated derivatives. For this purpose, 0.5-ml. aliquots of the 
individual alcoholic extracts were transferred to conical siliconized 
tubes of 15-ml. capacity and evaporated on a water bath at  40" 
under a slow stream of nitrogen. To the final residues, 0.2 ml. of 
pyridine (refluxed and distilled over potassium hydroxide) and 0.2 
ml. acetic acid anhydride (refluxed and distilled over calcium car- 
bide) were added. After a 1-hr. reaction time in a phosphorus 
pentoxide desiccator, the reaction mixtures were evaporated again 
under the above-mentioned conditions. The residues obtained were 
dissolved in 40 pl. of ethyl acetate with the aid of a whirlmixer. 


From the standards of I, its five N-demethylated compounds 
(11-VI), methotrimeprazine maleate, and methotrimeprazine sulf- 
oxide, 10-mg. amounts were treated in the same way, but the resi- 
dues obtained were taken up in 2 ml. of ethyl acetate (0.5% solu- 
tions). Volumes varying from 1 to 2 pl. were separately injected 
on top of the column with a syringe (Hamilton) of 10-pl. capacity. 


Quantitative Determination-The same treatment was applied 
as for the qualitative determination, except that a known amount 
(200 mcg., but 160 mcg. for recovery experiments) of prochlorper- 
azine was added as an internal standard before the first evaporation. 


Calibration was made with a standard mixture. This was pre- 
pared by combining 50-pl. volumes of the 0.5% ethyl acetate solu- 
tions of the acetylated active compounds and a 1 x ethyl acetate 
solution of prochlorperazine-(ac.)8. After evaporation in a water 
bath at 40" with the aid of a nitrogen stream, the residue was dis- 
solved in 50 pl. of ethyl acetate. The composition of the standard 
solution was: 250 mcg. of I-(Z.), 250 mcg. of I I - ~ C . ~ ,  250 mcg. of 
III-(E.), 250 mcg. of IV-ac., 250 mcg. of V-ac., 250 mcg. of VI- 
ac., and 500 mcg. of prochlorperazine-(Z.) in 50 pl. of ethyl acetate. 


For each active compound, a calibration factor k ,  was calculated: 


where S,/S. is the quotient of peak areaslo on chromatograms of the 
compound to be determined and the internal standard prochlor- 
perazine-(Z.), and 2 is the reciprocal of the weight proportion of 
the compound to be quantitated (250 mcg.) w.r.t. internal standard 
prochlorperazine-(Z.) (500 mcg.). 


of all calibration factors k, for a given 
compound was determined from three chromatograms according 
to  : 


The arithmetic mean 


E = ( $ k i ) / 3  


Results of C,  (mcg./lOO ml. urine) were obtained with the equa- 
tion : 


10 S,' C , , = - - X - X m m .  
k S.' (Eq. 3) 


where S,'/S.' is the quotient of peak areas of the compound to be 
determined as present in the extract and the internal standard 
prochlorperazine-(E.), rns is total amount in micrograms of the 
internally added standard prochlorperazine-(E.), and 10 is the con- 
version factor because 0.5 ml. alcoholic extract corresponds to a 
10-ml. urine sample. 


Recovery Experiments-To 200 ml. of urine, collected as a pool 
of samples from subjects under no drug medication, 400 mcg. 
dibenzepine hydrochloride was added. The sample was taken 
through the whole experimental procedure as described. 


Trapping of GLC Efiluents-A splitting system" was installed at 
the exit of each column, yielding a 10: 1 ratio. As a collection device, 


(t.) indicates that the compound underwent the acetylation treat- 
9 ac. indicates that the compound was transformed to the acetamide. 
'OMeasured using the method of peak height times peak width at 


ment without being changed (no acetylable function present). 


half height (Itrna. X Wo.sh) .  
Hewlett-Packard. 
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Table 11-Volume, pH, FPN, and Chromium* Test of Urine 
Samples Collected from Psychiatric Patients 


Volume 
of 


Urine, 
Pa- m1.124 Chromium+e 
tient Sample hr.) pH FPN Test Test 


1 1 (lstday) lo00 6.0 - - 
2(2nd day) 800 5 . 5  - - 
3(3rdday) 1050 6.0 - - 
4(4th day) 750 5 . 5  - - 


2 1 0 s t  day) 800 5.0 =k (blue) f (blue) 
2 (2nd day) 900 5 . 5  I-t (blue) k (blue) 
3(3rd day) 600 6.0 f (blue) f (blue) 
4(4th day) 1200 5.0 - 5 (blue) 


a Pyrex capillary (12.5-cm. length and 1.5-mm. i.d.) fixed with two 
Teflon O-rings in a brass tube (10.5-cm. length, 7-mm. o.d., and 4- 
mm. i.d.) provided with an 1/8 swagelok nut, was used. A 1.0-ml. 
aliquot of the alcoholic extract was acetylated, and the residue was 
dissolved in 25 pl. of ethyl acetate. This solution was at once pre- 
paratively chromatographed on the 1 z FFAP column at 245" for 
the trapping of separated compounds. 


IR and Mass Spectrometry-After collection, each compound 
was rinsed out from its capillary with 2 X 10 pl. of ethyl acetate. 
This solution was poured on 25 or 7 mg. of KBr in an agate mortar, 
and the solvent was allowed to evaporate. A micropellet was pre- 
pared by means of a punched disk (2 X 10 or 1 X 4-mm. hole), 
and the IR spectrum was recorded from 625 to 4000 cm.-l with a 
spectrophotometer12 equipped with a microbeam condenserl3. The 
mass spectrum was recorded with an instrumentL4, using the direct- 
insertion probe system loaded with a small pulverized piece of the 
KBr pellet and running the spectra in standard conditions (70 ev., 
150"). 


RESULTS AND DISCUSSION 


The volume, pH, FPN test (4, 5 ) ,  and chromium+6 test (6) of the 
urine samples were determined just after each 24-hr. collection. 
These preliminary data are summarized in Table 11. 


Only for Patient 2 were slightly positive FPN and chromium+6 
tests noticed. In fact, the administered doses of methotrimeprazine 
were too low for good color reactions. Dibenzepine and diazepam 
did not develop any color under these experimental conditions. 


The UV spectra of all extracts showed a striking correspondence 
with the reference spectrum of I (Amax: 207 and 221 nm. with E 


28,652and 28,419,283 Nm.I5; Amin: 215 nm.). UV spectra of the five 
N-demethylated metabolites were qualitatively almost identical. 
UV spectrophotometry, being essentially an additive method, gave 
an overall pattern of all UV absorbing compounds as present in the 
acidic extract and 110 differentiation could be made at this stage 
of the analysis. 


TLC of reference compounds in the described system gave: V, 
R f  0.59 yellow; I, Rf 0.54 yellow; VI, R f  0.50 blue; 111, Rf 0.47 
blue; 11, RJ 0.24 yelkow; and IV, Rf 0.19 blue. Notwithstanding the 
presence of six substances, four spots were obtained for all ex- 
tracts: V and I yielded one yellow spot, VI and 111 appeared as one 
blue spot, and only the two lower spots (I1 yellow and IV blue) 
were single. N-Demethylation of the ring nitrogen resulted in for- 
mation of a blue color with the spray reagents used. This may be ex- 
plained on the basis that essentially the entire ring system is re- 
sponsible for the colors given, with the aminoalkyl side chain 
having no influence. 


GLC analysis of a 0.5-ml. acetylated fraction of the alcoholic 
extracts on the 1 FFAP column (245") showed the presence of 
free I-(Z.) (RL 3 min. 40 sec.), III-(aC.) (Rf 7 min. 46 sec.), 11-ac. 
(Rf 25 min. 5 sec.), V-ac. (Rf 33 min. 11 sec.), IV-ac. (Rf 58 min. 4 
sec.), and VI-ac. ( E L  76 min. 54 sec.) in all extracts. Inspection of 
qualitative chromatograms permitted the choice of prochlorper- 
azine as a suitable standard (Rf 11 min. 5 sec.) which did not overlap 


1 2  Perkin-Elmer 257. 


1' LKB 9000. 
1 3  RIIC C-41. 


20 40 60 80 
MINUTES 


Figure 1-Quantitative GLC on the 1 FFAP column from urinary 
extract 4 of Patient 2. Sample size was: 200 ml. urine, 0.5 ml. alco- 
holic extraction liquid evaporated and residue redissolved in 30 p l .  
of ethyl acetate, and 1.1 p l .  injected on top of the column (correspond- 
ing to 0.37 ml. urine). Attenuation settings were: range, X 10; and at- 
tenuation, X16. Key (from left to right): &(=.); lll-(Z.): P ,  pro- 
chlorperazine-(Z.] internal standard; II-ac.; V-ac.; IV-m.; and 
W a c .  


with any peak from the extracts. Calibration factors K, obtained as 
previously described, are: I-(%%), 2.14; 11-ac., 4.74; llI-(Z.), 1.28; 
IV-ac., 4.34; V-ac., 4.43; and VI-ac., 2.42. 


As seen from Table 111, monodemethylation of the aminoalkyl 
side chain is predominant. N-Demethylation of the ring nitrogen is 
only a minor pathway. Patients 1 and 2 show differences as to their 
pteferences for described N-demethylation processes. An example 
of the GLC quantitation of free I and its five N-demethylated me- 
tabolites in a single run on the 1 z FFAPcolumn is shown in Fig. I .  


Recovery experiments for I yielded 78 Z for the first urine sample 
examined and 8 6 Z  for the second. These results indicate a reason- 
able extraction recovery, which may be extrapolated for the N- 
demethylated compounds as  well. Previous results obtained by UV, 
TLC, and GLC did not reveal any methotrimeprazine or some of its 
metabolites. This result is certainly due to the major intake of I 
uersus a minor intake of methotrimeprazine (about 20 times lower 
doses) and the small sample aliquots taken for analysis. 


For confirmation of the specificity of the GLC results, a 1-ml. 
alcoholic extract (Sample 2 of Patient 1 and Sample 1 of Patient 2, 
Tables I1 and 111) was separately evaporated under a nitrogen 
stream; the residue was acetylated and chromatographed on the 1 
FFAP column installed for trapping. Under identical conditions, 
2 0 - 4  aliquots of 0.5 z standard solutions of acetylated reference 
substances were chromatographed and separately cpllected. IR 
and mass spectra obtained on the purified I, 11-ac., IV-ac., V-ac., 
and VI-ac., as isolated from mentioned urine samples (Figs. 2, 3, 
and 5-7), agreed completely with those obtained from reference 
compounds. III-(k.) could not be isolated in a sufficient amount, 
but its IR and mass spectra (Fig. 4) were obtained from a refer- 
ence substanceL6. 


IR spectroscopy enabled easy differentiation of each compound 
on the basis of its fingerprint chara&teristics. An N-H absorption 
around 3300 cm? showed up in all spectra except for I-(Z.) and 
11-ac. Structures containing the aliphatic tertiary amine function 
N-(CH&, such as I and ILI-(G.). gave a 2770-cm.-1 band which 
was of weak intensity but easily distinguishable. The C=O amide 
frequency around 1600 cm-1 permitted a classification in three 
groups, each including two compounds: I-(Z.) and III-(E.) had 
the sharpest band, 11-ac. and IV-ac. showed a medium broad band 
(tertiary amide functions), and 11-ac. and Wac.  gave the broadest 
absorption (secondary amide function). The 1458-~m.-~ absorp- 
tion had a definite lower intensity for III-(aC.), IV-ac., and VI-ac. 
(CH, at the seven ring substituted by H). This feature was opposite 
to the sharp band identified for I, 11-ac., and V-ac. (N-ring CHs). 
The 1250-cm.-1 strong band, which was present only in I, 11-ac., 
and V-ac., could be assigned to the N-ring CHI function. As a 
general phenomenon, substitution of N-CH3 by N-H in the 
diazepine ring resulted in spectra with broader bands and less 
fine structure. 


Mass spectroscopic results gave the right molecular ion for each 
compound: I-(E.) at m/e 295 ( C I ~ H ~ I N ~ O ) ,  11-ac. at m/e 323(C~- 
Hz1N3O2), lII-(Z.) at m/e 281 (CI?H,,N,O), IV-ac. at m/e 309 


16 Shoulder. 10 With identical treatment by acetylation and GLC. 
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Table 111-Quantitative Results of GLC Determination of Dibenzepine and Its Five N-Demethylated Metabolites 


, 


Percent 
of Dose 


Recovered 
Concentrations, C,, mcg./lOO ml. Urine - as Metab- 


Patient Sample I I1 111 IV V VI olites 
~ 


1 1 42.0(0.09). 901 (1.97) Traces 289(0.66) 626(1.43) 442(1.08) 5.14 
2 75.9(0.13) 1356 (2.37) 63.6 (0.11) 410 (0.75) 779 (1.43) 480 (0.94) 5.60 
3 12.3 (0.03) 462 (1 .06) Traces 205 (0.49) 394 (0.95) 347 (0.89) 3.39 
4 32.4(0.05) 1356 (2.22) Traces 403 (0.69) 763 (1.31) 525 (0.96) 5.18 


2 1 224 (0.45) 1201 (2.52) 98.4 (0.21) 507 (1.11) 412 (0.91) 384 (0.90) 5.65  
2 601 (1.35) 1039 (2.45) 106.0 (0.25) 323 (0.80) 272(0.67) 289 (0.76) 4.93 
3 258 (0.39) 799 (1 .26) 67.2(0.11) 307(0.51) 162(0.27) 172 (0.30) 2.45 
4 173 (0.52) 683 (2.15) 63.1 (0.20) 326(1.08) 226(0.75) lSS(0.66) 4.84 


a Percent of administered dose recovered as unchanged drug. 


(CI8Hl9N3O2), V-ac. at m/e 309 (C18Hl,N802), and VI-ac. at m/e 
295 (CI7Hl7N3O2). A low relative intensity was obtained for the mo- 
lecular ion of the aliphatic tertiary amine structures I-(Z.) and III- 
(G.) uersus the high relative intensities for the aliphatic secondary 
and tertiary amides. Side chains were identified by three typical 
mass spectroscopic fragmentation patterns. Indeed, the six struc- 
tures examined could be subdivided in three groups of two corn- 
pounds each, just dilfering by one methylene group (14 a.m.u.) 
located at the ring nitrogen (not interfering with the side-chain 
fragmentation). The tertiary aliphatic amines I-(=.) and 111- 
(E.) showed peaks due to a-cleavage at m/e 251 and 237 (M - 
44 or M - C2H6N), a-cleavage and hydrogen-ion transfer to the 
eliminated fragment at m/r 250and 236 (M - 45 or M - GHTN), 0- 
cleavage at m/e 237 and 223 (M - 58 or M - C3HaN), and a major 
y-cleavage with hydrogen-ion transfer to the radical ion at m/e 
224 and 210 (M - 71 or M - C4H9N) (base peak). In the low mass 
range, an intense ion was observed at  m/e 58 [HZC=N+(CH3)21 
which was due to simple 0-cleavage. 


The aliphatic secondary amide structures V-ac. and VI-ac. gave 
peaks due to fission /3 to the carbonyl at m/e 251 and 237 (M - 
58 or M - C?H4NO), fission y to the carbonyl with hydrogen-ion 
transfer (resulting in elimination of acetamide CH3CONH?) at 
m/e 250 and 236 (M - 50 or M - C2HsNo) (base peak), fission 6 
to the carbonyl at m/e 237 and 223 (M - 72 or M - C3HsNO), and 


A 


m,, : 291 


r 
100 200 300 


m / e  
0 


Figure 2-IR spectrum (A) and mass spectrum ( B )  of trapped I - ( z . )  
isolated,from urinary extract 2 of Patient 1. 


y-cleavage with hydrogen-ion transfer to the radical ion at m/e 
224 and 210 (M - 85 or M - C4H7NO). The major fragmentation 
M - GHsNO was further proven by Occurrence of metastable ions 
at  202.3 for V-ac. and 188.8 for VI-ac. The aliphatic tertiary amide 
structures Wac. and IV-ac. produced peaks due to fission p to the 
carbonyl at m/e 251 and 237 (M - 72 or M - C3H6NO), fission 
p to the carbonyl with hydrogen-ion transfer (resulting in elimi- 
nation of methylacetamide CH3CONHCHa) at m/r 250 and 236 
(M - 73 or M - CIH7NO), fission y to the carbonyl at m/e 237 
and 223 (M - 86 or M - C,HsNO), and fission 6 to the carbonyl 
with hydrogen-ion transfer to the radical ion at m/e 224 and 210 
(M - 99 or M - C5HsNO). The predominant fragmentation M - 
C8H7N0 was also indicated by the metastable ions at 193.5 for 
11-ac. and at 180.2 for IV-ac. 


I - f Z . ) - - v K B r :  3065 (ohenvl). 2960 (CHA 2820 (N-CHd. 2775 
[N(CH3jzl, 1640 (C=O'amidej; 1593 and i505 (phenyl), 14i8 (CHI 
and CH?), 1458 and 1392 (CH& 1325 (Ar--N), 1252 (N-CHd, 
1167 and 1152 (C-N), and 768 (0-substituted phenyl) cm.-l. 
m/e (relative intensity): 295( 16) C18H21N30, 251(4) C1&1&0, 
250( 11) CisHlnNzO, 237(10) CISHI~NZO, 236(14) CI~HIZNZO, 224 
(1000) CirHlzNgO, 210(16) C13HloN20, 209(10) ClsHgNzO, 195(9) 


(524) CaHsN. 
C,9H9N0, 177(16) ClSH7N, 149(48) C12H5, 59(18) C3HIN, and 58 


Zl-ac.-vKBr: 3065 (phenyl), 2955 (CHI), 2815 (N-CHB), 1640 
(C=O amide), 1590 and 1503 (phenyl), 1477 (CHI and CH?), 1452 
and 1392 (CHI). 1322 (Ar-N), 1248 (N--CH3), 1167 and 1140 


40/ 20 
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Figure 3-IR spectrum (A) and mass spectrum ( B )  of trapped 11-ac. 
isolated from urinary extract 2 ofPutient 1. 


34 Journal of Pharmaceutical Sciences 







20 40 i 
0 1  L_ 0 


4000 3000 2000 1500 1000 625 
A 


4000 3000 2000 1500 1000 625 
A 


I 


100 


50 


I 


100 


50 


-,.= 181 


100 200 
m / e  
B 


300 


m / e  
B Figure 6-IR spectrum ( A )  arid mass spectrum ( B )  of frapped V-ac. 


from urinary extract 2 of Patient I .  Figure Q-IR spectrum ( A )  and mass spectrum ( B )  of trapped 111- 
(E.) reference substance. 


tensity) : 281(2) Cl,HlsN30, 280(2) C ~ ~ H M N ~ O ,  279(3) C17HI~Na0, 
237(5) CibHisNzO, 236(5) CisHizNz0, 224,(4) CiiHizNz0, 223(13) 
C14HilNz0, 212(11) CisHizNzO, 21 l(147) CiaHilNzO, 210(1000) 
Ci3HlONz0, 73(6) CdHnN, 72(147) CIHiaN, 71(69) CiHgN, 59( 18) 
C3H9N, and 58(510) C3HsN. 


IV-ac.-vKBr: 3295 (N-H), 3060(phenyl), 2930(CH3), 1630(C=O 
amide), 1598 and 1502 (phenyl), 1476 (CHI and CHZ), 1454 and 
1392(CHa), 1300(N-ringH), 1249(N-CH3),1 162and 1142(C-N), 
and 762 (0-substituted phenyl) cm.-I. m/e (relative intensity): 309(63) 


(C--N), and 770 (0-substituted phenyl) cm.-l. m/e (relative in- 
tensity): 323(53) CI~HZIN~OP, 309(1) C I ~ H I ~ N ~ O Z ,  251(17) C16HlaN20, 


(19) C14H12N20, 210(4) CtaHloNoO, and 209(14) C13HgN20; m* = 
193.5 [323(M?) -* 2501. 


[N(CH&], 1625 (C=O amide), 1598 and 1505 (phenyl), 1476 (CHI 
and CHz), 1460 and 1388 (CHa), 1318 (Ar-N), 1308 (N-ring H), 
1150(C-N), and 767 (0-substituted phenyl) cm.-'. m/e (relative in- 


250(100) C16HiiNz0, 238(4) CisHiaNzO, 237(21) Cl~HlaNz0, 224 


l l l - ( Z . ) - ~ K B r :  3300 (N-H), 2930 (CH,), 2820 (N-CHs), 2775 
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Figure I-IR spectrum ( A )  and mass spectrum ( B )  of trapped VI-ac. 
from urinary extract 2 ofpatent I .  


m / e  
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Figure 5-IR spectrum ( A )  and mass spectrum (B)  of trapped IV-ac. 
from urinary extract 2 of Patient I .  
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ClsHinN,On, 238(4) C15H14Nz0, 237(26) C15H13Na0, 236(100) 
CisH1zNz0, 224(11) C1,HizNzO, 223(39) C1IH1IN20, 210(15) 
ClsHloN20, 209(6) CI3HON20, and 195(9) CI3HDNO; m* = 180.2 
[309(Mt) + 2361. 


V-ac.-vKBr: 3315 (N-H), 3070 (phenyl), 2960 (CHI), 2820 (N- 
CHd. 1640 (C=O amide), 1592 and 1506 (Dhenyl), 1478 (CHI and 
CH;), 1457and 1392(CH,), 1327 (Ar-N), 1i5o(N-C&), 1168 and 
1142 (C-N), and 770 (c-substituted phenyl) cm.-I. m/e (relative in- 
tensity): 309(66) C18H1~N302, 251(12) CloHlrNzO, 250(100) C16Hla- 


210(5) CI3Hl0N20, and 209'15) C I ~ H ~ N Z O ;  m* = 202.3 [309(Mt) - 
2501. 


VI-ac.--vKBr: 3295(N-H), 3060(phenyl), 2930(CH~), 1630(C=O 
amide), 1597 and 1502 (phenyl), 1475 (CH, and CH?), 1458 and 
1390 (CH,), 1298 (Wring H), 1249 (N-CHI), 1160 (C-N), and 762 
(o-substituted phenyl) cm.-l. m/e (relative intensity): 295(74) 


ClaHlZN20, 223(63) C14HllN20, 210(16) Cl3HIONZO, and 195(12) 
C1,HgNO; m* = 188.8 [295(M?) + 2361. 


Nz0, 238(7) CiSHirNzO, 237(34) C15HlaNz0, 224(13) CinHnNzO, 


CnH17Na02, 237( 19) CIBHI~NZO, 236(100) CI~HENZO, 224(15) 


REFERENCES 


( I )  0. Hunziker and 0. Schindler, Helo. Chim. Acta, 48, 1590 


(2) W. Michaelis, Armeim.-Forsch., 17, 181(1967). 
(3) H. Lehner, R. Gauch, and W. Michaelis, ibid., 17, 185(1967). 


(1965). 


(4) I. S. Forrest and F. M. Forrest, Clin. Chem., 6 ,  ll(1960). 
( 5 )  h id . ,  6, 362(1960). 
(6) I. S. Forrest and F. M. Forrest, Amer. J. Psychiut., 116, 


(7) H. Leach and W. R. C. Crimmin. J. Ch. Pathol., 9, 164 
840(1960). 


(1956). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received May 30, 1972, from Lahoratorium uaor Medische Bio- 
chemie en Klinisclre Arrulyse, State Uniwrsity of Geni, B-9000, Gent, 
Belgium. 


Accepted for publication August 16, 1972. 
The authors gratefully acknowledge the help of Prof. Dr. A. 


Claeys from the Department of Analytical Chemistry, Faculty of 
Pharmaceutical Sciences, State University of Gent, for program- 
ming the calculations of results on a high-speed electronic calcu- 
lator (Diehl). They also thank Dr. C. G. Hammat from the Research 
Department of the KABI Group, AB Kabi, Stockholm, Sweden, for 
running the mass spectra. They are indebted to the pharmaceutical 
company Dr. A. WANDER A. G., Bern, Switzerland, for providing 
reference substances of I hydrochloride (HF-1927), 11 hydrochloride 
(HUF-2132), 111 (HF-1404), IV hydrochloride (HUF-2390), V 
hydrochloride (HUF-2696), and VI oxalate (HUF-2740). 
A TO whom inquiries should be directed. 


Inhibition of MA0 by P-Carbolinium Halides 


BENG T. HO', PATRICIA M. GARDNER, and K. E. WALKER 


Abstract 0 In the search for a compound capable of selective in- 
hibition of peripheral MAO, a number of 2,9-disubstituted @-car- 
bolinium compounds were synthesized. With tryptamine as the 
substrate, these compounds generally exerted greater inhibition of 
the enzyme from human liver mitochondria than that from bovine 
liver. An exception to this was 2-propargyl-9-methyl-@-carbolinium 
bromide (VII), which inhibited the enzyme from both sources to 
a nearly equal extent. The inhibitory activity of 2,9-dimethyl-P- 
carbolinium iodide (1) was further studied with mitochondria1 MA0 
of human liver, heart, and brain; rat liver, heart, and brain; mouse 
liver; and bovine liver; tryptarnine and tyramine were used as sub- 
strates. Compound I was more effective than pargyline in inhibiting 
tryptamine oxidation by human M A 0  from peripheral tissues but 
was less active than pargyline toward tyramine oxidation. Kinetic 


studies on the inhibition of tryptamine oxidation indicated I to 
be a mixed-type inhibitor with M A 0  from human tissues and rat 
liver and competitive with M A 0  from rat hehrt and brain and bo- 
vine liver. The inactivation ot tryptamine oxidation by I was re- 
versible in nature, as was VII which bears a propargyl (CH2C= 
CH) group, the same group that endows pargyline with its irre- 
versible binding to MAO. Since the rate of irreversible inactivation 
of MA0 by pargyline was decreased by the presence of I, there 
exists the possibility of a common binding site for the two com- 
pounds. 


Keyphrases 0 M A 0  inhibitors, potential-synthesis of 2,9-disub- 
stituted 8-carbolinium halides 0 &Carbolinium halides. 2,9-di- 
substituted-synthesis, inhibition of M A 0  


Accumulated evidence for multiple forms of M A 0  
in various tissues suggests differences in the metabolism 
of biogenic amines in the central and peripheral nervous 
systems (1-8). Many compounds, including those of 
the potent irreversible type such as iproniazid, pargyline, 
and tranylcypromine, do not exert selective inhibition 
of MA0 of either the central or peripheral nervous 
system. An inhibitor whose action is specific for M A 0  
of peripheral tissues may be useful in determining the 
origin of hypertension and the mechanism of reserpine 
action and would prove valuable in the therapy of angina 
pectoris because of the absence of central behavioral 
effects. In addition, selective inhibition of centrally 


localized M A 0  could be achieved with the combination 
of a nonspecific irreversible inhibitor and a specific 
peripheral reversible inhibitor; this would involve pre- 
treatment with the latter to saturate the periphefal 
enzyme binding site, thus allowing exposure of only 
central M A 0  to the irreversible inactivation by the 
former. The effects of peripheral inhibition would be 
short lived, while the central effects from the irreversible 
inhibitor would be manifested until the enzyme could 
be regenerated (9). 


One approach to  designing an inhibitor with these 
characteristics involves exploiting the impermeability 
of cerebral tissue to highly polar compounds. Quater- 
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present in the fllm. The molar ratio of carcinogen to cholesterol 
initially prepared versus the association estimated from expansion 
of the resulting films is plotted in Fig. 3. The data show that after 
spreading a solution containing a 5 : 1 carcinogen-cholesterol initial 
ratio, a 1 : 4 molecular association results at the interface. Although 
this association appears to be self-limiting as carcinogen concentra- 
tion is increased iy the film, the’limiting value and its si8ni6cance 
are still unknown. 


Surface potential data reinforced the concept of Carcinogen as- 
sociation at the interface. The 3 : 1 and 5 : 1 carcinogenic films were 
statistically different from the noncarcinogenic films regardless of 
subphase. These results were not unexpeded in view of thar *-A 
isotherms, since the 3:l and 5:l carcinogen+holesteroI films 
showed the greatest expanding &wt. 
These results demonstrate a wry useful dEerence existing between 


a carcinogenic and a noncarcinogenic or weakly Carcinogenic i s o m  
at the air-waterinterface. This method conceivably may be useful 


in discriminating between other carcinogenic and noncarcinogenic 
isomers. Furthermore, cell membrane integrity or disruption at the 
molecular level may be a canar-initiating step for carcinogens 
prior to interaction with otha aitjcal targets within the cell. 
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Constituents of Mummu umerkunu L. XII: 
Biological Data for Xanthones and Benzophenones 


R. A. F F G A N ’ ,  K. E. MERKEL, e d  J. K. PATEL 


Abstract 0 Sarcoma 180 inhibition data are presented for a nun- 
ber of related xanthones and benzophenon@; a few showed signifi- 
cant activity. One of these was also tested in uiuo against Ehrlich 
ascites tumor. Four hydroxyxanthones isolated from a polar ex- 
tract sf Mammea americana L. (Guttiferae) seeds did not account 
for the activity of the extract. The results of two antibqctenal 


A previous paper (I) described the isolation and 
structure determination of a variety of coumarin de- 
rivatives from mamey oil (the dewaxed petroleum ether 
extract of Mammea americana L. seeds) and reported 


assays for a few of these compounds are also presented. 


Keypbrpses 0 Mammea americana L.-xanthone constituents and 
related benzophenones. antitumor and antibacterial activities 0 
Xanthones-from Mammea americana L., antitumor and anti- 
bacterial activities 0 Benzophenones-antitumor and antibacterial 
activities 


the significant antitumor activity (against Sarcoma 180) 
of the extract as well as that of a number of the con- 
stituent coumarins. During these studies the more polar 
extract, obtained by extraction of the seed residue with 
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Table I-Grnwth Inhibitory Activity of Various Simple Xanthones 
against Sarcoma 180 Tumor Cells 


0 


Table II-Growth Inhibitory Activity of Various Benzophenone 
and Pivalophenone Derivatives against Sarcoma 180 Tumor Cells 


0 


IDso, 
Number Xanthone Reference mcg./ml. 


IDSO, 
Number Compound Reference mcg./ml. 


I xanthone. - 11 . 
I1 1-Hydroxy 6 21 


111 2-Hydroxy 2 25 
IV 3-Hydroxy 6 35 
V 3-Hydroxy-5,6,7,8-te$mhydro 6 
VI 4Hydroxy 3.7 VII 1 J-Dihydroxy 7 2.5 


VIIt 1,EDimethoxy 7 120 
IX 1 .SDihvdroxv 3.7 6.6 


1: 


X 1 :bDih;drox; -. ~- < - - -  . ._ 


XI 1 ,'I-Dihydroxy 
XI1 3,4Dihydroxy 
XI11 3,EDihydroxy 
XIV 3.6-Dihvdroxv 
XV 1:3.6-Tnhvdr6xv 


3; 7 1.8 
3.7 8.6 
7 23 


7.0 
26 


3,7 
6 
6 14 


XVI 1 ;3;8-Trihidroxi 6 io 
XVII 1,3,6,8-Tetrahydroxy 6 35 
XVIII 1,3,6,7-Tetrahydroxy-2-C-B- 10 440 


D-glucosylxht hohe, 
mangiferin 


Commercially available. 


benzene (2) and ethanol, also was examined (3, 4). 
That investigation was prompted by the observation 
that the ethanol extract provided an ID6o value of 514 
mcg./ml. when assayed against S-180 tumor cells 
grown in stationary cell culture. Two sets of isomeric 
xanthones, 2- and 4-hydroxyxanthones (111 and VI) 
and 1,s- and 1,7-dihydroxyxanthones (IX and XI), 
were subsequently isolated from this polar extract. 
Their structures were dekrmined by comparison with 
synthetic materials (2-4). At the same time, a number 
of other xanthones were prepared (5-7) for comparison 
purposes and these were also included in the S-180 
screen. 


EXPERIMENTAL 


The Compounds-A few of the test compounds (I ,  XIX-XXI, 
and XXV) were commercially available. Some (IX, XXIII, XXIV, 
XXVI-XXX, and XXXII) were prepared in this laboratory for the 
first time. The remaining compounds were known and were, in 
general, prepared by using previously reported p r d w .  A some- 
what improved procedure was used to prepare XXXI. Compound 
XVIII was used as isolated from Hiptage madoMota Geartn. Syn- 
thetic samples of the compounds isolated from M. americana L. (111, 
VI, IX, and XI) were used. 


References to the preparation or isolation of all the compounds 
are given in the tables. In each case except Compomd XXX, ex- 
perimental details are given as wed as relevant literature citations. 
Compound XXX was prepared by the photo-Fries mmangement 
of 2,6-diisopropylphenyl pivalate and details will be provided upon 
tequest. 
Tbe Tests-A description of the S180 assay (Tables I and 11) 


was given previously (I). Values for IDSO (dose for 50% inhibition 
of growth) of less than 5 mcg./ml. for a pure compound and less 
than 21, mcg./mi. for a crude extract are considered significant'. 


~~~~ ~ ~~ 


1 The authors thank Professor N. Back, Department of Biochemical 
Pharmacology. State University of New York at ButTalo, for obtaining 
these data. 


XIX xx xxr 
XXII 
XXIII 
XXIV xxv 
XXVI 
XXVII 


Benzaphenoneo 
2-Hydrox y o 
CHydroxy a 
2,2',3,4Tetrahydroxy 
2,3,3 ',4'-Tetrahydroxy 
2,2',3,4 ' -Tetrahydroxy 
2,2 ' ,4,4'-Tetrahydroxyo 
2-Hydroxy4-tert-butyl 
2-Hydroxy4,6-di:tert-butyl 


0 


337 
3,7 


11 
11 


33 
33 
29 -~ 


1 .o 
2.6 


6.6 


18 
17 


0.066 


XXVIII 2-Hydroxy-3-tert-butyl 12 24 
XXIX 4Hydroxy-Etert-butyl 12 22 
XXX 4Hydroxy-3,S-diisopropylb - 18 


a Commercially available. * R. A. .Finnegan and D. Knutson. un- 
published preparation. 


The antibacterial results (Table 111) were determined* using 
procedures described in the literature (8, 9). 


RESULTS AND DISCUSSION 


The results shown in Table I indicate that the substances isolated 
from the extract (111, VI. IX, and XI) are not sufficiently active 
to account for the activity of the crude exfract. However, the syn- 
thetic 1,3- and 1,ddihydroxyxanthones (VII and X) showed n o t e  
worthy activity. Further hydroxylation in the equivalent positions 
of the second ring (Compounds XV-XVII) decreased this activity. 
Compound XVIII was available in the laboratory (10) and was in- 
cluded for comparison. 


A method used for the preparation of certain of the xanthones 
involves the cyclodehydration of an appropriately substituted 
benzophenone. Several of these precursors (XXII-XXV and XXXII) 
were on hand and they were also assayed along with benzophenone 
(Xu() itself and two of its monohydroxy derivatives (XX and 
XXI). In addition, a pair of benzophenones (XXVI and XXVII) and 
a g o u p  of pivalophenones (XXVIII-XXX) were available from 
other studies going on in the laboratory (11, 12) and these were 
also included. The results are listed in Table 11. While two of the 
tetrahydroxybenzophenones, XXII and XXIII, showed excellent 
activity, the alkylated hydroxybenzophenone, XXVII, showed activ- 
ity at least on an order of magnitude greater still. This is reminiscent 
of the activity exhibited by the alkylated hydroxyketones in the 
coumarin series (1) and gives a direction to further studies involving 
alkylated bydroxybenzophenones as well as alkylated hydroxy- 
xanthones. 


The acute LDSo of Compound XXVII in mice was found to be 
greater than 500 mg./kg., and the %day dose LDSo was greater than 
100 mg./kg.*. Against Ehrlich ascites tumor in mice, the IDSO (5- 
day dosing) of XXVII was 100 mg./kg,'. 


Finally, several of the compounds were examined for antibacterial 
activity against Escherichia cdi and Streptococcus faecalis with the 
results shown in Table 111. A few of the compounds (1, XXI. and 


* Under the direction of Professor A. Bloch. Roswell Park Memorial 
Institute, Buffalo, N. Y. 


'These data were obtained through the courtesy of Prof. Peter 
Hebborn of the Department of Biochemical Pharmacology, State 
University of New York at Buffalo. 
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Tabk IU-Antibacterial Activity of Some Xanthones and 
Benzophenones against f iherichia cdi  (K12) and 
Streptococcus faecdis (8043) 


.-IDMI, moks/l.- 
NUmber Compound E.cdi  S. foecO& 


~~ _____ 


>lo-' lXlO-" 
>lo-' 9 x  10-4 
>lo-* 8 x 1 0 1  >lo-' 1 x lo-' 
-1 4 


X X I G  3XlW' 3 X l P f  
XXV >lo-' >lo-' 


XXM. 1 Xlo-* 9x10-' 
XXXP 1,8-Dihydroxyxanthone (6) >>lo-' >>lo-' 


XXXII 2,2'.3,3'-Tetrahydroxybenze 6 X lo-' * 1 X lo" * 
p h o n e  (5 .6)  


hedmn Lett., 1966, 6087. 


(1972). 


at  Buffalo, Buffalo, N. Y., 1970. 


Baalo ,  Buffalo, N. Y., 1967. 


R. H. Hall, J. Med. Chem., 9,886(1966). 


ibid., U, 653(1%9). 


and A. K. Bhattacharya, J. Phann. Sci., 57,1039(1968). 


3429. 


172. 


( 5 )  R. A. Finnegan and K. E. Merkel, J. Org. Chem., 37,2986 


(6) K. E. Merkel, Ph. D. thesis, State University of New York 


(7) J. K. Patel, M. S. thesis, State University of New York at 


(8) A. Bloch, M. H. Fleysk,  R. Thedford, R. J. Maue, and 


(9) D. A. Shuman, A. Bloch, R. K. Robins, and M. J. Robins, 


(10) R. A. Finnegan, R. A. Stephani, G. Ganguli, S. N. Ganguly, 


(11) R. A. Finnegan and D. Knutson, Tetmhedmn Lett., 1968, 


(12) R. A. Finnegan and D. Knutson, Chem. Commun., 1%6, 


a Suspendon. * One hundred ceot inhibition at 10- * M. 0 Com- 
gound precipitated when test soEon was added to medium. J No ef- 
ect at 0-5 M; at 10-* M, a 36% growth enhancement was observed. 


* No effect at 10-6 M; at 10-8 M, an 81 % growth enhancement was ob- 
served. I One hundred percent inhibition at 10-4 M. 


XXXII) showed borderline activity (IDS, values of about lo-' M) 
against one or the other of these organisms. 
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Synthesis and Antifungd- .Activity of Polyhalophenyl 
Esters of pSulfamoylc$&inilic L Acid 


G. MOHTAT, N. REZVANI, M.'EMAMI, and I. LALEZARI' 


Abstract Several polyhalophenyl esters of psulfamoylcarbadic 
acid were prepared and tested for antifungal activity against 
Condida dbicatas. Penicillium notatum, and Aspergillus niger. 
Pentachloro-, tribrome, and triiodophenyl esters were found to be 
the most active. 


Keyplmum 0 pSulfamoylcarbanilic acid, polyhalophenyl esters- 
synthesized and screened as potential antifungal agents 0 Anti- 
fungal agents, potential--synthesis and screening of polyhalophenyl 
esters of psulfamoylcarbanilic acid 


Recently, it was reported that polyhalophenyl esters 
of p-substituted carbamic acids as well as polyhalo- 
phenyl esters of pyridyl- and quinolyl-karbamic acids 
( I ,  2) showed significant antifungal activities. 


In the present work, a series of polyhalophenyl esters 
of p-sulfamoylcarbanilic acid was prepared by interac- 
tion of p-sulfamoylbenzoyl azide and the appropriate 
phenol in boiling toluene or xylene (Scheme I). 


boiling toluene 


01 xylene 
pNHzSWd%CONc + AroH - 


pNHtschCeH1NHC0oAr + Ni 
Scheme I 


The physical data of all new compounds are reported 
in Table 1. The antifungal activity of all compounds was 
determined' in vitro against Candida albicans 1959-2, 
Penicillium notatum 154-3, and Aspergillus niger A-23. 
Concentrations of 5, 10, and 25 mcg./ml. of each com- 
pound were used. 


Compounds 11-IV were dissolved in acetone, Com- 
pounds I and V were dissolved in 60% ethanol, and 
Compounds VI-XI were dissolved in 96% ethanol, all 
at concentrations of 5 mg./lO ml. These solutions were 
diluted with hot culture medium to the desired concen- 


1 Using BBL Sabouraud dextrose agar medium. The microorganisms 
were obtained from the Department of Parasitology, Public Health 
Institute. Iran. 
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Production of Hypertension with Desoxycorticosterone 
Acetate-Impregnated Silicone Rubber Implants 


H. S. ORMSBEE, 111, and C. F. RYAN' 


Abstract 0 A simple method for the production of drug-impregnated 
silicone rubber implants for sustained-release drug administration 
is described. This method involves incorporating the drug in un- 
polymerized silicone rubber, adding catalyst, and casting the 
drug-silicone rubber mixture in a hemicylindrical shape in a meth- 
acrylate mold. The utility of this method was investigated with 
desoxycorticosterone acetate. Desoxycorticosterone acetateimpreg- 
nated silicone rubber implants were inserted subcutaneously in 
rats, unilateral nephrectomy was performed, and the rats were 
maintained on 1% sodium chloride solution in place of drinking 
water. Systolic blood pressure was determined by an indirect tail 
CUR method. Rats receiving doses of desoxycorticosterone acetate, 
ranging from 50 to 500 mg./kg., developed hypertension within 3 
weeks. Desoxycorticosterone acetate in a dose of 100 mg./kg. a p  
peared to be most suitable for inducing sustained hypertension. 
The advantages of this method for the production of experimental 
hypertension and the general applicability of this method for sus- 
tained-release drug administration are discussed. 


Keyphrasea 0 Desoxycorticosterone acetateimpregnated silicone 
rubber implants-preparation, used to induce hypertension, rats 
IJ Silicone rubber implants, desoxycorticosterone acetate impreg- 
nated-preparation, used to induce hypertension, rats 0 Hyper- 
tension-induced by desoxycorticosteroneimpregnated silicone 
rubber implants, rats 0 Implants, desoxycorticosterone acetate- 
impregnated silicone rubber-preparation, used to induce hyper- 
tension, rats 


Dimethylpolysiloxane has been shown to be inert in 
the presence of many chemicals and to be well tolerated 
by biological tissues following intradermal or sub- 
cutaneous administration (1). For these reasons, di- 
methylpolysiloxane and other types of silicone rubber 
have found wide application as tissue prostheses and, 
more recently, as an experimental means of sustained- 
release drug administration. In 1965, Bass et al. (2) 


demonstrated a prolonged pharmacological response 
following the subcutaneous administration of atropine 
encapsulated in segments of silicone rubber tubing. 
Dziuk and Cook (3) reported that subcutaneous ad- 
ministration of melengestrol acetate encapsulated in 
silicone rubber tubing or sheeting was a suitable method 
for the inhibition of estrous in ewes. Numerous in vitro 
studies (3-5) demonstrated that a variety of steroids are 
able to diffuse through silicone rubber barriers. 


Chang and Kincl (6) compared the effectiveness of 
megestrol acetate as a function of the route of ad- 
ministration. They observed that subcutaneous im- 
plantation of segments of silicone rubber tubing con- 
taining megestrol acetate was the most efficacious mode 
of administration; from 6 to 25 times less steroid was 
needed to produce comparable biological effects. Later, 
Chang and Kincl (7) presented further evidence in- 
dicating that the effectiveness of subcutaneous ad- 
ministration of steroids encapsulated in silicone rubber 
is much greater than conventional subcutaneous ad- 
ministration of steroids in oil. 


A review of this literature suggested that a modi- 
fication of these procedures might be a convenient 
method of drug administration for the production of 
experimental hypertension in rats. Studies are cur- 
rently in progress in this laboratory to evaluate the 
antihypertensive activity of a series of grayanotoxin ana- 
logs. To evaluate antihypertensive activity properly, it 
is necessary to conduct the studies in hypertensive 
animals. Hypertension may be produced in rats by a 
variety of procedures. One convenient procedure in- 
volves unilateral nephrectomy, chronic administration 
of desoxycorticosterone acetate, and maintenance of 
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Figure 1-Plexiglas mold used to cast silicone rubber implants. The 
mold is constructed of methacrylate plastic, with five hemicylindrical 
groows routed in it. The number of grooves andthe dimensions of the 
mdd are not critical. 


the rats on 1% sodium chloride solution in place of 
drinking water. A significant degree of hypertension 
usually develops within 4-8 weeks. Daily administra- 
tion of desoxycorticosterone acetate over this period 
becomes quite time consuming. For this reason, a 
variety of sustained-release preparations of desoxycorti- 
costerone acetate have been evaluated, but these prepa- 
rations have the disadvantage of being time consuming to 
prepare and/or are expensive. 


This study describes a simple and convenient method 
for the preparation of drug-impregnated silicone rubber 
implants. This preparation was used to produce hyper- 
tension in rats. 


EXPERIMENTAL 


Comtmction of Mold-A silicone rubber implant of constant 
geometry and constant drug content was prepared by curing a 
silicone rubber fluid in a suitable mold. The mold was constructed 
from a 1.27-cm. thick sheet of methacrylate1 plastic, 10.32 cm. wide 
and 31.00 cm. long (0.5 X 4.0 X 12.0 in.). The dimensions of this 
mold are not critical (Fig. 1). The plastic sheet was routed lengthwise 
to form five hemicylindrical grooves with a radius of 0.322 cm. each. 
The interior surfaces of these grooves were smoothly polished to 
facilitate removal of the cured silicone rubber. Sticking was further 
decreased by coating the mold with a thin film of silicone mold re- 
leasing agent' before each use. 


Pceprvptioa of Implants-Preliminary experiments had suggested 
that a convenient concentration of desoxycorticosterone acetate' 
was approximately 10-100 mg./implant. Five doses of desoxy- 
corticosterone acetate were tested, and a multiple of each dose was 
carefully weighed and added to a quantity of uncured silicone 
rubber' sufficient to  produce a desired number of implants. The 
drug was thoroughly incorporated into the silicone rubber in geo- 
metric dilution by stirring with a spatula on a watch glass ( l k m .  
diameter). 


After the drug was incorporated into the silicone rubber, the 
catalyst, stannous octoate', was added and thoroughly mixed. The 
addition of 48 drops of catalyst/454 g. of drugsilicone mixture 
provided an adequate working time of about 10 min. The mixture 
was then transferred into the grooves of the mold. The edge of a 
spatula or a glass microscope slide was used to smooth the fluid mix- 
ture into the grooves and ensure that the surface of the hemi- 
cylinder being formed was even with the surface of the mold. The 


1 Plexiglas. 
* IMS silicone spray partin agent. 
a 21-Hydroxypre n-4-ene-3SO-dione acetate. 


Dow Corning !hastic 382. 
Dow Corning Catalyst M. 


Table I-Desoxycorticosterone Acetate Treatment Schedule 


Number of Number of 
Treatment Animals AnimalsAlive Dose, 


Group Treated atweek 11 mg./kg. 


Control 7 5 0 
1 9 8 1 
2 11 10 10 
? 8 7 50 - 
4 
5 


10 
8 


8 
0 


._ 


100 
500 


silicone was allowed to cure at room temperature for 24 hr. After 
curing, the silicone rubber hemicylinder was stripped from the mold. 
The appropriate dosage of desoxycorticosterone acetate could then 
be easily obtained by laying the silicone rubber hemicylinder beside 
a ruler and cutting off a given length with a razor blade. 
Production of Hyperterrslon-Male Rolfsmeyer rats, with an 


average weight of 144 g., were. assigned to six treatment groups of 
a completely random design with unequal replication. Systolic blood 
pressure of each rat was indirectly determined at  weekly intervals 
using a tail cuff plethysmograph apparatusa. After control blood 
pressure parameters were established, the rats were anesthetized 
with methoxyflurane and unilaterally nephrectomized using aseptic 
technique. A l-cm. transverse incision was made through the skin 
just anterior to the scapulae, and a 5-cm. silicone rubber implant 
was inserted subcutaneously. The implant was positioned with its 
flat surface parallel to the spine on the dorsal musculature of the 
rat, and the incisions were closed with wound clips. The treatment 
schedule is presented in Table I. 


The rats were randomly housed in individual cages, with free 
~cctss to commercial rat food and to 1 sodium chloride solution 
in place of drinking water. It was necessary to add tetracycline 
(5 gall.) to the sodium chloride solution at periodic intervals to  
prevent the development of chronic respiratory disease. The rats 
received the tetracycline-sodium chloride solution during Weeks 
2,4,6, and 8. During Weeks 0, 1,3,5,7,9, and 10, the rats received 
sodium chloride drinking water only. 


The data were analyzed by an analysis of variance for a completely 
random design with unequal replication (8). Statistical significance 
was determined using Waller-Duncan's (9) multiplecomparison 
procedure for a "k" ratio of 100:1, which corresponds to the con- 
ventional 5% level of significance. This method was used to test the 
data within each week. 


Rats with systolic blood pressures greater than 160 mm. of 
mercury were considered to be hypertensive. 


RESULTS 


Figure 1 illustrates a convenient mold design for producing sili- 
cone implants of the type used in this study. The results of various 
desoxycorticosterone acetate implant treatments are presented 
graphically in Fig. 2. Figure 2 presents the mean systolic blood 
pressure of the various treatment groups as a function of time in 
weeks. The major findings illustrated by Fig. 2 are: 


1. Doses of desoxycorticosterone acetate ranging from 50 to 
500 mg./kg. produced significant ( p  < 0.05) hypertension by Week 3 
(2 weeks postimplentation). 


2. Doses of desoxycorticosterone acetate of 1 and 10 mg./kg. did 
not produce any  Significant ( p  > 0.05) change in systolic blood pres- 
sure. 


3. The initial rate of development of hypertension was similar 
after desoxycorticosterone acetate implants of 50, 100, and 500 
mg./kg. 


A desoxycorticosterone acetate-silicone implant containing a 
lWmg./kg. dose of steroid appears to be most suitable for inducing 
hypertension. This dose (100 mg./kg.) produced hypertension sig- 
niRcantly greater ( p  < 0.05) than any other dose after Week 3, 
except for the 500-mg./kg. dose. The hypertension produced by 100 
mg./kg. desoxycorticosterone acetate was sustained throughout the 
entire study. The 500.mg./kg. dose level of desoxycorticosterone 
acetate produced hypertension which was not significantly different 


6 Narco Biosystems, Inc. 
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Figure 2-Pr~duction of desoxycorticosterone acetate (D0CA)- 
sodium chloride hypertension in rats. The systolic M o o d  pressure was 
determined indirectly at weekly intervals by tail cuffpfethysmogmphy. 
At Week I ,  all animals were unilaterally nephrectomised and a 5-cm. 
silicone rubber implant was inserted subcutaneously. F iw  of the six 
treatment groups receiwd implants containing Darious doses of 
desoxycorticosterone acetate. AN animals were maintained on I 
NaCI sdution in place of drinking water. The data are expressed as 
the mean systolic blood pressure in millimeters of mercury f SEM 
versus time in weeks. 


( p  > 0.05) from that produced by the lWmg./kg. dose; however, 
all of the rats that received the MO-mg./kg. dose were dead by Week 
8 of the study. 


DISCUSSION 


The subcutaneous insertion of desoxycortifosterone acetate 
impregnated silicone rubber implants combined with unilateral 
nephrectomy and maintenance on I sodium chloride solution is an 
effective means of producing hypertension in the rat. Desoxycorti- 
costerone acetate in doses of 50-. lW, and MO-mg./kg. produced 
statistically significant elevations of systolic blood pressure. A p  
parently, the dose of 50 mg./kg. is approximately the threshold dose 
for producing sustained hypertension, since some animals within this 
treatment group remained hypertensive while others returned to con- 
trol blood pressure levels. The lWmg./kg. dose appears to be the 
most suitable, because apparent metacorticoid hypertension was 
produced with this dose of desoxycorticosterone acetate. The high- 
est dose was clearly unsuitable, since all of the animals treated with 
desoxycorticosterone acetate in doses of 500 mg./kg died within 8 
weeks. The total dose of desoxycorticosterone acetate necessary to 
produce a statistically significant degree of hypertension is much 
less than that employed in other desoxycorticosterone acetate 
sodium chloride methods (10, 11). 


The method described here appears to have several advantages 
over previously described methods of inducing desoxycorticosterone 
acetatesalt hypertension. The desoxycorticosterone acetateim 
pregnated silicone rubber implants take only minutes to prepare, 
are ready for implantation within 24 hr., and do not require any 
specialized, expensive equipment for their preparation. The molds 
may be made easily and inexpensively in practically any desired 
size or shape. Dosage adjustment is easy and reproducible. 


The results pmented here suggest that desoxycorticosterone 
acetate slowly diffuses from the silicone rubber implant to produce 
sustained blood levels of desoxycorticosterone acetate. The kinetics 
of this release are currently under investigation. The possibility of 
altering the kinetics of release with various adsorbents and changes 
in implant geometry and drug concentration are also being studied. 


It is apparent that this method may have general applicability for 
the chronic administration of a variety of drugs. Some possibilities 
include the chronic administration of histamine or nicotine to in- 
duce gastric ulceration, the administration of antibiotics, use in 
chronic toxicity studies, and the induction of experimental drug de- 
pendence. 


SUMMARY 


1. A simple and inexpensive method of producing drug-impreg- 
nated silicone rubber implants was described. 


2. The implants were used to  produce hypertension in the rat. 
The method involves unilateral nephrectomy. subcutaneous inser- 
tion of a desoxycorticosterone acetateimpregnated silicone rubber 
implant, and maintenance of the rats on 1 sodium chloride solu- 
tion in place of drinking water. 


3. The general utility, advantages, and potential uses of this 
method were discussed. 
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Metabolism of Aspirin in Rumen and Corpus Tissues of Rat 
Stomach during First Four Minutes after Administration 


CLARENCE H. MORRIS', JOHN E. CHRISTIAN, ROBERT R. LANDOLT, and 
WARREN C. HANSEN 


A m c t  IJ TLC and liquid scintillation spectrometry were used to 
determine the identities and relative quantities of aspirin and 
its metabolites in the gastric juice, blood plasma, rumen (non- 
glandular portion), and corpus (glandular portion) of the rat 
stomach 4 min. after the oral administration of aspirin-7-1.C. 
It was found that aspirin and salicylic acid are the major compo- 
nents in the gastric juice, blood plasma, and rumen and corpus 
tissues. Trace levels of a compound with an R, value corresponding 
to that of salicyluric acid was found in the fluids and tissues an- 
alyzed. No glucuronide conjugates of salicylic acid or polyhy- 
droxy metabolites of aspirin were found. The level of salicylic acid 
was fourfold higher in the corpus tissue than in the rumen tissue. 


Keyphrases 0 Aspirin, radiolabeled-metabolism in rumen and 
corpus tissues, during first 4 min. after oral administration, rats, 
TLC and liquid scintillation spectrometric determination of 
metabolites 0 Salicylic aciddetermination as metabolite in 
rumen and corpus tissues of rat 4 min. after oral administration of 
radiolabeled aspirin 0 Metabolism-radiolabeled aspirin, deter- 
mination of metabolites in rat 4 min. after oral administration, 
rumen and corpus tissues 


It is well known that gastric irritation leading to the 
production of lesions and occult bleeding occurs in 
laboratory animals and man following oral administra- 
tion of salicylates (1,2). Aspirin has been reported (3,4) 
to produce gastric lesions in the corpus portion of the 
albino rat when administered orally at a level of 50 
mg./kg. of body weight. 


The production of gastric lesions following intra- 
venous administration of salicylates was reported by 
Hurley and Crandall (9, Grossman et al. (6), and 
Morns (7), but the lesions were much less severe than 
those produced by oral administration. 


Although systematic mechanisms have been proposed 
to explain the production of lesions, the present authors 
felt that the initial mechanism of lesion formation might 
be a localized chemical phenomenon since previous 
studies (3) had shown that some rats develop gastric 
lesions in the corpus (glandular) portion of the stomach 
within 5 min. after administration of aspirin.. Lesions 
have not been produced in the rumen (nonglandular 
portion) under the same experimental conditions. 


It, therefore, became of interest to identify and com- 
pare the relative quantities of aspirin and/or its metab- 
olites in the rumen and corpus tissues of the rat shortly 
after administration of a~pirin-7-~'C. 


MATERIALS AND METHODS 


Radiochemical purity of aspirin-F1C was established by TLC 
in conjunction with autoradiography and liquid scintillation 
spectrometry. The chemical identity and purity of standards of 
aspirin and its metabolites were established by melting point and 
TLC. 


Four d e  albino laboratory rats'. weighing between 100 and 
200 g., were fasted for 12 hr. prior to the ad~nhistration of aspirin- 
7-"c but were allowed water ad libitum until the time of drug ad- 
ministration. 


Drug Admlalstntlon-To achieve the most rapid and uniform 
absorption, 0.1 mc. (9.3 mg.) of aspirin-7-W was administexed 
orally as the sodium salt in 1.0 ml. of citrate buffer solution (pH 
4.6). 


Rocesslng of Tbue-Two minutes after administration of the 
labeled aspirin, the rats were anwthesized with ether and the 
stomachs were removed. The stomachs were opened along the line 
of lesser curvature and the contents were collected io a small vial. 
Each stomach was stretched and pinned on a large rubber stopper, 
and the mucosal surface was rinsed with 100 ml. of 0.9% saline. 
Four minutes following administration, the stomachs were rapidly 
frozen with dry ice. The chest cavities of the rats were opened, and 
blood samples were obtained by cardiac puncture using syringes 
which had been previously swabbed with heparin'. The blood was 
placed in a centrifuge tube and centrifuged for 10 min. at 46OOXg. 
While frozen, the rumen and corpus portions were separated. Each 
portion was minced and homogenized with 5 ml. of distilled water 
in a ground-glass tissue grinder, which was kept in an ice bath at  
4" to inhibit enzymatic action and spontaneous hydrolysis of as- 
pirin. 


Ideatlficntioa of Metabolites-Following homogenization, the 
tissue samples were centrifuged at 46OOXg for 15 min. Ten micro- 
liters of the aqueous supernate was spotted on thin-layer plates and 
analyzed for aspirin, salicylic acid, salicyluric acid, 2,3-dihydroxy- 
benzoic acid, 2,5-dihydroxybenzoic acid, and 2.3.5-trihydroxy- 
benzoic acid, utilizing the solvent systems described later. Ten- 
microliter samples of blood plasma and gastric juice were analyzed 
for these compounds in a similar manner. The remaining tissue was 
resuspended in the supernate, and the suspension was analyzed for 
the presence of salicyl acyl- and salicyl phenolic glucuronides using 
an extraction method -bed by Schachter (8) and Schachter and 
Manis (9), followed by TLC, autoradiography. and liquid scintilla- 
tion spectrometry. 


To determine the amount of spontaneous hydrolysis of the aspirin 
occurring during storage and analytical procedures, an aliquot of 
the dose solution was added to homogenized rumen and corpus 
tissue taken from four untreated animals. These samples were 
subsequently treated exactly as the experimental samples. An 
aliquot of the dose solution itself was also analyzed. 


TLC-A stationary phase of standard thickness (250 p )  silica 
gel G mixed with fluorescent indicator on a thin aluminym back- 
ing was used for all thin-layer chromatographs'. The following 
solvent systems w e  used to identify aspirin and its metabolites in 
the gastric juice, blood plasma, and rumen and corpus tissues. 
Petroleum ether (boiling range 30-60") and propionic acid (1O:l 
v/v) were used to separate aspirin and salicylic acid from each other 
and from the rest of the metabolites. A benzene, ether, glacial 
acetic acid, and methanol (120:60:18:1 v/v) system was used to 
separate salicyluric acid from the rest of the metabolites. A system 
of benzene, glacial acetic acid, and water (2:2:1 v/v) was used to 
separate the polyhydroxy metabolites from each other and from 
the rest of the metabolites. In all cases, unlabeled, authentic 
standards of the compounds were used to identify the labeled com- 
pounds found. 


In the final stages of the work, two additional solvent systems 
were used to confirm the identities of aspirin and salicylic acid. 


* Holtman Rat Co.. Madison. Wis. 
f Abbot Laboratones. North Chicago. Ill. * Brinkmann Instruments Co., Westbury. N. Y. 
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Table I-Mean PeKxnta and Ranges of Total Activity of Aspirin and Its Metabolites in Rat Tissues 4 mh. after 
Administration of Aspirin-7J4C 


~~ ~~ ~~ 
~ ~ ~ 


pcrcen 
of T o 2  
Radi.0- 
actiwty 


-Aspirin- -Salicylic Acid- ----salicyluric Acid- Identified. 
Tissue Analyzed Mean Range Mean Range Mean Range Mean 


Gastric juice 91.1 71.34V.9 6.9 1.5-22.0 0.1 0.09-0.19 98.1 
Blood plasma 65.1 60.3-73.9 18.8 0.0-31.6 11.5 3.4-19.6 95.4 
Rumen tissue 91.8 87.8-94 .O 6.6 0.0-10.5 0 . 6  0-1.19 99.0 
Corpus tissue 74.0 64.7-88.2 25.4 11.3-35.0 0.5 0 .el. 59 99.9 


,, All percentages are averages taken from four animals. 


These systems were hexane, glacial acetic acid, and chloroform 
(4 : 1 : 1 v/v) and carbon tetrachloride, ether, glacial acetic acid, and 
methanol (120:60:18: 1 v/v). 


After developing and drying the TLC plates. autoradiograms 
were made using no-screen medical X-ray film. Following exposure 
and development of the film, the Rf values of the standards (ob- 
served with UV radiation) were compared with the R/ values of 
the labeled compounds (observed by autoradiography). Subse- 
quently, the areas corresponding to the R, values of the labeled 
compounds, the origin, and the solvent front were removed and 
placed in counting vials, and the amount of radioactivity in each 
sample was determined by liquid scintillation spectrometry4. The 
internal method of standardization (10) was used to determine the 
disintegration rate of each sample. The scintillation solution con- 
sisted of 300 ml. xylene, 900 ml. dioxane, 900 ml. 2ethoxylethanol~, 
21 g. diphenyloxazole, and 168 g. naphthalene. 


RESULTS AND DISCUSSION 


The results of the analyses for aspirin and its metabolites in the 
gastric juice, blood plasma, and rumen and corpus tissues of the 
rat stomachs are presented in Table I. The percentage activity re- 
ported represents the mean percentage activity calculated from 
individual percentage activities from four animals. Each individual 
percentage activity represents the percentage of the activity for the 
compound in question relative to the total amount of activity 
spotted on the thin-layer plate. No glucuronide conjugates of 
salicylic acid or polyhydroxy metabolites of aspirin were detected. 


Trace amounts of a compound having the same Rf value as 
salicyluric acid were found in all samples examined for salicylwic 
acid, but it occurred as a significant percentage of total activity 
only in blood. The absolute amounts were so small (calculated to 
be approximately l & I 1  8.) that further verification of identity was 
not warranted. Jn addition, very low levels of labeled but un- 
identified compounds were detected at  the origin and solvent front 
in all systems studied. 


The major components found in the gastric juice, blood plasma, 
and rumen and corpus tissues were aspirin and salicylic acid. The 
amounts of aspirin found (corrected for spontaneous hydrolysis), 
expressed as percentage of total radioactivity, were as follows: 
gastric juice, 91.1 %; blood plasma, 65.9%; rumen, 92.1 %; and 
corpus, 74.0%. Spontaneous hydrolysis of aspirin equaled 1 .I 
in the gastric juice and blood, 6 z  in the rumen tissue, and 8.4% in 
the corpus tissue. The amount of salicylic acid found (corrected 
for spontaneous hydrolysis of aspirin) was as follows: gastric juice, 
6.9%; blood plasma. 18.8%; rumen, 6.6%; and corpus, 25.4z. The 
amount of salicylic acid found in the corpus tissue was fourbld 
higher than the amount found in the rumen tissue (25.4 oersus 


Tri-Carb liquid scintillation counter, model 3003, Packard In- 
strument Co.. Downers Grove, Ill. 


a Cellosol. 


6.6X). Analysis of variance showed no significant difference b 
tween: (a) gastric juice and rumen tissue, (b) blood plasma and 
corpus tissue, and (c) animals, and it showed a significant difference 
between: (a )  aspirin, salicylic acid, and salicyluric levels in all tissues. 
and (b) rumen and corpus tissue with respect to salicylic acid and 
aspirin kvels ( p  - 0.05). 


Since lgions occur only in corpus tissue under the conditions of 
this study, it is tempting to speculate that the higher levels of 
salicylic acid in that tissue may be related to lesion production. 
Historically, one undesirable side effect of sodium salicylate was 
gastric irritation, which was partly overcome by substitution on 
the phenolic hydroxyl group (11). It is possible to speculate that 
higher levels of esterase activity in corpus cells may account for tbe 
increased amounts of free salicylic acid in that tissue. The sig- 
nificance of this finding will be the object of future research. 
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ClsHinN,On, 238(4) C15H14Nz0, 237(26) C15H13Na0, 236(100) 
CisH1zNz0, 224(11) C1,HizNzO, 223(39) C1IH1IN20, 210(15) 
ClsHloN20, 209(6) CI3HON20, and 195(9) CI3HDNO; m* = 180.2 
[309(Mt) + 2361. 


V-ac.-vKBr: 3315 (N-H), 3070 (phenyl), 2960 (CHI), 2820 (N- 
CHd. 1640 (C=O amide), 1592 and 1506 (Dhenyl), 1478 (CHI and 
CH;), 1457and 1392(CH,), 1327 (Ar-N), 1i5o(N-C&), 1168 and 
1142 (C-N), and 770 (c-substituted phenyl) cm.-I. m/e (relative in- 
tensity): 309(66) C18H1~N302, 251(12) CloHlrNzO, 250(100) C16Hla- 


210(5) CI3Hl0N20, and 209'15) C I ~ H ~ N Z O ;  m* = 202.3 [309(Mt) - 
2501. 


VI-ac.--vKBr: 3295(N-H), 3060(phenyl), 2930(CH~), 1630(C=O 
amide), 1597 and 1502 (phenyl), 1475 (CH, and CH?), 1458 and 
1390 (CH,), 1298 (Wring H), 1249 (N-CHI), 1160 (C-N), and 762 
(o-substituted phenyl) cm.-l. m/e (relative intensity): 295(74) 


ClaHlZN20, 223(63) C14HllN20, 210(16) Cl3HIONZO, and 195(12) 
C1,HgNO; m* = 188.8 [295(M?) + 2361. 


Nz0, 238(7) CiSHirNzO, 237(34) C15HlaNz0, 224(13) CinHnNzO, 


CnH17Na02, 237( 19) CIBHI~NZO, 236(100) CI~HENZO, 224(15) 
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Inhibition of MA0 by P-Carbolinium Halides 


BENG T. HO', PATRICIA M. GARDNER, and K. E. WALKER 


Abstract 0 In the search for a compound capable of selective in- 
hibition of peripheral MAO, a number of 2,9-disubstituted @-car- 
bolinium compounds were synthesized. With tryptamine as the 
substrate, these compounds generally exerted greater inhibition of 
the enzyme from human liver mitochondria than that from bovine 
liver. An exception to this was 2-propargyl-9-methyl-@-carbolinium 
bromide (VII), which inhibited the enzyme from both sources to 
a nearly equal extent. The inhibitory activity of 2,9-dimethyl-P- 
carbolinium iodide (1) was further studied with mitochondria1 MA0 
of human liver, heart, and brain; rat liver, heart, and brain; mouse 
liver; and bovine liver; tryptarnine and tyramine were used as sub- 
strates. Compound I was more effective than pargyline in inhibiting 
tryptamine oxidation by human M A 0  from peripheral tissues but 
was less active than pargyline toward tyramine oxidation. Kinetic 


studies on the inhibition of tryptamine oxidation indicated I to 
be a mixed-type inhibitor with M A 0  from human tissues and rat 
liver and competitive with M A 0  from rat hehrt and brain and bo- 
vine liver. The inactivation ot tryptamine oxidation by I was re- 
versible in nature, as was VII which bears a propargyl (CH2C= 
CH) group, the same group that endows pargyline with its irre- 
versible binding to MAO. Since the rate of irreversible inactivation 
of MA0 by pargyline was decreased by the presence of I, there 
exists the possibility of a common binding site for the two com- 
pounds. 


Keyphrases 0 M A 0  inhibitors, potential-synthesis of 2,9-disub- 
stituted 8-carbolinium halides 0 &Carbolinium halides. 2,9-di- 
substituted-synthesis, inhibition of M A 0  


Accumulated evidence for multiple forms of M A 0  
in various tissues suggests differences in the metabolism 
of biogenic amines in the central and peripheral nervous 
systems (1-8). Many compounds, including those of 
the potent irreversible type such as iproniazid, pargyline, 
and tranylcypromine, do not exert selective inhibition 
of MA0 of either the central or peripheral nervous 
system. An inhibitor whose action is specific for M A 0  
of peripheral tissues may be useful in determining the 
origin of hypertension and the mechanism of reserpine 
action and would prove valuable in the therapy of angina 
pectoris because of the absence of central behavioral 
effects. In addition, selective inhibition of centrally 


localized M A 0  could be achieved with the combination 
of a nonspecific irreversible inhibitor and a specific 
peripheral reversible inhibitor; this would involve pre- 
treatment with the latter to saturate the periphefal 
enzyme binding site, thus allowing exposure of only 
central M A 0  to the irreversible inactivation by the 
former. The effects of peripheral inhibition would be 
short lived, while the central effects from the irreversible 
inhibitor would be manifested until the enzyme could 
be regenerated (9). 


One approach to  designing an inhibitor with these 
characteristics involves exploiting the impermeability 
of cerebral tissue to highly polar compounds. Quater- 
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Table I-Physical Constants of 2,9-Disubstituted 8-Carbolinium Halides 


-------Analysis, %-- 
Compound Melting Point Yield, % Empirical Formula Calc. Found 


48.03 
4.07 


I 270-274 a 66 CISHISINZ C 48.17 
H 4.04 


8.64 
64.67 
5.96 


11.48 
49.50 


4.41 


N 8.64 


H 5.84 
N 11.59 


111 279-279.5 O 75 C I J W N Z  C 49.72 
H 4.47 


I1 28 1-284' 70 CisHisClNz. ',/zHzO c 64.59 


IV 256-257 50 C~aHidNa 


V 265-266 60 C~~HITINZO 


N 8.29 
C 51.15 
H 4.87 
N 7.95 
c 47.47 
H 4.27 


8.43 
51.02 
4.83 
7.74 


47.37 
4.13 


N 7.91 7.73 
VI 237-238' 70 CisHisINzO c 45.90 45.78 


H 3.85 3.68 
N 8.24 8.21 


VII 219-220 O 53 Cl~HlsBrNz C 59.82 59.70 
H 4.35 4.78 
N 9.30 9.40 


nary ammonium compounds, for instance, are well 
documented as exhibiting difficulty in penetrating the 
brain (10). In this laboratory, a number of 2,9-disub- 
stituted 0-carbolinium compounds (Table I) were syn- 
thesized with this potential. 


EXPERIMENTAL' 


2,9-Dimethyl-8-carbolinium Iodide (I)-To a solution of 0.7 g. 
(3.8 mmoles) of 9-methyl-0-carboline (1 1) in 5 ml. of ethanol was 
added 0.56 g. (4.0 mmoles) of methyl iodide. After standing at room 
temperature for 48 hr., the product was filtered, yielding 0.8 g. 
(6673, m.p. 274-276". Compounds 111-VL were prepared by this 
procedure. See Table I for their physical constants. 
2-Propynyl-9-methyl-~-carbolinium Bromide (VI1)-To a solution 


of 0.88 g. ( 5  mmoles) of 9-methyl-8-carboline in 3 ml. of ethanol 
was added gradually 0.66 g. (5 .5  mmoles) of propargyl bromide. 
After standing at room temperature for 24 hr., the product was 
filtered and twice recrystallized from isopropanol-water, yielding 
0.80 g. (53.473, m.p. 219-220" dec. See Table I for its physical con- 
stants. 


2,9-Dimethyl-8-carbolinium Chloride (11)-A mixture of 1.8 g. 
(10 mmoles) of 9-methyl-fl-carboline, 2 g. (20 mmoles) of methyl 
chloride, and 15 ml. of ethanol was heated in a Parr bomb at 50" 
for 8 hr. After cooling, the product was filtered to yield 1.6 g. (70%), 
m.p. 281-284" dec. See Table I for its physical constants. 


Tissues-Human heart, liver, and brain were obtained at autopsy, 
within 12 hr. after death, from individuals devoid of pathological 
factors; these organs were stored at  -25". Bovine liver was ob- 
tained from a commercial source2. Rat heart, liver, and brain were 
taken from male Sprague-Dawley rats, 200-250 g., and mouse 
liver was taken from male Yale Swiss mice, 25-30 g. 


Purification of Enzyme-Mitochondria1 MA0 from human and 
rat liver was prepared by the method of Sordahl et al. (12) with the 
following modifications: ( a )  the tissue was homogenized in 10 vol- 
umes of 0.25 M sucrose; and (b)  the mitochondrial pellet was sus- 
pended in 1.6 times the original tissue weight of 0.01 N sodium phos- 
phate buffer, pH 7.6, and sonified for 30 min. while being main- 
tained at 4". The suspension was then centrifuged at 100,OOOXy 
for 1 hr., and the resulting supernate was stored at - 25" until assay. 


In the preparation of mitochondrial MA0 from human and rat 
heart, to ensure complete homogenization the heart tissue was 
ground through a small chilled tissue press before homogenization 
in 12 volumes of 0.25 M sucrose. The procedure described for liver 


1 Melting points were taken on a Mel-Temp apparatus and are cor- 
rected. Analyses were performed by Galbraith Laboratories, Inc., 
Knoxville, Tenn. IR spectra were taken with a Perkin-Elmer spectro- 
photometer, model 237B. and were compatible with the assigned struc- 
tures. 


2 Burton Brothers, Houston. Tex. 


MA0 was then followed, and the sonified suspension was used in 
the assay without further centrifugation. 


Since purification of mitochondrial MA0 from human and rat 
brain using the procedure for liver and heart yielded preparations 
of low specific activity, a modified method of Nagatsu et a/ .  (13) 
was used. The mitochondrial pellet obtained from the whole rat 
brain or occipital cortex of human brain was suspended in five 
times the original tissue weight of 0.01 M potassium phosphate 
buffer, pH 7.4. The suspension was heated at 40" for 10 min. and 
then rapidly cooled in an ice bath. To solubilize the mitochondrial 
enzyme, a nonionic detergent3 was added to a final concentration 
of 1 % with constant stirring. The mixture was stored overnight at 
0" and then centrifuged for 1 hr. at 107,OOOXg. The supernate 
was stored at - 25 until assay. 


Mitochondria1 MA0 from bovine and mouse liver was isolated 
and purified according to a published procedure (1 1). This proce- 
dure was similar to that used for human and rat liver. 


Enzyme Assay-All stock solutions of the compounds were pre- 
pared in water, except IV  which was dissolved in 50% aqueous di- 
methyl sulfoxide. Incubation using tryptamine-Z-IC hydrochloride 
as the substrate was carried out as previously described (11). When 
tyramir~e-l-~*C was used as the substrate, the product of the enzyme 
reaction was extracted with ethyl acetate from a highly acidic me- 
dium. In the case of IV, an equal amount of dimethyl sulfoxide was 
present in both the controls and the samples containing varying 
concentrations of the inhibitor. From a plot of the percent inhibi- 
tion uersus the molar concentration of the inhibitor, the concentra- 
tion of the compound producing 50% inhibition (Iso) was then de- 
termined. 
Ki and K,,, Determination-The approximate concentration of I 


producing 50% inhibition was used in experiments in which trypt- 
amine-2-'4C concentration was varied from 6 to 60 p M .  Plots of 
the reciprocal of the substrate concentration versus the reciprocal 
of the reaction velocity were constructed using the method of least 
squares. The K ,  value, where competitive inhibition was encoun- 
tered, was calculated according to the method of Dixon and Webb 
(14). When mixed-type inhibition was encountered, the method of 
Krupka (15) was used to calculate Ki values. 


Determination of Reversible and Irreversible Inhibition-Using 
the Iso concentrations of I, VII, or pargyline hydrochloride found 
with tryptamine deamination by human liver MAO, the inhibitors 
were preincubated with the corresponding enzyme preparations in 
the reaction mixture (without substrate) as described previously. 
After designated time intervals, tr~ptamine-2-1~C was added and 
the residual M A 0  activity was determined after an additional 30 
min. of incubation. In another experiment with human liver MAO, 
I and pargyline were combined in the same concentrations as when 
they were preincubated separately. A control was prepared by 


J Triton X-100. 
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Table 11-Inhibition of Human and Bovine Liver M A 0  by 
2,9-Disubstituted p-Carbolinium Halides 


X- o J I 2 L R .  
I 
R'! 


7 
6 
5 CI A - - 0 


Com- -150, pMao"C.- 
pound R2 R0 X Human Bovine 


I CHj CH3 I 3.0 16.0 
I1 CHs CH3 C1 2 .0  19.0 


I11 CzHa CHa I 21.0 100.0 
IV C3H7 CH3 I 23.5 112.0 
V CHa CHzOCHa I 18.0 180.0 


VI CH3 CHaOH I 5 . 5  178.0 
VII CH,C=CH CH3 Br 4.0 3.5 


Concentration of an inhibitor required to produce 50% inhibition 
of the enzyme. Each value represents the mean obtained from at least 
two experiments. Substrate: tryptamir1e-2-*~C hydrochloride. 


2 


- 1 1  


E 
0 


0.5 
3 
0 
0 
P 
0. 


0.1 


preincubating the enzyme alone for the same time intervals before 
the addition of substrate. From a semilog plot of nanomoles of 
product formed uersiis time of preincubation, reversibility or ir- 
reversibility of the inhibitors was estimated according to the method 
of Zeller et al. (16). 


RESULTS AND DISCUSSION 


The inhibitory activities of.several2,9-disubstituted 8-carbolinium 
halides with M A 0  from human and bovine liver mitochondria are 
shown in Table 11. With the exception of VII, these P-carbolines 
exhibited greater inhibition with the enzyme from human liver than 
that from bovine liver. While M A 0  from both sources was equally 
inhibited by VII, VI was 30 times more active with the human MAO. 
Further differentiation could be made by comparing V and VI; 
Compound VI inhibited human M A 0  three times more than V, 
but its ability to inhibit bovine M A 0  did not differ from that of V. 
It is possible that a group on the human enzyme capable of forming 
hydrogen bonding with the hydrogen of the 9-CH20H group on V1 
is lacking in the bovine enzyme. The six- and 11-fold losses of activ- 
ity when comparing the Ifi0 values of I with V observed for human 
and bovine MAO, respectively, could indicate the lack of tolerance 
of the enzyme for the bulk of the OCH3 group. 


The degree of inhibition decreased by six- to eightfold when the 
alkyl chain at the N-2 position of 8-carbolines was lengthened be- 
yond the methyl. This decrease in the inhibitory activities of 111 and 
IV does not appear to be due to the steric interaction between the 
2-ethyl or 2-propyl group and the enzyme, since VII with a 2-pro- 
pargyl group comparable in size to the propyl was six times more 
active than 1V. Compound VII was 4.5 times more active than I 
with bovine MAO. It is most likely that the 2-propargyl group 
further facilitated the binding of VII to the enzyme, although the 
nature of binding of this group is yet to be determined. 


The inhibition of I was further studied with additional sources 
of M A 0  and in the presence of an additional substrate, tyramine 
(Table Ill). Unlike pargyline, which exhibited greater inhibitory 
action toward tyramine oxidation than toward tryptamine oxida- 
tion, selective inhibition of tyramine oxidation by I was limited 
only to the enzyme from rat heart and liver as well as human brain 
and liver. Tissue selectivity was observed for I with human MAO, 
where it was 20-70 times more effective in inhibiting the heart and 


0.04 
10 20 30 40 


PREINCUBATION TIME, rnin. 


Figure 1-Effect of I ,  V l l ,  and pargyline preincubation on tryptamine 
oxidation catalyzed by human liver MAO. Key: 0, enzyme control; 
A, 3 pM I;  0,  5 pM VII; X ,  3 pM I and 10 pM pargyline; and 0, 
10 p M  pargyline. 


liver enzyme than M A 0  from the brain. A similar pattern was de- 
tected with rat MAO, but only when tyramine was used as sub- 
strate. Pargyline, on the other hand, was found to be more active 
with human brain M A 0  than with the heart and liver enzyme; with 
rat MAO, the liver enzyme was affected to a greater extent than that 
from the heart and brain. The selective inhibition of the deamina- 
tion of tyramine, as opposed to tryptamine, by mouse and bovine 
liver M A 0  agreed with data reported by Gorkin et al. (17) and 
Fuller (18). The inhibitory activity of I with mouse or bovine liver 
M A 0  was not substrate dependent. 


When the activities of both inhibitors were compared, pargyline 
was found to be more potent than I in inhibiting tyramine oxida- 
tion by M A 0  from human tissues; 1, on the other hand, was more 
effective than pargyline in inhibiting tryptamine oxidation by human 
MAO, with the exception of the brain enzyme. With mouse and 
bovine enzyme, I was a less effective inhibitor than pargyline re- 
gardless of the substrate. The comparative effects of the two inhibi- 
tors with rat M A 0  varied with the source of the enzyme and the 
substrate used. 


The Ki values of I obtained with various enzyme preparations in 
the presence of tryptamine-2-1C are shown in Table IV. Mixed- 
type inhibition (combination of competitive and noncompetitive) 
was observed with all sources of human MAO; in all cases the 
Ki value for competitive inhibition was smaller than that for non- 
competitive inhibition, indicating a preference of the compound to 
bind more competitively. In view of recent evidence of M A 0  iso- 
zymes in human and rat liver (3) and human brain (8), it is possible 
that a t  least two forms of M A 0  are present in a given tissue, one 
being susceptible to competitive inhibition by I and the other being 
noncompetitively inhibited. In the rat, mixed-type inhibition was 
observed with only liver M A 0  and was also of a more competitive 
nature. The enzyme from rat heart, rat brain, and bovine liver was 


Table 111-Concentrations of I and Pargyline Required to Produce 5Oz Inhibition of M A 0  from Various Tissues (160) 


____ __ __-_____-__ Iau, pMa ___- __ ----- --- __-- Human------- r-- Rat---- Mouse Bovine 
Inhibitor S tibstrate Liver Heart Brain Liver Heart Brain Liver Liver 


I Tryptamine 3.0 2.3 143.0 7.0 1.4 4.0 24.0 16.0 
Tyramine 1.7 3.5 75.0 0.60 0.15 9 .8  23.0 11.0 


Pargyline Tryptaniine 13.0 9.8 0.87 7.5 27.2 23 .O 0.20 0.10 
Tyramine 0.66 0.69 0.15 0.83 1.40 0.95 0.059 0.070 


a Each value represents the mean obtained from at least two experiments. 
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Table 1V-Inhibition Constants for I with MA0 from 
Various Sources 


,-K. Ma.b-.---- 


Enzyme Noncom - 
Source Competitive petitive Km, pMaeb 


$ 9  P 


Human 
Liver 0.83 3.2 12.0 _. .~ 


Heart 0.92 
Brain 66.7 


Rat 
Liver 2 . 3  


4.8 20.3 
125.0 31.3 


8.8 23.6 
Heart 0.21 - 13.8 
Brain 3.4 - 62.9 


Liver 8.5 - 83.4 


Each value represcnts the mean obtained with two separate prep- 
arations of the enzyme. Substrate: tryptaminc-2-1C hydrochloridc. 


competitively inhibited by 1. This finding does not preclude the 
possible presence of isozymes in thcsc tissues; several forms of the 
enzyme have been reported in the rat brain ( 5 ) .  


The larger K,,, value for tryptamine with the bovine liver MA0 in- 
dicated a lesser affinity of this enzyme for the substrate as compared 
with the liver MA0 from both humans and rats (Table IV). Trypt- 
amine also demonstrated a weaker affinity for brain M A 0  than for 
the enzyme from all other tissues. 


Thc nature of binding of I and V11. in terms of reversibility or ir- 
reversibility. was studied during tryptamine oxidation. Although 
the structure of VII bears a propargyl (CHEECH) group, this 
compound, unlike pargyline, did not exert irreversible inhibition 
of human liver MAO, since preincubation of VII (and also I) with 
the enzyme preparation followed by titration of residual enzyme 
with the substrate did not show progressive inactivation with 
time (Fig. I ) .  I n  another experiment, when the combined effect 
of pargyline and I preincubation on MA0 from human liver was 
studied, the rate ol‘ irreversible inactivation of MA0 by pargyline 
was decreased by the presence of I (Fig. I ) .  This suggests either a 
common binding site for the two compounds or, alternatively, the 
binding of I and/or the conformational changes it produced in the 
enzyme sterically hindered the binding of pargyline. 
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The ergot alkaloids occur in various species of clavi- 
ceps including Clauiceps purpurea (Fries) Tulasne (1, 2), 
other closely related fungi (3), and certain species of the 
Convolvulaceae, mainly in the genera ipomea, rivea, 
and argyreia (4). 


The ergot alkaloids are all 1 ,Csubstituted derivatives 
of indole (I), with the majority possessing the tetra- 


i l l  


H 
I 


rn IV 
cyclic ring structure which has been designated ergoline 


The naturally occurring ergot alkaloids can be con- 
veniently divided into two groups according to their 
chemical structure (1): the lysergic acid derivatives (111) 
and the clavines (IV). The clavines are substituted 6,8- 
dimethylergolines and include a few members, namely 
the chanoclavines, with a 6,7-seco D-ring. 


The lysergic acid derivatives can be further divided 
into the simple amide derivatives (Va-Ve) and the cyclic 
peptides (VIa-VIo). All are derivatives of (+)-lysergic 
acid with the absolute configuration 5R,8S as shown. 
Stereoisomers at C-8 also exist in  nature and are mem- 
bers of the (+)-isolysergic acid group. 


The various clavines (VIIa-VIIp) are divided into 
three groups; Ass9, and those containing a satu- 
rated D-ring. The tricyclic clavines, a relatively small 
group, consist of the isomeric chanoclavines and the 
interesting lactones, rugulovasine A and B (5 ) .  


(11). 
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0 
II "CH,-R 


R--C H--& 


H 
v 


Va: (+)-lysergic acid -OH 
Vb: ergine --NHt 
Vc: (+)-lysergic acid a-liydroxyethyl- -NH--CH--CHa 


Vd: ergonovine (ergobasine, ergometrine) -NH--CH--CHa 


amide I 
OH 


I 
~ H O H  


Ve: lysergic acid L-valine methyl ester -NHCH--CH(CH& 
I 


6OOCHs 


R R '  


H 
v1 


R R' R' 
-____ 


VIa: ergotamine H H --CHz-Cd-Is 
VIb: ergotaminine* H H --CHa--CsHs 
Vlc: ergosine H H --CH*--CH(CHah 
VId: ergosinine* H H --CHn-CH(CH:h 
VIe: ergocristine CHs CHI --CHz<sHs 
VI f: ergocristinine* CHs CHa - -CHrCsHs 
VIg: aergokryptine CHa CHI --CHt--CH(CHah 
VIh: a-ergokryptinine* CH, CHI --CH,--CH(CHah 
VIi: Bergokryptine CHa CHI -CH(CHr)CHzCHa 
VIj: &ergokryptinine* CHs CHa --CH(CHa)CHzCH: 


VIk : ergocornme CHa CHa --CH(CH& 
VII: ergocorninine* CHs CHa --CH(CHa)z 


VIm: ergostine H CHI --CHz--CsHs 
VIn: ergostinhe* H CHa --CHz--CsHs 
Vlo: ergovaline H H --CH(CHah 
* epimeric at C-8; isolysergic acid series. 


GENERAL PHARMACOLOGY 


The pharmacology of ergot and its alkaloids finds its 
beginnings i n  the myriad historical accounts from the 
Middle Ages of ergot toxicity in man and animals. This 
toxicity, called ergotism, was due to the ingestion of the 
grain from rye or products from the grain that had been 
infected with the ergot fungus, Cluuicepspurpureu. From 
the accounts of ergotism reviewed by Barger (6) and 


H 
VII 


R R' R' 
A*.O-ergdenes 


VIIa: agroclavine [ lqR)]  H -  H 
VIIb: elymoclavine [lo(R)] OH - H 
VIIc: molliclavine OH - OH 


A'*'''~gol~eS 
H VIId: lysergene (A*J7 and AO,lO) - - 


VIIe: lysergine 
VIIf: isolysergine* 
VIIg: lysergol 
VIM: isolysergol* 
VIIi: setoclavine 
VIIj: isosetoclavine* 


VIM: penniclavine 
VIII: isopenniclavine' 


ergobes (D-ring saturated) 
Vllm: festuclavine [ lqR)]  
VIIn: pyroclavine* [10(R)] 
VIIo: costaclavine [lo(S)] 
VIIp: fumigaclavine A 


* epimeric at C-8, C-17 is a. 


OH 


NHCH, 


H 
chanoclavine-I 


OH 
I 


NHCH,, 


H 
isochanoclavine-I 


._ 


' H  H H 
H H H  
OH H H 
OH H H 
H- OH H _ _  ~ _ _  ~- 
H OH H 
OH OH H 
OH OH H 


H H H  
H H H  
H H H  
H H CHaCW- 


OH 
I 


NHCH, 


H 
chanoclavine-I1 


(and enantiomer) 
0 
II 


NHCH, Lk 
.. 


H 
rugulovaeine A and B 


naturally occurring tricyclic clavines 


B o d  (7), it is apparent that during the Middle Ages there 
were two types of ergotism in Europe. The form of 
ergotism referred to as St. Anthony's fire or ignis sacer 
was common west of the Rhine, particularly in France, 
where vasoconstriction of the peripheral blood vessels 
resulted first in intense burning pain in the extremities, 
with gangrene eventually setting in. East of the Rhine 
the poisoning usually resulted in CNS effects, with the 
most prominent symptom being convulsions. The basis 
for the occurrence of these two general types of toxic 
manifestations was attributed by Barger (6) to differ- 
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ences in diet, principally a deficiency in vitamin A being 
a factor in convulsive ergotism. However, the difference 
in toxic manifestations still remains one of the mysteries 
of history which has never been adequately explained. 


What prompts the initial use of a toxic material as a 
drug is difficult to determine; however, in 1582, Adam 
Lonicer mentions in his Kreuterbuch the use of ergot to 
induce childbirth. For centuries it was used by midwives 
and physicians for this purpose until, in 1808, ergot 
moved from folkloric medicine to official status when 
an account of its use to quicken childbirth appeared in 
the Medical Reposirory of New York. Since this intro- 
duction into established medicine, the pharmacological 
effects of ergot and its alkaloids have been extensively 
documented (8, 9). The effects which have given ergot 
importance in medicine are related to its ability to stimu- 
late both vascular and nonvascular smooth muscle. The 
effect apparently is direct, although the mechanism of 
action is not known. All natural alkaloids of the lysergic 
acid type have qualitatively the same effects on smooth 
muscle, but they exhibit differences in potency. 


Stimulation of the vascular smooth muscle causes 
constriction of the blood vessels in the vascular bed, and 
the resulting constriction of intracranial arteries is use- 
ful in the treatment of migraine. The intensity of pain in 
migraine headache has been related to the amplitude of 
pulsations of the cranial arteries, chiefly the branches of 
the external carotid. Relief of headache by ergotamine is 
attributed to a reduction in amplitude of cranial artery 
pulsations because of vasoconstriction. The sensitivity 
of the smooth muscle of the uterus to stimulation by 
ergot increases along with the stage of gestation, so the 
resulting contractions at the end of the third trimester 
may induce labor. The principal use of the ergot alka- 
loids, however, involves their administration postpartum 
to prevent hemorrhage. For this purpose, ergonovine 
and its semisynthetic derivative, methylergonovine, are 
the drugs of choice. They are more potent, may be ad- 
ministered orally, have a more rapid onset of action, and 
are less toxic than ergotamine. 


Mention should also be made of the pharmacological 
effects that have minor importance in current therapeu- 
tics. One of these effects is a-adrenergic blockade, which 
was reviewed by Nickerson (9) and Nickerson and Hol- 
lenberg (10). The ergot alkaloids were the first adrenergic 
blocking agents discovered, and only those alkaloids 
with a peptide side chain have this activity. The 9,lO- 
dihydro derivatives of ergotamine and ergotoxine, which 
is a mixture of ergocornine, ergocristine, and ergokryp- 
tine’, are the most potent of these blocking agents; con- 
sequently, they have been used to control hypertension 
and in the treatment of peripheral vascular diseases. 
Unfortunately, at doses where these compounds are 
effective, the side effects which include nausea and vom- 
iting and, occasionally, headache, dizziness, blurring of 
vision, rashes, anorexia, nasal stuffiness, and abdominal 
cramps are usually too great to allow for their general 
use in therapeutics. 


1 Many authors in the English languape, including Chemical Ab- 
srrucfs. have used the spelling “ergocryptme.” apparently in analogy 
to ergocornine and ergocristine. However, the ending -kryptine is de- 
rived from the Greek “kryptos” = hidden; therefore, ergokryptine is 
the correct spelling. 


An additional neurohormonal effect exhibited by the 
alkaloids of ergot is serotonin antagonism. Takeo ( I  1) 
reported that the clavine-type alkaloids including agro- 
clavine, elymoclavine, and their dihydro derivatives had 
moderate antiserotonin activity in uirro and in oiuo. In 
later work, Yui and Takeo (12) found an increase in 
antiserotonin activity by 1-methylation of the clavine- 
type alkaloids, and Fanchamps et al. (13)  showed that 
1 -methylation of several lysergic acid derivatives re- 
sulted in an increased antiserotonin activity over their 
original compounds. Consequently, it is not surprising 
that I-methyl-methylergonovine, methysergide, is the 
most potent serotonin antagonist of the ergot com- 
pounds. Methysergide is effective in preventing all types 
of migraine headache (common, classic, and cluster), 
but it is of no value in treating an acute attack of mi- 
graine. It has been suggested (14) that serotonin, to- 
gether with other humoral agents such as noradrenalin, 
exerts a tonic vasoconstriction effect on cranial arteries. 
Consequently, the prophylactic effect of methysergide 
in migraine is probably due to the potentiation of sero- 
tonin vasoconstriction rather than serotonin antago- 
nism. Serotonin antagonism has been implicated in a 
rather simplistic explanation of the psychotomimetic 
activity of lysergic acid diethylamide, a semisynthetic 
derivative of lysergic acid (IS). While it is now apparent 
that the mechanism behind psychotomimetic activity 
cannot be explained in such a simple fashion, it is note- 
worthy that there is a structural similarity between 
serotonin and psychotomimetic agents such as lysergic 
acid diethylamide, psilocybin, and nitrogen-substituted 
tryptamines. 


A new phase of ergot pharmacology was initiated in 
1954 when Shelesnyak (16) reported that the systemic 
injection of ergotoxine into rats inhibited deciduoma 
formation. Since that time, Carlsen et at. (17) demon- 
strated that a single subcutaneous injection of ergo- 
cornine methanesulfonate terminated early pregnancy 
in mice, and Zeilmaker and Carlsen (18) found that 
ergocornine administered to lactating rats temporarily 
inhibited milk production, the effect being prevented by 
treatment with luteotropic hormone (prolactin). Lacta- 
tion inhibition by ergot was first reported in 1676, when 
Dodart noted that agalactia occurred among nursing 
women suffering from gangrenous ergotism (6). By far 
the most exciting aspects of this new phase of ergot 
pharmacology are the reports by several groups that 
crgocornine and ergokryptine induced regression of 
carcinogen-induced mammary adenocarcinomas in rats 
(e.g., 19-21) and inhibited the growth of spontaneous 
mammary tumors which appear in the postreproductive 
phase of life of female rats (22). All these effects of the 
ergot alkaloids can be related to an inhibition of pro- 
lactin secretion from the anterior pituitary. 


PROLACTIN AND ITS CONTROL 


Prolactin is a peptide hormone secreted by the adeno- 
hypophysis. It is generally assumed that a prolactin is 
present in  the pituitary of all vertebrate species, and 
Bern and Nicoll (23) reviewed the comparative endo- 
crinology of prolactin. The prolactins and the pituitary 
growth hormones comprise groups of protein hormones 
with similar structural features, homologous amino 
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acid sequences, and, in some species, overlapping bio- 
logical properties, even though there is considerable 
species specificity within each group. 


Prolactin has been isolated and purified from the 
pituitary glands of a number of species of mammals in- 
cluding the sheep, ox, pig, and rat. Li el al. (24) reported 
the complete amino acid sequence of ovine prolactin, 
and Seavey and Lewis (25) determined that bovine 
prolactin differed from ovine prolactin by only two 
amino acids in the peptide map. On the other hand, the 
identification and isolation of prolactin as a protein 
distinct from growth hormone in primates have been 
difficult to achieve. This difficulty, coupled with the fact 
that highly purified human growth hormone possesses 
substantial prolactin activity (26, 27), raised some doubt 
as to the existence of prolactin as a separate entity in 
man. 


Because of the difficulties encountered in the isolation 
and purification of prolactin, studies on the physiologi- 
cal role of prolactin, which require quantitation of the 
hormone, have had to rely on bioassays. The most prac- 
tical of these assays in terms of efficiency and sensitivity 
is the pigeon crop-sac assay. Columbiforme birds, such 
as pigeons and doves, secrete a special fluid into their 
crop which they use to feed their young. This secretion, 
called pigeon’s milk, is under the control of prolactin, 
since injections of this hormone stimulate growth of the 
special cells involved in this process. The essential fea- 
tures of this assay, which has undergone various modi- 
fications since Lyons (28) first described it in 1937, are 
that a standard amount of prolactin is injected on one 
side of the crop gland while the material to be assayed is 
injected on the other side. In some cases, different birds 
are used for the control than for the unknown. A ratio 
of the degree of proliferation of crop cells of the control 
to the unknown is determined from a standard curve 


The recent development of radioimmunoassays has 
made it possible to measure blood levels of prolactin for 
the first time. These assays generally involve a double 
antibody method. Prolactin obtained from the animal 
species to be assayed is injected into another species of 
animal to prepare antiserum against the prolactin. Anti- 
serum to the immunoglobulin G of the animal which 
manufactures the prolactin antiserum is prepared by 
using a different species of animal. Highly purified pro- 
lactin from the animal species to be assayed is radio- 
actively tagged by treating it with radioactive iodine, 
e.g., l a l I .  Blood serum from the animal to be assayed for 
prolactin levels is incubated with prolactin antiserum 
and radioiodinated prolactin. The nonlabeled hormone 
from the test animal competes with the 1311-labeled 
hormone for the antibody so that the ratio of bound to 
free labeled hormone decreases. When enough time has 
elapsed for maximum binding, immunoglobulin G anti- 
serum is added to precipitate the prolactin-immunoglob- 
ulin G complex, which is then assayed for radioactivity. 
Various adsorbents such as charcoal and cellulose can 
also be used for this separation in place of the second 
antibody. Recent publications that described radioim- 
munoassays for prolactin are those of Niswender et al. 
(30), Johke (31), Neil1 and Reichert (32), Davis et al. 


(29). 


(33), Hwang et al. (34), Raud and Ode11 ( 3 9 ,  and Mc- 
Neilly (36). 


Recently, Frantz et al. (37) reviewed their previous 
works in which they determined unequivocally the 
presence of human prolactin separate from human 
growth hormone in plasma. These workers used an in 
nitro mammary gland culture system from a midpreg- 
nant mouse breast tissue and found high bioassayable 
prolactin activity in human plasma samples that had 
low immunoassayable growth hormone. They then 
demonstrated that antihuman growth hormone anti- 
serum was incapable of neutralizing prolactin activity, 
whereas it completely neutralized the prolactin activity 
of growth hormone itself. 


The isolation and purification of human prolactin in 
sufficient quantities for chemical and biological char- 
acterization are well on the way to being achieved. 
Guyda and Friesen (38) separated monkey prolactin 
from monkey growth hormone using affinity chroma- 
tography. Sepharose-coupled antibodies to human pla- 
cental lactogen were able to remove more than 99% of 
monkey growth hormone present in incubation media 
or tissue homogenates of monkey pituitaries. The po- 
tency of prolactin i n  these fractions, however, remained 
unaltered or even increased after the imniunoadsorption 
of monkey growth hormone. 


Chrambach et al. (39), using polyacrylamide gel elec- 
trophoresis, identified human prolactin and determined 
several of its physical characteristics. They found that 
biologically active serum human prolactin is a single, 
homogeneous protein, which is distinct from the human 
growth hormone species hGH-0. Human prolactin is 
more highly charged than growth hormone but has the 
same molecular size. Lewis et al. (40) isolated human 
prolactin from pooled human pituitary glands (nearly 
500 were used), using a combination of Sephadex chro- 
matography and DEAE-cellulose chromatography. 
Their product had a potency of 22 I.U./mg. i n  the pigeon 
crop-sac assay for prolactin but only 0.4 USP unitlmg. 
in the tibia1 line assay for growth hormone. The product 
was less electronegative than growth hormone at pH 9.5 
and had a molecular weight of about 22,000. Most re- 
cently, Hwang er al. (41), after gel filtration and ion- 
exchange chromatography of a discard fraction ob- 
tained in human growth hormone purification, obtained 
a preparation with 30.5 I.U./mg. of prolactin activity in 
an in nitro mouse mammary tissue culture assay. Human 
growth hormone contamination was less than 0.5 % by 
radioimmunoassay. The authors claimed that the 
method of purification can easily be scaled up for larger 
batches of material so that prolactin of sufficient quan- 
tity and purity can be obtained for the determination of 
the primary structure of the molecule. 


Since it is not within the scope of this article to pro- 
vide references to the specific experimental literature 
documenting the current concept of prolactin action in 
the body, the reader is referred to the extensive review 
papers of Meites and Nicoll (42) and Meites et al. (43). 
It is the purpose to limit this discussion to the salient 
features of prolactin activity, with emphasis on the con- 
trol of prolactin secretion. 


Regulation of prolactin secretion from the adenohy- 
pophysis, as with the other anterior pituitary hormones, 
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is mediated in various ways through the hypothalamus. 
Prolactin secretion is unique in that it appears to involve 
hypothalamic inhibition, hypothalamic stimulation, and 
prolactin feedback control. There is evidence that the 
hypothalamus continually inhibits prolactin secretion by 
the adenohypophysis. This is exactly opposite to most 
pituitary hormones whose release is stimulated by hypo- 
thalamic secretions. It is presumed that the hypothalamus 
is the source of a continuously secreted substance that 
inhibits prolactin synthesis as well as release. Meites and 
coworkers (42,43) called this hormone prolactin-inhibit- 
ing factor, PIF. Everett (44) demonstrated that pitui- 
tary transplants in hypophysectomized rats could secrete 
prolactin for months, as evidenced by maintenance of 
luteal function, and transplantation studies in certain 
teleosts and amphibians showed that their anterior pitu- 
itary can secrete prolactin autonomously while the secre- 
tion of other hormones is decreased (23). 


Bilateral lesions placed in the median eminence of 
intact female rats, which destroyed the connection be- 
tween the hypothalamus and the anterior pituitary, have 
resulted in a rapid increase in serum prolactin levels in 
rats (45, 46). This effect is similar to that seen after 
pituitary stalk section (47a). In this regard, Turkington 
et al. (476) demonstrated elevated serum prolactin levels 
in patients subjected to surgical section of the pituitary 
stalk for metastatic breast cancer or for diabetic reti- 
nopathy. In tissue culture of human fetal pituitaries, Pas- 
t e l s  (48) showed that the secretion of prolactin increased 
with the length of the culture period; however, if crude 
hypothalamic extracts were added, there was a signifi- 
cant decrease in the amount secreted. At the present 
time the chemical structure of prolactin-inhibiting factor 
is not known. It may be a small polypeptide by analogy 
with the structures of the various hypothalamic-releas- 
ing factors. Experimental determination of prolactin- 
inhibiting factor activity must rely on bioassays, and 
Nicoll et al. (49) reviewed the several in vitro and in uiao 
assays employed. 


To complicate the picture of prolactin secretion con- 
trol, Nicoll et al. (49) discussed the evidence indicating 
that the hypothalamus may also secrete a prolactin- 
releasing factor (PRF). Early studies indicated that the 
avian hypothalamus exerts a stimulatory effect, rather 
than an inhibitory effect as in  mammals, on prolactin 
release. Kragt and Meites (50) showed that an extract 
of pigeon hypothalamus stimulates prolactin secretion 
by the pigeon pituitary in uitro. 


It is now apparent that prolactin-releasing factor is 
present in mammals. Nicoll et al. (49) presented evidence 
that there is both prolactin-inhibiting activity and pro- 
lactin-stimulating activity in rat hypothalamic extract 
when incubated with rat pituitary tissue. Tashjian et al. 
( 5  1) obtained direct evidence that thyrotropin-releasing 
hormone stimulated the production of prolactin and 
inhibited growth hormone production in rat pituitary 
cell cultures. In this regard, Bowers et al. (52a), using a 
radioimmunoassay, demonstrated that synthetic pyro- 
glutamyl-histidyl-prolinamide (thyrotropin-releasing 
hormone) stimulated the secretion of prolactin as well 
as thyrotropin in normal men and women. Tyson et al. 
(52b) found that synthetic thyrotropin-releasing hor- 
mone administered to parturient, lactating women and 


to women with normal menstrual cycles provoked a 
maximal rise in prolactin levels 15 min. after injection, 
with a return to preinjection levels within 60 min. Val- 
verde-R. et al. (52c) presented evidence that there is a 
prolactin-releasing hormone distinct from thyrotropin- 
releasing hormone. By using Sephadex G-10 chromatog- 
raphy and testing in male rats previously sensitized with 
estrogen and progesterone, they were able to separate 
from a porcine hypothalamic extract a fraction with 
prolactin-releasing activity that was different from 
thyrotropin-releasing hormone. 


The final aspect of prolactin secretion to be discussed 
is the matter of feedback control. MacLeod el a/ .  (53) 
transplanted prolactin-secreting pituitary tumors into 
intact rats and found a decrease in pituitary prolactin 
content. Chen et al. (54) in the same type of experiment 
also found an increase in hypothalamic prolactin-inhib- 
iting factor activity. Also, implantation of prolactin into 
the median eminence of rats was demonstrated by 
Clemens and Meites ( 5 5 )  to cause a decrease in pituitary 
and serum prolactin levels as well as an increase in pro- 
lactin-inhibiting factor activity. These investigations 
lend support to the postulation that prolactin inhibits 
its own secretion by the pituitary gland through influenc- 
ing the hypothalamus to secrete more prolactin-inhib- 
iting factor. Hokfelt and Fuxe (56) recently established 
that :he tubero-infundibular dopamine neurons are 
involved in the regulation of prolactin secretion. These 
authors postulated that the tubero-infundibular dopa- 
mine neurons stimulate the release and/or synthesis of 
prolactin-inhibiting factor at the level of the median 
eminence and that they are a link in a feedback system 
by which serum prolactin levels influence prolactin- 
inhibiting factor secretion. Supporting data for this 
hypothesis come from the work of Lu and Meites (57), 
who found that L-dopa and various M A 0  inhibitors 
increased catecholamic activity in the hypothalamus as 
well as hypothalamic prolactin-inhibiting factor activity. 


The physiological effect of prolactin on female mam- 
mals is complex, and many differences in effect are found 
between species (43). The principal functions of prolac- 
tin, however, are in the initiation and maintenance of 
lactation and in promoting the growth of the mammary 
glands. In rats, prolactin has an additional importance 
in inducing luteolysis of the previous corpora lutea dur- 
ing each estrus cycle and helping maintain corpora lutea 
together with luteinizing hormone during pseudopreg- 
nancy and early pregnancy. 


In studies on the pregnant female rat, Voogt et al. 
(58a) showed that serum prolactin (except for the first 
3 days), ACTH, and blood corticosterone levels are low 
during gestation, although Butcher e t a / .  (586) showed a 
semicircadian rhythm in plasma levels of prolactin dur- 
ing early gestation in the rat. The absence of lactation 
during pregnancy is believed to be due to an insuffi- 
ciency of adrenal cortical hormones or prolactin or both. 
At the time of parturition there is an increase in blood 
prolactin, ACTH, and corticosterone and these are 
thought to initiate lactation. To develop this idea fur- 
ther, it is important to note that estrogen is a potent 
stimulator of prolactin release in mammals. Apparently 
estrogen can directly stimulate the anterior pituitary to 
secrete prolactin without intervention of the hypothala- 
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mus (59). Therefore, the low serum prolactin in the rat 
during pregnancy is probably associated with low estro- 
gen secretion during gestation (60) and perhaps with the 
ability of progesterone to prevent the stimulating action 
of estrogen on prolactin secretion. Also significant is’ 
that an increase in pituitary prolactin content at the 
time of parturition was observed in humans by Frantz 
and Kleinberg (61). This effect may be due to a decrease 
in progesterone levels and an increase in estrogen level. 


A definite stimulus for prolactin secretion during 
postpartum lactation is suckling. Ratner and Meites 
(620) showed that stimulation of the numerous sensory 
nerves in the nipples and surrounding skin evokes a 
reflex release of prolactin from the pituitary by depress- 
ing prolactin-inhibiting factor activity. Johke (626) re- 
ported that in lactating cows plasma prolactin levels 
rapidly increased and reached a peak 4-20 min. after the 
start of milking; in lactating goats, milking caused a 
40-100-fold increase in prolactin release. Hwang et al. 
(34) demonstrated that serum prolactin increased by 
10-20-fold 30 min. after the start of breast feeding in 
postpartum humans. 


Prolactin is clearly one of the major hormones in- 
volved in mammary growth along with somatotropic 
hormone (growth hormone), and practically the entire 
endocrine system has some regulatory influence on the 
mammary gland. The ovarian hormones, interestingly, 
have little effect on mammary growth in the absence of 
the pituitary gland (43). This observation suggests that 
the ovarian hormones act in part oiu the pituitary, and 
it has been postulated that the ovarian hormones sensi- 
tize the mammary gland to the effects of prolactin and 
somatotropin (42). 


INFLUENCE OF ERGOT ALKALOIDS ON LACTATION AND 
PROLACTIN RELEASE 


As mentioned earlier, the knowledge that ergot alka- 
loids can inhibit lactation dates back several hundred 
years to Dodart, who noted that agalactia could be ob- 
served among nursing women suffering from gangre- 
nous ergotism (6). This knowledge was reinforced re- 
peatedly in the following centuries and its potential 
clinical usefulness was discussed (cJ, 63, 64). Animal 
work similarly indicated suppression of lactation by 
ingestion of crude ergot sclerotia or by some of the con- 
stituent alkaloids (65-71). Such studies have involved 
the effect in rats, mice, guinea pigs, dogs, sows, and 
cows. One of the first systematic studies was that of 
Sommer and Buchanan (69) in albino rats. They showed 
that 0.5-1.0 mg./kg. of several ergot alkaloids given 
twice daily during the second half of pregnancy signifi- 
cantly reduced the rate of weight gain of the litter after 
birth. Ergotamine was most effective in this respect, 
followed by ergotoxine, whereas dihydroergotoxine and 
methylergonovine showed little activity. Later studies 
showed the same effect in  mice who were kept on a diet 
containing the clavine alkaloid, agroclavine (71). At the 
lowest dose tested, about 15 mg./kg. daily until 3-8 days 
before parturition, all animals completely failed to raise 
their litter. In addition, an almost complete inhibition 
of the hypertrophy of mammary tissue during pregnancy 
and lactation was observed (71), as was also noted by 
Sommer (72). A recent study in cows showed a slightly 


more differentiated picture. Administration of the pro- 
lactin inhibitor, 2-bromo-a-ergokryptine*, to lactating 
cows, while drastically reducing the serum prolactin 
levels, had only little effect on the milk yield (73). How- 
ever, treatment immediately before parturition effec- 
tively inhibited the onset of lactation (74). 


An understanding of the mechanism of lactation inhi- 
bition by ergot alkaloids came about only gradually and 
it can, even today, not be said to be complete. While 
there were some indications in the literature of effects of 
ergotoxine on the pituitary gland (75,76), early workers 
apparently did not suspect this to be the site through 
which the ergot effect was mediated. A “lack of normal 
maternal instincts” (67, 68), inadequate development of 
the mammary glands (65), and reduced food intake by 
the mothers (77) were suggested as the causes for im- 
paired lactation following administration of ergot al- 
kaloids. Grosvenor (78) found that daily administration 
of ergotamine during lactation interfered with the milk- 
ejection reflex in rats and later showed this to be due to 
blocking of the release of oxytocin in response to suck- 
ling (79). Zeilmaker and Carlsen (18) apparently were 
the first to establish a relationship between the inhibi- 
tion of prolactin release from the pituitary and the inhi- 
bition of lactation by ergot alkaloids. They found that 
in rats the lactation inhibition caused by a single injec- 
tion of 1 mg. ergocornine given after parturition could 
be overcome by simultaneously administering prolactin. 


The picture of these relationships has since been con- 
siderably refined, particularly by a recent study by Shaar 
and Clemens (80) which correlates the effect of a number 
of ergot alkaloids on serum prolactin levels, as meas- 
ured by radioimmunoassay, with parameters like litter 
weight gain, body weight gain of mothers, and mammary 
tissue weight. The authors concluded that the inhibition 
of lactation is at least partly due to the suppression of 
prolactin release. The reduction in the body weight of 
the mothers is almost entirely accounted for by the re- 
duction in mammary weight. Whether other factors, like 
the inhibition of milk ejection, contribute to the effect 
on lactation is not entirely clear. It seems likely that for 
some alkaloids such other factors contribute significantly 
to their overall effect on lactation, whereas with other 
alkaloids the effect on prolactin levels may be the main 
mode of action. Several pieces of circumstantial evi- 
dence support this view. For example, in the work of 
Shaar and Clemens (80) the ability of several alkaloids 
to decrease the weight gain of litter did not strictly paral- 
lel their effect on serum prolactin levels. A comparison 
of the ability of various alkaloids to inhibit lactation 
(69) with their activity as inhibitors of nidation (81) (see 
below) also points in that direction. For example, ergot- 
amine is a good lactation inhibitor but has little activity 
in inhibiting nidation. Ergotoxine, on the other hand, is 
much less active in lactation inhibition but is very effec- 
tive as a nidation inhibitor. This was studied systemati- 
cally by Fluckiger and Wagner (82) in a comparison of 
ergokryptine and 2-bromo-a-ergokryptine as lactation 
and nidation inhibitors. They found that the dose- 
response curves for lactation and nidation inhibition by 
ergokryptine converged toward one dose which com- 
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pletely blocked both effects, suggesting a common pri- 
mary effect. The same is true for ergocornine but not for 
2-bromo-a-ergokryptine. Therefore, the latter must act 
in a somewhat different way than the other two. 
Whether the difference lies in a specific antifertility effect 
of the bromo derivative, as the authors suggested, or 
whether these compounds have different effects on oxy- 
twin release, as suggested by Nicoll et ul. (83), remains 
to be established. Another possibility is that differences 
in the pharmacokinetic properties could well account 
for the differences in the quantitative effectiveness of 
various ergot alkaloids in lactation and nidation inhibi- 
tion. Finally, it should be mentioned that Edwardson 
carried out experiments in rats with cannulated mam- 
mary ducts and found that the alkaloid agroclavine did 
not inhibit the rise in intramammary pressure produced 
by oxytocin (84). Therefore, inhibition of the milk- 
ejection response can probably be excluded as a major 
factor in the mode of action of this alkaloid. 


Most of the efforts in recent years have been directed 
toward understanding the mode in which ergot alka- 
loids influence prolactin levels. The work of Zeilmaker 
and Carlsen (18) with hypophysectomized rats bearing 
an autotransplanted pituitary under the kidney capsule 
showed that ergocornine still counteracts the prolactin 
effects, and thus presumably inhibits prolactin release, 
when the hypothalamic-pituitary connection is inter- 
rupted. As discussed later, their conclusion that ergot 
alkaloids inhibit prolactin release by direct action on 
the pituitary has been repeatedly challenged by other 
workers who felt that the action on the pituitary is 
mediated through the hypothalamus. More recent work 
seems to indicate that both sites may be involved. 
Wuttke et al. (85) found that pituitaries incubated in 
uitro with hypothalamic extract from ergocornine- 
treated rats released less prolactin and luteinizing hor- 
mone (LH) than ones incubated with hypothalamic ex- 
tract from untreated animals. Ergocornine treatment, 
therefore, seems to increase the hypothalamic concen- 
tration of prolactin-inhibiting factor and decrease that 
of luteinizing hormone releasing hormone (LH-RH), 
suggesting an action uiu the hypothalamus. On the other 
hand, there is also overwhelming evidence for a direct 
action of ergot alkaloids on the pituitary. 


Additional experiments with hypophysectomized, 
pituitary-grafted animals confirmed Zeilmaker and 
Carlsen’s (18) earlier findings, both by following the 
influence of ergocornine on prolactin-dependent phe- 
nomena, e.g., the luteolysis of nonfunctional corpora 
lutea (86), and by directly measuring serum prolactin 
levels using radioimmunoassay techniques (59, 80). 
Further in uioo evidence for a direct action of ergot alka- 
loids on the pituitary was obtained in rats in which the 
vascular continuity between the hypothalamus and the 
pituitary had been eliminated by median eminence le- 
sions (87). The increase in serum prolactin levels result- 
ing from the removal of the control of pituitary prolac- 
tin release by prolactin-inhibiting factor could be pre- 
vented by ergocornine but not by ovariectomy. I n  vitro 
studies with explanted rat (59, 83, 88) and human (89) 
hypophyses in culture fully confirmed these findings. 
Ergocornine (59, 88, 89), 2-bromo-a-ergokryptine (89), 
and ergotamine (83) all significantly inhibited prolactin 


release at concentrations in the range of 1-20 mcg./ml. 
No effect of ergotamine on the secretion of growth hor- 
mone was detected (83). Prolactin secretion can be re- 
stored by washing out the ergot alkaloid, indicating 
that the effect is not due to cellular destruction (89). 
According to Pasteels et al. (89), preliminary electron 
microscopic evidence suggests a direct action on prolac- 
tin cells to inhibit the excretion of secretory granules. 
Ergot alkaloids also inhibit prolactin release and pro- 
lactin formation in cultures of pituitary tumor cells 
without affecting the levels of growth hormone (90). 
Finally, a recent study indicates that ergot alkaloids also 
inhibit pituitary prolactin release in certain species of 
fish (91) in which prolactin is required to maintain plasma 
sodium levels when the animal is in  fresh water. In this 
case the eta cells of the pituitary, which most likely are 
the source of prolactin, seemed to be inactivated as a 
result of administration of 2-bromo-a-ergokryptine. 


Only a limited amount of information is available in 
the literature on relationships of the structure of ergot 
alkaloids and their prolactin-inhibitory or lactation- 
inhibitory activity. Particularly, quantitative informa- 
tion on structure-activity relationships is almost com- 
pletely missing. Compounds that have been reported to 
have activity as lactation inhibitors include ergotamine 
(69, SO), ergotoxine (69), ergocornine (18, SO), ergokryp- 
tine (80, 82), dihydroergotoxine (weak) (69), dihydro- 
ergocornine (go), methylergonovine (weak) (69), ergon- 
ovine (weak) (go), 2-bromo-a-ergokryptine (82), agro- 
clavine (71), and D-6-methyl-8-ergolinylacetamide (92). 
Activity toward inhibiting prolactin release in uioo or 
in uitro has been reported for ergocornine (59, 80, 85, 
87-89), 2-bromo-a-ergokryptine (73,74,89), ergotamine 
(80, 83), lysergic acid diethylamide (93), ergokryptine 
(SO), dihydroergocornine (SO), and ergonovine (80). Also 
active are agroclavine and elymoclavine (94-96). 


In a collaborative study (97) aimed at defining the 
minimal structural requirements for prolactin inhibi- 
tion, the activity of a variety of simple ergolines and 
some of their analogs and derivatives was determined. 
The assay involved injecting 10 mcg. of the compound 
into reserpinized male rats (average body weight -200 
g.), which were killed 2 hr. later and assayed for their 
serum prolactin level using the rat prolactin radioim- 
munoassay kit (NIAMD). In each group of tests, ergo- 
cornine was included as a standard and the observed 
values were normalized according to the inhibition by 
ergocornine. The data, grouped according to structural 
types, are summarized in Table 1. The figures in paren- 
theses give the prolactin-inhibitory activity relative to 
ergocornine = 100. The actual inhibitions observed 
with ergocornine under these conditions ranged from 
58 to 75x .  Compounds having relative activities of less 
than 50 were considered marginally active or inactive. 
It can be seen that simple 3,4-substituted indoles, even 
if they have essentially all the carbon atoms of the ergo- 
line system, as well as tricyclic clavines are completely 
inactive. Apparently, the complete tetracyclic ergoline 
ring system is required for activity. Quaternization of the 
nitrogen atom 6 completely abolishes activity, possibly 
because of reduced permeability. The double bond in the 
8,9-position is not absolutely essential for activity, but 
shifting it to the 9,lO-position reduces activity. A methyl 
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Table I-Ergolines and Related Compounds as Inhibitors of 
Prolactin Release 


8 H 


I: Subtiluted indolcr 
Compound Activity 


~~ 


1. 1-(3-Indolyl)-2-arnino5-me;hyl4h~ene acetate (-1 
RI = -CH*-CH-CHAH=C(CH& 


I 
NHa+CHaCOO- 


Rs - H 
2. 4-(r,r-Dimethylallyl)-skatylformamjdo~onic ( -1 


acid diethyl ester 


- C H r  


X 


H 
U: Clavinm, tricyclic 


Compound Activity 


1. Chanoclavine-I (-1 


2. N-Methylchanochvine-1 (-1 


3. N-Methyldesoxychanodavine-I (-1 


R1 - H, Ri = CHI, X = OH 


RI = Ri = CHI, X OH 


R1 = Ri = CHI, X H 


X ccr;- 
H 


IIl:Clavinm, tetracyclic, A'# 
Compound Activity 


1. Agroclavine (+I 


2. Agroclavine methiodide (-1 
3. Elymoclavine (+I 


4. Dihydrwlymoclavine (+I (82) 
5. Elymoclavine-0-acetate 
6, Elyrnoclavine-l7-carbamate 
7. Elymoclavine-17-benzoate 
8. Elymoclavine-8-D-fructoside 


X - H  


X = OH 


9. Elymoclavine-N-oxide (-1 
10. Elymoclavine methiodide (-1 


Y x : '  ls H 
IV:Clavina. tetracyclic, A"' 


Compound Activity 


1. Lysergine (-1 (24) 


2. Isolysergine (-1 
X = CHI, Y 9 H 


X H,Y CHa 


X H, Y = CHIOH 


X, Y - CHi 


X, Y CHOCOCHa 


3. Isolysergol (+I (52) 


4. Lyscrgene (-1 


5. dMethyl -8-acetoxy~thyle~9~gokm (+I (48) 


Y 


H 
V: CLvinu, tetracyclic 


Compound Activity 


1. dMethy1-8-aminoer oline (+I (52) 
2. Pihydrolysergic acit lactam (-1 
X, Y = CHa, 7-k~t0 


X = CH,, Y 


X = CH&H,Y = H 


3. Dihydrolysegic acid dihydrolactam (-1 


4. Dihydrodymochvine (+I (82) 
H, 7-keto 


0 
I xc 


n 


Activity 
VC Lpsrgic acid derivative8 


Compound 


1. Ereocornine (+I (100) - 
cwtrol 


(+I (74) 2. Lysergic acid a-hydroxyethyladde 
X = -NHCH(CHa)OH 


3. Dihydrolyscr& acid azide.HC1 (-1 
X Na 


group seems to be the minimal size substituent in the 8- 
position for activity, and a somewhat larger substituent 
seems to be advantageous particularly with a AsJO dou- 
ble bond. A keto function in the 7-position completely 
eliminates activity. This defines some of the structural 
elements needed for activity, and further studies are 
underway to refine this picture. 


Since the systematic study of lactation and prolactin 
inhibition by ergot alkaloids is only relatively recent, 
few reports of clinical trials or applications are found in 
the literature. Various ergot alkaloids have been re- 
peatedly and successfully used in the treatment and 
prevention of puerperal mastitis in humans (e.g., 98, 
99) or of milk-fever (agalactia toxemia) in sows (100). 
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Their usefulness in these disorders has usually been 
ascribed to their sympatholytic and spasmolytic activity, 
but the possibility that their lactation-inhibitory effect 
may be a contributing factor certainly deserves con- 
sideration. A recent study reports experiences with 
2-bromo-a-ergokryptine in the treatment of nonpuer- 
peral galactorrhoea in three women. In all three cases, 
the galactorrhoea was terminated (101a). Even more 
recently, the same group (101b) extended this study to 
14 women with galactorrhoea with good results. In a 
double-blind trial, they found 2-bromo-a-ergokryptine 
to be as effective as diethylstilbestrol in terminating 
lactation in women and they reported that they now use 
the compound commonly for that purpose (in 60 success- 
ful treatments so far). 


RELATIONSHIP BETWEEN PROLACTIN AND 
MAMMARY TUMORS 


It has been established that mammary cancer in hu- 
mans is hormone responsive and susceptible at least 
temporarily to treatment by removal of the ovaries, 
testes, adrenals, or pituitary or by administration of 
steroid hormones (102a,b,c). Pearson ez a/. (103) and 
Pearson and Ray (104) found that a pituitary factor is 
probably involved in the estrogenic stimulation of mam- 
mary tumor growth in humans, since after hypophy- 
sectomy-induced remission the administration of estro- 
gen to the patient did not reactivate tumor growth, 
whereas it did following an oophorectomy-induced re- 
mission. 


Turkington et at. (476) studied the effect of pituitary 
stalk section on human serum prolactin levels in 11 
patients with metastatic carcinoma of the breast. Seven 
patients showed substantial elevations in the serum 
prolactin activity while four showed no increase. Eight 
of these patients evidenced objective remissions for 
periods ranging from 7 months to 12 years. Five of 
these eight patients had elevated prolactin levels during 
this period. Among the three patients who showed no 
objective remission, two had elevated prolactin levels. 
The authors concluded that prolactin does not promote 
the growth of mammary carcinoma during remission 
but perhaps is involved in “reactivation” of the disease. 


A number of studies have been carried out with model 
tumor systems in mice and rats. These studies have 
provided a reasonably clear picture of the factors in- 
volved in the induction and maintenance of mammary 
tumor growth in these animals (105-108). 


A series of publications (109-1 14) has appeared which 
establish that hypophyseal isografts produce a stimula- 
tory effect on the mammary glands of mice, leading to 
mammary tumors in mice carrying the mammary tumor 
virus. Muhlboch and Boot (1 15) extended this research 
and found that multiple subcutaneous hypophyseal 
isografts in most mammary tumor virus-free mice also 
induced tumor formation. These grafts were found to 
produce prolactin continuously, and development of 
the mammary tumors was ascribed at least in part to the 
action of prolactin along with progesterone and/or es- 
trogen. Boot and coworkers, in a series of publications, 
reported the effects of site of implantation, age and sex 
of donor (116), size of the growth (117), and steroid 


hormones on the growth and thereby indirectly the 
amount of prolactin on the production of mammary 
tumors (1 18-1 21). As a result of these studies, Boot (106) 
concluded that prolactin is the hormone most directly 
involved in mammary tumor formation in mice. Yanai 
and Nagasawa (122) also found that prolactin contin- 
uously secreted by isografted pituitaries promoted the 
maintenance and growth of mammary hyperplastic 
nodules in adreno-ovariectomized mice. In a later study 
(1 23), these same workers reported that mammary 
tumors were produced in about 51% of the adreno- 
ovariectomized mice by placement of pituitary isografts, 
and they concluded that prolactin is the primary hor- 
monal factor in spontaneous mammary tumorigenesis 
in mice. 


Prolactin along wdh estrogen is also involved in the 
development and growth of mammary tumors in rats. 
Spontaneous mammary tumors occur in old female 
rats and are stimulated by administration of estrogen 
(124) and inhibited by ovariectomy (125). It has been 
established that estrogen can promote the synthesis and 
release of prolactin by action on both the hypothalamus 
and pituitary (42). The spontaneous mammary tumors, 
which occur generally as a single benign adenoma, differ 
considerably from the multiple adenocarcinomas in- 
duced by carcinogens. Early induction and increased 
incidence of the spontaneous mammary tumors occurred 
on grafting multiple pituitaries (126) or on placing 
lesions in the median eminence of the hypothalamus 
(46, 127). Both of these treatments have been shown to 
result in increased serum prolactin levels. 


A somewhat different pattern has been established in 
the induction and maintenance of carcinogen-induced 
mammary adenocarcinomas in rats. Dao (107, 108) 
established that pregnancy and lactation inhibit induc- 
tion of mammary cancer by the carcinogen 3-methyl- 
cholanthrene. Stimulation of an increase in prolactin 
levels before administration of 7,12-dimethylbenz[a]- 
anthracene results in an inhibition of the development 
of 7,12-dimethylbenz[a]anthracene-induced mammary 
tumors in the rat. Placement of lesions in the median 
eminence in rats prior to a single dose of 5 mg. of 7,12- 
dimethylbendalanthracene significantly inhibited induc- 
tion by the carcinogen (128, 129). Complete inhibition 
was effected if rats with bilateral lesions were also cas- 
trated. These results were subsequently confirmed by 
Klaiber et at. (130). Prolactin-secreting pituitary homo- 
grafts (131), reserpine (132), or mestranol-norethyno- 
drela treatment (133) also inhibited tumor induction by 
7,12-dimethylbenz[a]anthracene. This method of in- 
hibition apparently involves the induction of mam- 
mary hyperplasia by prolactin prior to carcinogen ad- 
ministration. It appears that the functionally active 
mammary gland is protected from carcinogens. 


Following the development of 7,12-dimethylbenzja]- 
anthracene-induced mammary tumors, an increase in 
prolactin secretion results in a definite enhancement of 
tumor growth, in contrast to the situation prior to induc- 
tion. At this stage, a decrease in prolactin secretion re- 
sults in inhibition of mammary tumor growth. Thus, 
after tumor development placement of lesions in the 
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median eminence( 128,129), grafting of multiple pituitar- 
ies (131) or treatment with reserpine (132) or mestranol- 
norethynodrels (133) stimulated the growth of 7,12- 
dimethylbenGaJanthracene-induced mammary cancers. 
Kim and Furth (134) and Kim et al. (135) also found 
that prolactin was important in promoting and main- 
taining the growth of mammary tumors in rats. 


Pearson et al. (105) used rats bearing 7,12-dimethyl- 
bendalanthracene-induced mammary tumors to show 
that the development of such tumors was dependent on 
the presence of prolactin in the serum. Their data sug- 
gested that prolactin may be the only hormone of sig- 
nificance in maintaining tumor growth. Further evi- 
dence for the role of prolactin in the development of 
such tumors was obtained in experiments in which anti- 
bodies to rat prolactin were injected into rats bearing 
7,12-dimethylben~a]anthracene-induced mammary car- 
cinomas, leading to a decreased growth of the tumors 
and an increased incidence of tumor regression (136). 


It is apparent on the basis of the preceding discussion 
that prolactin and estrogen are the primary hormones 
controlling the maintenance and growth of mammary 
tumors in the rat, mouse, and probably the human. The 
exact mechanisms by which these two hormones effect 
carcinogenesis is not completely elucidated (107, 108); 
however, several reports dealing with this subject have 
appeared in the literature (1 38-1426). 


EFFECTS OF ERGOT ALKALOIDS ON 
MAMMARY TUMORS 


Yanai and Nagasawa (143, 144) studied the effects of 
ergocornine and 2-bromo-a-ergokryptine on the forma- 
tion of hyperplastic alveolar nodules of the mammary 
gland in female C3H/He multiparous mice. It has been 
established (145) that hyperplastic alveolar nodules 
represent the preneoplastic state in spontaneous mam- 
mary tumor formation in mice. Ergocornine and 2- 
bromo-a-ergokryptine were found to have a significant 
effect, involving inhibition of development and growth 
of hyperplastic alveolar nodules. This effect was ascribed 
to the measured ability of these substances to inhibit 
pituitary prolactin secretion. These same workers (123, 
146a) investigated the effect of subcutaneously implanted 
pellets of ergocornine methanesulfonate and 2-bromo- 
a-ergokryptine on the appearance of spontaneous mam- 
mary tumors in C3H/He strain mice. Mammary tumor 
development was enhanced by a subsequent (4 weeks 
after pellet implantation) pituitary isograft ( 122). The 
appearance of mammary tumors was significantly 
diminished in mice treated with the ergot alkaloids, with 
treated mice showing a mammary tumor incidence of 
10 and 16 z(2-bromo-a-ergokryptine) and 20and 23.5 % 
(ergocornine) compared to a 74% incidence in the con- 
trols. The mammary tumor appearance in a few of the 
treated animals was attributed to small, nonpalpable 
tumors already in existence at the start of the experiment 
and to loss of the implanted pellet during the experi- 
ment. Recently, Singh et al. (1466) reported the effect of 
ergocornine on transplanted Dz-mammary tumors in 
BALB/C mice. They found that the growth of tumors 
was decreased by ergocornine at doses ranging from 20 
to 100 mg./day for 5 weeks. There was no significant 
regression of the tumors at these doses. 


Several groups have studied the effects of ergot alka- 
loids on 7,12-dimethylbenz[a]anthracene-induced mam- 
mary tumors in rats. Nasr and Pearson (147) studied the 
effect of ergocornine on 7,12-dimethylbenz$a]anthracene- 
induced mammary carcinomas and found that a dose of 
2 mg. daily produced a 60% reduction in tumor size 
within 18 days. Henson et al. (148) studied the effect 
of 2-bromo-a-ergokryptine on this same tumor and 
observed a 67% reduction of tumor growth as a result 
of injecting 2-bromo-a-ergokryptine at a daily dose of 
3 mg./kg. for 3 weeks followed by a 6-mg./kg. dose for 
an additional 3 weeks. Concurrently, Nagasawa and 
Meites (19) found that ergocornine inhibited the growth 
of 7,12-dimethylbenz[a]anthracene-induced mammary 
tumors in rats when injected daily for 15 days at a dose 
level of 0.6 mg./day. In a subsequent paper, Cassell 
et al. (20) reported a study involving a longer treatment 
period (28 days) using both ergocornine and 2-bromo-a- 
ergokryptine. At the doses used, both ergocornine and 
2-bromo-a-ergokryptine suppressed tumor growth; 
however, ergocornine produced complete disappearance 
of some tumors and was more effective than 2-bromo- 
a-ergokryptine in inhibiting growth. Termination of 
treatment with ergocornine resulted in a marked in- 
crease in the size and numbers of mammary tumors. 
Quadri and Meites (22) also reported that these same 
drugs were equally effective in inducing regression of 
spontaneous mammary tumors in old female rats. These 
spontaneous tumors appear in the postreproductive 
phase of life and, unlike the carcinogen-induced mam- 
mary adenocarcinomas, they are usually benign fibro- 
adenomas and occur as a single tumor per rat‘. 


Stiihelin et al. (149) tested the effect of 2-bromo-a- 
ergokryptine on the 7,12-dimethylbenz[a]anthracene- 
induced rat tumors by treatment at the time of tumor 
induction. The previous studies reported treatment after 
the tumors had reached a certain size. In this study, in- 
jections of 6 mg./kg. of 2-bromo-a-ergokryptine were 
given daily (except Sunday), beginning on the day of the 
second 7,12-dimethylbenaa]anthracene application. 
The experiment was extended for 243 days, with the result 
that mean tumor size in the 2-bromo-a-ergokryptine- 
treated group was less than 50% of that of the 7,12- 
dimethylbenz[a]anthracene control up to at least 119 
days. Tumor inhibition was minimal at a dose of 1 mg./ 
kg./day for 80 days. However, at the higher dose, 2- 
bromo-a-ergokryptine clearly delayed tumor appear- 
ance and increased survival time in addition to reducing 
tumor growth. When treatment was terminated after 80 
or 100 days, tumor growth was initiated as would be ex- 
pected on the basis of the hypothesis that 2-bromo-a- 
ergokryptine depresses mammary tumor growth by re- 
versibly depressing prolactin secretion. These workers 
also reported that 2-bromo-a-ergokryptine had no effect 
on sarcoma 137 (a hormone-nondependent transplant- 
able tumor in the mouse), had no cytotoxic effect in  cell 
cultures, and did not inhibit multiplication of P-815 
mastocytoma cells in vitro. 


In a recent paper, Clemens and Shaar (21) reported a 
similar study involving the effects of ergocornine on 


4 Both papers (20, 22) frequently refer to “ergokryptine.” one of 
them even in the title. However, it is apparent that the compound ac- 
tually used was 2-bromo-a-ergokryptine. 
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7,12-dimethylbenz[aJanthracene-induced mammary tu- 
mors as a function of tumor size. In this study, rats were 
treated with ergocornine before and after mammary 
tumor appearance. Treatment of rats with ergocornine 
methanesulfonate and ergocornine hydrogen maleate in 
corn oil at a dose of 0.4 mg. daily significantly inhibited 
the induction of mammary tumors in rats treated with 
7,12-dimethylbenz[a]anthracene. Ergocornine adminis- 
tration after tumor appearance caused a consistent and 
rapid regression of tumors of a size up to about 1.8 cm.l 
to the point that they disappeared to palpation. This 
incidence of complete tumor regression was not ob- 
tained in other studies and is significant. The authors 
suggested that the more rapid and complete regression 
(62x of the established tumors) in this study was per- 
haps due to the mode of administration of the com- 
pound (suspension in corn oil uersus saline plus alcohol 
or aqueous dimethyl sulfoxide). Tumors approximately 
14.1 ~ m . ~  and over did not respond to the treatment, 
suggesting that as the tumors grow larger they lose their 
hormone dependence-a very important factor to con- 
sider in planning the optimum therapeutic usage of 
these compounds. 


Quadri et al. (150) also studied the effect of ergocor- 
nine, ergonovine, and 2-bromo-a-ergokryptine on rat 
prolactin and growth hormone-secreting pituitary 
(MtW 15) tumors. Daily injections of ergocornine (0.1 
and 0.2 mg.) or ergonovine (0.2 mg.) for 3 weeks in- 
duced significant regression or inhibition of tumor 
growth. Ergokryptine (0.3 mg.) had no significant effect 
on this tumor. At the end of the 3 weeks, tumors in the 
control animals showed a 33.6% gain in average diam- 
eter, while those in rats injected with 0.1 and 0.2 mg. 
ergocornine showed a 14.8 and 30.6x loss in average 
diameter, respectively. Ergonovine was less effective at 
the same dose but did reduce tumor growth. 


To date, only one clinical trial has been reported (151). 
In this study, 2-bromo-a-ergokryptine was given orally 
in dosages of 6 mg./day for 2 days, 9 mg./day for the 
next 2 days, 12 mg./day for the next 2 days, and 15 mg./ 
day for an additional 36 days. Nineteen patients with 
advanced breast cancer were treated and no objective 
remission was observed. 


NIDATION INHIBITION BY ERCOT ALKALOIDS 


In the course of studies on the mechanism of egg im- 
plantation, Shelesnyak (152-154) examined the effect of 
various drugs on deciduoma formation in the uterus of 
pseudopregnant rats. The formation of deciduoma, an 
artificial maternal placenta, is a convenient model sys- 
tem for the exploration of the processes of ova implan- 
tation and decidua initiation. It has two essential re- 
quirements: a proper hormonal sensitization of the 
uterus, i.e., a specific estrogen-progesterone ratio, and 
a “nonspecific” stimulation (traumatization) of the 
endometrium, which may be brought about by mechani- 
cal, electrical, or chemical means. Experimentally, pseu- 
dopregnancy is induced in adult rats by electrical stimu- 
lation of the cervix, followed on the 4th day of the dies- 
trual phase by chemical (histamine) or mechanical 
(clamping, scratching) traumatization of one or both 
horns of the uterus. The weight of deciduomata is deter- 


mined 96 hr. after uterine stimulation (cf., 81). Using 
this system, Shelesnyak (152) observed that while a 
variety of compounds inhibited deciduoma formation 
when instilled into the uterus, only one compound, 
ergotoxine, was effective when administered parenter- 
ally (16). A single subcutaneous dose of 0.25 mg. 
ergotoxine at the time of uterine traumatization effec- 
tively inhibited the development of deciduomata. This 
observation was the starting point for extensive investi- 
gations by Shelesnyak’s group and by others into the 
effects of ergot alkaloids on reproductive physiology. 


It was found that the inhibition of deciduoma forma- 
tion by ergotoxine could be reversed with progesterone 
(16). However, it was concluded that ergotoxine does 
not act as an antagonist or competitor of progesterone, 
since the minimum effective dose of the latter was inde- 
pendent of the ergotoxine concentration and since 
progesterone did not protect against the toxic effects 
of the alkaloid (158). Rather, the inhibition of decidual 
growth is the result of a disturbance in the hormonal 
balance (estrogen-progesterone) caused by the alkaloid 
(154). The same paper reported the finding that single 
injections of ergotoxine into pregnant rats, in a dose of 
0.5 mg./animal or higher during the first 6 days post- 
coitus, terminated pregnancy in all animals with reap- 
pearance of the estrus cycle. Injections of 3 mg./animal 
on Days 7 and 8 postcoitus terminated pregnancy in six 
out of seven and one out of seven cases, respectively, 
and were ineffective on later days. In all cases where 
pregnancy had not been terminated, the animals de- 
livered normal litters. A dose of 0.25 mg. injected on 
Day 5 was effective in 17 out of 20 cases, whereas 0.1 
mg. was ineffective. The alkaloid was also found to 
terminate pseudopregnancy with reestablishment of the 
normal cycle (154). The basic finding that ergot deriva- 
tives can terminate early pregnancy was subsequently 
confirmed by a number of laboratories using both rats 
(82, 84,92, 155, 156) and mice (17, 157) as experimental 
animals. 


The effectiveness of ergotoxine and ergocornine as 
fertility-control agents was tested on a larger scale in 
rats. In these trials, as a result of 1303 coital contacts 
only 23 pregnancies occurred. The fertility index was 
decreased to between 1.5 and 4 from a normal 96.5 x 
in the same colony (158). As in the inhibition of decidual 
growth, the termination of early pregnancy by ergo- 
toxine was reversed by progesterone, although a higher 
dose of the hormone was required and the effect was not 
complete (159). The treatment with ergot alkaloids had 
little or no effect on the subsequent fertility of the 
animals (157, 158). At this point it had become fairly 
clear that ergotoxine terminated early pregnancy by 
preventing nidation as a result of disturbing the hor- 
monal balance rather than by any direct effect. However, 
the nature of the primary action of the alkaloid was 
completely unknown and Shelesnyak directed his atten- 
tion to this question, He (160) showed that adrenalec- 
tomy did not interfere with the effect, indicating that the 
the action of ergotoxine was not mediated through the 
adrenal gland. Ergotoxine was found to have no estro- 
genic or gonadotropic activity (161), and a single injec- 
tion of the alkaloid had no effect on the gonadotropin 
and prolactin content of the pituitaries of pregnant or 
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pseudopregnant rats (162). A limitation in the inter- 
pretation of the latter experiments is that the production 
of these hormones may have been influenced but, be- 
cause of altered excretion into the system, this did not 
manifest itself in the hormone content of the gland 
(162). Injection of prolactin, on the other hand, counter- 
acted the effect of ergotoxine and sustained pregnancy, 
indicating that the alkaloid did not interfere with the 
ability of the ovary to produce progesterone (163). 
These experiments also indicated that ergotoxine did not 
act by direct competition with prolactin (163). 


After having thus ruled out many possible modes of 
action, Shelesnyak (81) speculated that ergocornine 
might affect the metabolism of progesterone. A pre- 
liminary study in women, in which the change in urinary 
levels of various steroids in response to ergocornine was 
measured, resulted in the observation that ingestion of a 
single dose of 2 mg. ergocornine in the immediate post- 
ovulatory phase markedly decreased urinary levels of 
pregnanediol and estrogens and increased those of 
ketosteroids and hydroxycorticosteroids ( 164). This 
finding, which was confirmed by Sterba (169, led to the 
more specific suggestion that the alkaloid might act by 
blocking 38-hydroxysteroid dehydrogenase (164). How- 
ever, later experimentation did not bear out this pro- 
posal. After administration of ergocornine to rats, the 
enzyme was still demonstrable histochemically (166, 
167) and by assay in homogenates (168). In the ovaries 
of pseudopregnant rats, a drop of progesterone content 
following ergocornine injection was only observed after 
a latency period of 12 hr. and at the same time the 20a- 
hydroxypregn-4-en-3-one content increased. This change 
in the ratio of the two steroids is similar to that observed 
during normal estrus; it can account for the termination 
of the pregnancy but is clearly not the result of an 
inhibition of 8-hydroxysteroid dehydrogenase (169). 


Finally, an extended reinvestigation measuring the 
plasma and urinary levels of a number of steroids in 
normal and ergocornine-treated women failed to re- 
produce the dramatic decreases in urinary pregnanediol 
levels observed earlier and provided no evidence for a 
specific blockade of the A5-3/?-hydroxysteroid dehydro- 
genase system (170). The results of these studies (168- 
170) were, however, in accord with the emerging view 
that the action of the alkaloid was in some way medi- 
ated by the pituitary. 


While Shelesnyak’s early results seemed to rule out 
the pituitary as being involved in the effect of ergot 
alkaloids on ova implantation (162), a study by Zeil- 
maker and Carlsen (18) specifically pointed to this 
possibility. Their work with hypophysectomized rats 
carrying transplanted pituitaries suggested that ergo- 
cornine administration leads to a temporary inhibition 
of prolactin release by the pituitary, which brings about 
irreversible changes in the corpus luteum. As a result 
the progesterone level decreases, preventing the de- 
velopment of decidual tissues and leading to the onset of 
estrus. Their paper also quotes experimental evidence to 
the effect that the change in the pituitary function is not 
the indirect result of an influence of the alkaloid on the 
hypothalamus. This picture of the sequence of events 
has, for the most part, stood the test of time. Lobel et a/ .  
(167) observed that the corpora lutea showed necrosis 


and dissolution of cells 24 hr. after ergocornine ad- 
ministration, and Varavudhi el d. (171) confirmed the 
results with hypophysectomized rats carrying autotrans- 
planted pituitaries. Further experiments indicated that 
ergocornine did not interrupt gestation in the presence . 
of an extra source of luteotropic activity, e.g., in the 
presence of fetal placenta (172) or the pseudopregnancy 
induced by ectopic trophoblast tissue (173). Finally, it 
was found that treatment of rats with ergocornine 
induced 20a-hydroxysteroid dehydrogenase, giving rise 
in the corpora lutea of pregnancy to a 1Wfold increase 
in enzyme activity, and that this action was prevented 
by exogenous prolactin (174). The enzyme 20a-hydroxy- 
steroid dehydrogenase appears in the late diestrus in 
newly formed normal corpora lutea but is absent in the 
corpora lutea of pregnancy or pseudopregnancy. 
Ergocornine acts to increase 20a-hydroxysteroid de- 
hydrogenase activity when given during the first days of 
pregnancy when the corpora lutea are mainly under the 
control of the pituitary but not at later stages when the 
chorionic secretion of luteotropic activity plays a 
significant role (175). This indicates, as does other 
evidence (176-178), that the alkaloids of ergot inhibit 
release of luteotropic activity from the pituitary but not 
from the placenta and that the interruption of early 
pregnancy is most likely mediated through the pitu- 
itary. 


These experiments indicate in which manner prolactin 
influences progesterone levels and how the drug- 
induced prolactin deprivation irreversibly leads to a 
change in the Luteal cell which results in decreased 
progesterone secretion. While these subsequent results 
thus largely confirm the later steps in the sequence of 
events as postulated by Zeilmaker and Carlsen (18), 
their suggestion that the first step is a direct action of 
ergocornine on the pituitary to inhibit prolactin release 
has been repeatedly challenged. Experiments in which 
ergocornine was placed directly on the uterus, the ova- 
ries, or the pituitary showed that the drug was inactive 
under these conditions (179), leading to the considera- 
tion that the effect of the alkaloid on the pituitary might 
be mediated by the hypothalamus. 


Later publications also discussed the possibility that 
the alkaloid acts by way of the CNS (169, 171, 180). 
Seda et al. ( 1 8 1 ~ ) ~  in a recent study in rats using the 
nidation-inhibiting synthetic ergot derivative 6-methyl- 
8-cyanomethylergoline, noted an increase in gonado- 
tropic [luteinizing hormone (LH) and follicle-stimulating 
hormone (FSH)] secretion in addition to inhibition of 
prolactin release. This is supported by observations that 
lactation-inhibiting ergot alkaloids restore the estrus 
cycle or normalize it in the case of disturbances both in 
animals (181b) and in humans (1016). Seda et al. (181~) 
felt that this effect on these three hormones could 
hardly be explained by a direct action of the alkaloid on 
the pituitary but would more logically seem to be the 
result of a stimulation of the hypothalamus to release 
LH- and FSH-releasing and prolactin-inhibiting factors. 
Since the nidation inhibition by ergot alkaloids is over- 
come by prolactin alone (163, 178, 182), the effect on 
the release of this hormone seems to be at least the 
main mode of action. Therefore, the question comes 
down to the problem, which has been already discussed, 
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whether ergot alkaloids inhibit prolactin release directly 
at the level of the hypophysis or uia the hypothalamus, 
or both. 


Whether nidation inhibition by ergot alkaloids is 
solely due to their effect on pituitary prolactin release is 
not entirely clear. There seems to be a reasonable em- 
pirical correlation between lactation inhibition and 
nidation inhibition, in the sense that all ergot alkaloids 
which are active as nidation inhibitors also seem to in- 
hibit lactation or prolactin release. However, a detailed 
study comparing dose-response curves of two com- 
pounds, ergokryptine and 2-bromo-a-ergokryptine, for 
nidation and lactation inhibition in rats raised doubt as 
to whether both responses depend entirely on the same 
primary effect (82). While the ED50 of 2-bromo-a- 
ergokryptine for nidation inhibition (0.75 mg./kg. s.c.) 
is smaller than that of the parent compound (1.15 mg./ 
kg.), the ED50 for lactation inhibition of the halogenated 
derivative (3.5 mg./kg.) is larger than that of the parent 
compound (0.7 mg./kg.). As would be expected for a 
common mechanism, in the case of ergocornine and 
ergokryptine the dose-response curves for nidation and 
lactation inhibition converge toward one dose which 
completely inhibits both responses. However, this is not 
the case with 2-bromo-a-ergokryptine and, therefore, 
at least for this alkaloid the assumption of a common 
primary effect does not seem to be valid (82). As men- 
tioned earlier, this conclusion was criticized by Nicoll et 
a/. (83), who pointed out that a difference between these 
two drugs in their ability to depress oxytocin release 
could account for a difference in their potency as lacta- 
tion inhibitors; therefore, the result would not neces- 
sarily disprove that nidation inhibition is due entirely to 
the inhibition of prolactin release. Furthermore, as 
mentioned earlier, differences in the pharmacokinetic 
properties could account for this result. 


Only a limited amount of information is found in the 
literature on the relationship between the structure of 
ergot alkaloids and their activity as nidation inhibitors. 
Most of this information relates to the peptide-type 
ergot alkaloids. In early studies, Shelesnyak (81) found 
little activity for ergotamine (VIa) and its 9,lO-dihydro 
derivative, for ergonovine (Vd) and methylergonovine 
(lysergic acid butanolamide), for tochergamine, a 
synthetic analog belonging to the ergotamine group, 
and for ergocristine (Vle) and its 9,lO-dihydro deriva- 
tive. The active components of the ergotoxine complex 
were found to be ergocornine (Vlk) and ergokryptine 
(Vlg), of which the latter was more active. Their 9,lO- 
dihydro derivatives were less active than the parent 
compounds. Dose-response curves established in later 
work indicated an EDbo of 335 mcg./rat (subcutaneous, 
average body weight 167 f 7.4 g.) for ergocornine (183, 
184), compared to 175 mcg. for ergokryptine, and values 
of 505 and 945 mcg. for ergosine (VIc) and ergo- 
valine (VIo), respectively, two new alkaloids found to be 
active (184). Another newly tested alkaloid, ergostine 
(VIm), had only weak activity (184). As already men- 
tioned, substitution of ergokryptine in the 2-position 
with bromine leads to a compound with somewhat lower 
ED50 for nidation inhibition (82). The main advantage of 
this substitution is a marked decrease in toxicity. 


More recent work has shown that the peptide por- 
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tion of the alkaloids is not required for activity. The 
groups of Semonsky el al. (92) and of Rezabek et al. 
(1 56) prepared D-6-methyl-8-cyanomethylergoline 
(VIIIa) and a series of amides of Dd-methylergo- 
line-8-acetic acid (VIIIb) and found these to be very 
effective nidation as well as lactation inhibitors. Com- 
pound VIIIa inhibits nidation when given orally to 
rats in a single dose of 10 mg./kg. or in five daily 
doses of 1 mg./kg. during the first 7 days of pregnancy 
(92), as does apparently its AOJo-unsaturated analog (five 
times 5 mg./kg.) (185). This compares to an LD50 of 
110 mg./kg. p.0. for VIIIa. The figures are particularly 
impressive for the amide of 6-methylergoline-&acetic 
acid (VIIIc), which interrupted pregnancy in all animals 
when given in a single oral dose of 5 mg./kg. at any 
time between the 1st and 7th day of pregnancy or as a 
single oral dose of 0.4 mg./kg. on Day 6 or 7. This com- 
pound has an acute LDS0 of 93 mg./kg. given intra- 
venously and about 1 g./kg. upon oral administration 
(92). Very recently the same group reported additional 
structure-activity relationships (181b). Lysergic acid a- 
hydroxyethylamide (Vc) was tested in mice and found 
to terminate pregnancy in all cases in a daily dose of 250 
mcg./animal given orally (157). Finally, it was found 
that not only lysergic acid derivatives possess this ac- 
tivity but also clavine-type alkaloids. Agroclavine 
(VIIa), a known lactation inhibitor (71), also inhibited 
nidation effectively in mice (250 mcg. daily orally during 
Days 3 and 4 or 5 and 6 of pregnancy) (157) and rats 
(1 5 - 2 3  mg. daily orally on Days 1-5 of pregnancy) (84, 
182). As in the case of ergotoxine, the nidation inhibition 
by simpler ergolines was overcome by simultaneously 
administering progesterone (84) or prolactin (92, 178, 
182). Interestingly, while the ergotoxine-type alkaloids 
are active both orally and when injected systemically 
(1 58), agroclavine is completely inactive when injected 
intraperitoneally (84) or subcutaneously (1 57). The 
question has been examined whether the ergot alkaloids 
themselves are the active entities or whether they re- 
quire some kind of metabolic activation. In this study 
(1 86), ergocornine was perfused through a liver in Dirro 
before administering it to rats or was directly intro- 
duced into the liver in oiuo through the portal system. 
The results did not indicate any activation but strongly 
suggested metabolic inactivation of the alkaloid in the 
liver. 


Some consideration has been given to the question 
whether ergot alkaloids might have a teratogenic effect. 
Several studies on nidation inhibition in rats or mice 
reported that in the cases where pregnancies had not 
been terminated as a result of administering ergot 
alkaloids, normal litters were born (17, 154, 156). It 
was also shown that ergocornine in doses which are 
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effective in inhibiting decidualization and nidation does 
not have a direct toxic effect on the blastocyst of preg- 
nant rats (187). However, at least one study reported 
very pronounced effects of ergocornine on fetal mor- 
phology( 176). A dose of 1 mg. of ergocornine given to rats 
on the 8th day of pregnancy, while no longer effective in 
terminating pregnancy, caused a very significant in- 
crease in the number of fetal malformations. No such 
effect was seen when the same dose was given on the 12th 
day, and the detrimental effect on the 8th day could be 
averted by simultaneously administering progesterone. 
The authors concluded that the teratogenic effect of 
ergocornine was a result of the progesterone deficiency 
it induced. 


It is evident from the above discussion that ergot 
alkaloids have been quite instrumental in the studies on 
the mechanism of nidation. Likewise, they have been 
and continue to be useful tools in the study of the com- 
plex hormonal relationships during the estrus cycle. It 
has already been mentioned that the termination of 
pregnancy or pseudo pregnancy by ergotoxine or ergo- 
cornine induced the appearance of estrus and usually 
resulted i n  a new ovulation within 3-4 days of treatment 
with the alkaloid (154, 188, 189). While ergot alkaloids 
can thus stimulate ovulation, Kraicer and Strauss (190) 
reported that ergocornine can also act as an ovulation 
blocker under certain circumstances. A single dose of 1 
mg./rat inhibits ovulation when given during the time 
period of 50-10 hr. before normal ovulation, with a 
maximum of effectiveness when given during proestrus 
at about 14 hr. before ovulation. The mechanism of this 
ovulation inhibition is not really understood, and in a 
more recent study by another group, the investigators 
did not observe an ovulation block by ergocornine (191). 
The discrepancy may, however, be due simply to  differ- 
ences in methodology. In  other studies, ergot alkaloids 
were instrumental i n  securing evidence that prolactin, 
in  addition to its luteotropic activity during early preg- 
nancy, also has a luteolytic function during the estrus 
cycle in rats (192-194). Blocking the secretion of pro- 
lactin during the estrus cycle with ergocornine (193) or 2- 
bromo-a-ergokryptine (1  94) led to the accumulation of 
corpora lutea which failed to undergo normal involu- 
tion. From this it was suggested that the normal surge 
of blood prolactin on the day of proestrus serves to 
induce luteolysis of the previous crop of corpora lutea 
formed during each cycle. 


The crucial question in evaluating the potential of 
ergot alkaloids as fertility control agents is, of course, 
whether the effective nidation inhibition observed in rats 
and mice also holds true in other animals and in man. 
Unfortunately, there is only a very limited amount of 
information on this point in the literature. As discussed 
earlier, there is no doubt that the inhibition of pituitary 
prolactin release is a general phenomenon. However, the 
question is whether in other animals and in man pro- 
lactin plays a similar essential role in  the process of ova 
implantation as it does in rats. Two studies have in- 
dicated that ergocornine is not effective in inhibiting 
implantation in rabbits (195) and guinea pigs (196). 
However, a more recent investigation in sows reported 
that doses of 125-250 mg. of ergocornine can terminate 
pseudopregnancy in swine with regression of the 


corpora lutea and reappearance of estrus (197). The 
limited studies in women (164, 165, 170, 198, 199) have 
so far not produced entirely conclusive results. All the 
studies agree that ergocornine has no effect on the basal 
body temperature curve. One study (170), in contrast to  
earlier results from the same group (164), found no 
significant changes in serum progesterone levels or 
urinary pregnanediol excretion, whereas other groups 
observed at least some decrease in urinary pregnanediol 
levels following ergocornine (165, 198, 199). In only one 
out of five women treated during early pregnancy did 
spontaneous abortion occur after oral administration of 
10 mg. of ergocornine (198). It is apparent that this 
question cannot yet be considered settled. 


FUTURE DEVELOPMENTS 


It is probably too early to judge whether and to what 
extent the effect of ergot alkaloids on pituitary hormone 
release will turn out to be clinically useful. Ergot 
alkaloids, by virtue of this activity, have been and con- 
tinue to be very useful tools in the study of prolactin- 
dependent physiological functions. Beyond this, Rezabek 
eta/ .  (200), in a recent discussion of their work, suggested 
the following clinical applications in which ergot 
alkaloids might be utilized: 


1. For decreasing milk production in puerperal 
mastitis or in painful milk retention and breast swelling. 


2. For decreasing the prolactin secretion in the treat- 
ment of breast tumors, mastopathy, premenstrual masto- 
dynia, and galactorrhoea. 


3. For shortening or interrupting the luteal phase of 
the menstrual cycle. 


4. For promoting follicle-stimulating hormone and 
luteinizing hormone secretion and for induction of 
ovulation. 


5. In exceptional cases for the suppression of the 
initial phase of pregnancy. 


One might add to the list the possibility of preventive 
treatment of breast cancer in high risk women, for 
example in the form of slow-release implants. 


In addition, the same authors consider a number of 
potential applications in zootechnical practice: 


1. For the induction and synchronization of estrus. 
2. For suppression of lactation and for provocation 


of estrus and ovulation to obtain a higher frequency of 
litters. 


3. For suppression of undesired pregnancies, e.g., in  
bitches. 


4. For suppression of clucking in the fowl and for 
stimulation of egg laying. 


Obviously, the exploration of the practical and clin- 
ical usefulness of the pituitary effects of ergot alkaloids 
has only just begun and most of these potential ap- 
plications still remain to be investigated in detail. At 
the moment the most promising compounds for clinical 
applications seem to be 2-bromo-a-ergokryptine, D-6- 
methyl-8-cyanomethylergoline-I, and D-6-methyl- 
ergolin-I-yl-8-acetamide (Compounds 6605 VUFB and 
6683 VUFB of Semonsky). However, there is certainly 
room for further developments in this area. 
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Pharmacology of Mono- and Disubstituted Chlorpromazine Metabolites 


JOSEPH P. BUCKLEYA, MARIE L. STEENBERG, HERBERT BARRY, 111, and ALBERT A. MANIAN 


Abstract 0 Chlorpromazine and 10 of its mono- and disubstituted 
metabolites were investigated for their effects on the CNS of male 
rats and mice. All of the compounds decreased motor activity and 
respiration, and all but two of the compounds decreased heart rate 
in rats. The most potent metabolite in depressing spontaneous motor 
activity of mice was 3,7-dihydroxychlorpromazine, with an EDao of 
5.1 mg./kg. i.p. in comparison to chlorpromazine which had an ED% 
of 2.0 mg./kg. i.p. However, the 3,7-dihydroxy derivative was approx- 
imately twice as toxic as chlorpromazine in mice. 7,8-Dihydroxy- 
chlorpromazine did not alter forced motor activity, but it did induce 
a dose-related depression of spontaneous motor activity; 7-hydroxy- 
8-methoxy derivative also produced a marked decrease in sponta- 


neous motor activity with minimal effects on forced motor activity. 
None of the compounds demonstrated anticonvulsant activity, and 
only 7-hydroxy-chlorpromaine elicited effects suggesting possible 
antidepressant activity. Barbiturate sleeping time was potentiated 
by all of the compounds, mainly due to  their CNS depressant p r o p  
erties. 


Keyphrases 0 Chlorpromazine and 10 mono- and disubstituted 
metabolites-effects on CNS of rats and mice 0 CNS depression- 
effects of chlorpromazine and 10 mono- and disubstituted metab- 
olites, rats, mice 0 Motor activity, spontaneous and forced-effects 
of chlorpromazine and disubstituted metabolites compared, rats, 
mice 


Fishman and Goldenberg (1) identified several metab- 
olites of promazine and chlorpromazine in human 
urine including 3-hydroxyphenothiazine and 7-hydroxy- 


chlorpromazine. These and other monohydroxylated 
and methoxylated derivatives have been investigated 
and found to be pharmacologically active (2-7); it also 
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Tabk IU-Antibacterial Activity of Some Xanthones and 
Benzophenones against f iherichia cdi  (K12) and 
Streptococcus faecdis (8043) 


.-IDMI, moks/l.- 
NUmber Compound E.cdi  S. foecO& 


~~ _____ 


>lo-' lXlO-" 
>lo-' 9 x  10-4 
>lo-* 8 x 1 0 1  >lo-' 1 x lo-' 
-1 4 


X X I G  3XlW' 3 X l P f  
XXV >lo-' >lo-' 


XXM. 1 Xlo-* 9x10-' 
XXXP 1,8-Dihydroxyxanthone (6) >>lo-' >>lo-' 


XXXII 2,2'.3,3'-Tetrahydroxybenze 6 X lo-' * 1 X lo" * 
p h o n e  (5 .6)  


hedmn Lett., 1966, 6087. 


(1972). 


at  Buffalo, Buffalo, N. Y., 1970. 


Baalo ,  Buffalo, N. Y., 1967. 


R. H. Hall, J. Med. Chem., 9,886(1966). 


ibid., U, 653(1%9). 


and A. K. Bhattacharya, J. Phann. Sci., 57,1039(1968). 


3429. 


172. 


( 5 )  R. A. Finnegan and K. E. Merkel, J. Org. Chem., 37,2986 


(6) K. E. Merkel, Ph. D. thesis, State University of New York 


(7) J. K. Patel, M. S. thesis, State University of New York at 


(8) A. Bloch, M. H. Fleysk,  R. Thedford, R. J. Maue, and 
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(10) R. A. Finnegan, R. A. Stephani, G. Ganguli, S. N. Ganguly, 


(11) R. A. Finnegan and D. Knutson, Tetmhedmn Lett., 1968, 


(12) R. A. Finnegan and D. Knutson, Chem. Commun., 1%6, 


a Suspendon. * One hundred ceot inhibition at 10- * M. 0 Com- 
gound precipitated when test soEon was added to medium. J No ef- 
ect at 0-5 M; at 10-* M, a 36% growth enhancement was observed. 


* No effect at 10-6 M; at 10-8 M, an 81 % growth enhancement was ob- 
served. I One hundred percent inhibition at 10-4 M. 


XXXII) showed borderline activity (IDS, values of about lo-' M) 
against one or the other of these organisms. 
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Synthesis and Antifungd- .Activity of Polyhalophenyl 
Esters of pSulfamoylc$&inilic L Acid 


G. MOHTAT, N. REZVANI, M.'EMAMI, and I. LALEZARI' 


Abstract Several polyhalophenyl esters of psulfamoylcarbadic 
acid were prepared and tested for antifungal activity against 
Condida dbicatas. Penicillium notatum, and Aspergillus niger. 
Pentachloro-, tribrome, and triiodophenyl esters were found to be 
the most active. 


Keyplmum 0 pSulfamoylcarbanilic acid, polyhalophenyl esters- 
synthesized and screened as potential antifungal agents 0 Anti- 
fungal agents, potential--synthesis and screening of polyhalophenyl 
esters of psulfamoylcarbanilic acid 


Recently, it was reported that polyhalophenyl esters 
of p-substituted carbamic acids as well as polyhalo- 
phenyl esters of pyridyl- and quinolyl-karbamic acids 
( I ,  2) showed significant antifungal activities. 


In the present work, a series of polyhalophenyl esters 
of p-sulfamoylcarbanilic acid was prepared by interac- 
tion of p-sulfamoylbenzoyl azide and the appropriate 
phenol in boiling toluene or xylene (Scheme I). 


boiling toluene 


01 xylene 
pNHzSWd%CONc + AroH - 


pNHtschCeH1NHC0oAr + Ni 
Scheme I 


The physical data of all new compounds are reported 
in Table 1. The antifungal activity of all compounds was 
determined' in vitro against Candida albicans 1959-2, 
Penicillium notatum 154-3, and Aspergillus niger A-23. 
Concentrations of 5, 10, and 25 mcg./ml. of each com- 
pound were used. 


Compounds 11-IV were dissolved in acetone, Com- 
pounds I and V were dissolved in 60% ethanol, and 
Compounds VI-XI were dissolved in 96% ethanol, all 
at concentrations of 5 mg./lO ml. These solutions were 
diluted with hot culture medium to the desired concen- 


1 Using BBL Sabouraud dextrose agar medium. The microorganisms 
were obtained from the Department of Parasitology, Public Health 
Institute. Iran. 
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T&k I-Physical Constants of Suhstituted Polyhalophenyl Esters of pSulfamoylcarbanilic Acid 


Yield, Melting -A&S~S, x- 
R % Point Formula Calc. Found 


-Fund 
Nllmber 


I 


I1 


I11 


1 v  


V 


VI 


VI! 
VIII 


Ix 
X 


XI 


~ ~ ~~ 


Ethyl 70 235". C9HuNaOJ c 44.26 44.10 
H 4.91 5.11 


Phenyl 25 160" CnHuNaOS C 53.42 53.10 
H 4.10 3.90 


pTolyl 40 215"b G&NaOS c 55.08 55.15 
H 4.59 4.62 


pNitropheny1 20 235-236% CnHuNsObS C 48.29 48.26 
H 3.40 3.48 


H 3.36 3.32 
2,4Dichlorophenyl m 240' CiaHioCbNzOS C 43.21 43.10 


H 2.77 2.80 
2,4,STrichlor o p h y l  40 212" CnH BCISNIOS c 39.44 39.15 


H 2.27 2.30 
2,4,dTrichlorop hen y 1 30 215' C I ~ ~ C I ~ N I O ~ S  c 39.44 39.42 


H 2.27 2.24 
2,4,dTri bromophenyl 60 230"' CINOB~SNIOS c 29.48 29.51 


H 1.70 1.65 
2,4,dTriiodophenyl m 220' GJIoIaNaOS c 23.28 23.32 


H 1.34 1.32 
htachlorophen yl m 195' GaHGrNaOS C 33.58 33.58 


H 1.93 1.89 


pchlorophenyl 50 225 ' GaHiicbNaOS c 47.77 47.00 


0 Recrystallized from ethanol plus water. b Reays@llized from acetone. 


Table II-Antifungal Activity of Some Polyhalophenyl Esters of pSulfamoylcarbanilic Acids 


-Penicillium notaturn-- -- Candiah alblcans- -Aspergillus ntger- 
5 10 25 5 10 25 5 10 25 


Compound mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. mcg./ml. 


+ 2+ + 2+ 2+ 
2+ 2+ 


- + + - + 2+ + 2+ 2+ 
Ix 
X 
XI + 2+ 2+ 2+ 2+ 2+ 


- - - - 
- 


0 - equals no inhibition, 2+ equals complete inhibition. 


trations and autoclaved at 120' for 2 hr. Five replicates 
of each concentration were prepared. The antifungal 
activities of pentachloro-, tribromo-, and triiodophenyl 
esters are reported in Table 11. The antifungal activities 
of all other compounds were insignificant. The penta- 
chlorophenyl ester was the most active of this series. 


EXPERIMENTAL' 


pSulfamoylbenzoylhydrazide was prepared according to Shimizu 
etal. (3). 


Preparatioa of psultamoylbenzoyl Ad&-To an icecold oolu- 
tion of 2.15 g. (10 mmoles) ofpsulfamoylbenzoylhydrazide in 50% 
acetic acid (25 rnl.), a 5~aqueous solution of 0.69 g. (10 mmoles) of 
sodium nitrite was added with stirring. The resulting precipitate was 
filtered, washed with cold water, and dried to give 1.92 g. (85 %) of 
psulfamoylbenzoyl azide, m.p. 100" dec. 


tion of psulfamoylbenzoyl azide, 2.26 g. (10 mmoles), in 15 ml. of 
ethanol was refluxed for 4 hr. The reaction mixture was diluted with 
water, the resulting precipitate was filtered, and the solid was re- 
crystallized from aquwus ethanol to give 1.70 g. (70%) of the title 


Prep~rati~a Of Psulfp~ylcarbaaWC Add Ethyl --A Soh- 


Melting points were taken on a Kofler hot-stage microscope and are 
uncorrected. The IR spectra were determined with a Leitz model III 
spectrograph. NMR spectra were obtained on a Varian A 6OA instru- 
ment. 


compound, m.p. 235"; NMR (CFaCQH): 7 9.2 (t. 3H,CHa), 6.1 (9. 


Reporation of p-SulfpWylearbeniUe Add PentPcblarophenyl 
Ester--A solution of 0.452 g. (2 mmoles) of p-sdfamoylbenzojl 
a i d e  and 0.355 g. (2 mmoles) of pentachlorophenol in 20 ml. of dry 
toluene was gently refluxed for 4 hr. After evaporation of the solvent 
under reduced pressure, the residue was recrystallized from %% 
ethanol to give 0.650 g. (70%) of the title compound, m.p. 195"; 
IR (KBr) v,: 3400, 3320 (C-H and N-H), 1700 (C=O), 1595, 


and 11 52 (SOrNH,) cm. -1. 


All other carbanilic acid derivatives were prepared similarly 
(Table 1). 


2H, CHI), 2.7 (q, 4H, ArH), and 2.3 (s, 2H, NHz). 


1540 (mhmte)(C--H), 1415, 1390, 1210, 1060 (C-HI, 1300, 
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Tetracycline Epimerization Kinetics Utilizing 
NMR Spectrometry 


K. D. SCHLECHT' and C. W. FRANK 


Abstract 0 NMR was used to monitor the epimerization of tetra- 
cycline since the dimethylamino resonance of tetracycline and its 
C4 epimer differ by 0.1 p.p.m. This method eliminated the need for 
acidification in the previously reported spectrophotometric method, 
thereby lessening the possibility of anhydro formation which occurs 
in the presence of mineral acids. Anhydro formation would be 
readily detected oia the NMR method. 
Keypbmes 0 Tetracycline epimerization-kinetics, monitored 
using NMR 0 Epimerization, tetracycline-kinetics, monitored 
using NMR 0 NMR spectroscopy-monitoring tetracycline 
epimerhtion kinetics 


Tetracyclines were first reported to epimerize in 1955 
when Doerschuk er al. (1) reported a reversible "isom- 
erization" for chlortetracycline, bromotetracycline, 
oxytetracycline, and tetracycline' (1). The epimer of I 
was named Cepitetracycline (11) when the reaction was 
shown to take place at the C-4 position (2, 3). Mc- 
Cormick et al. (4) reported that epimerization occurred 
in aqueous solutions of pH 2-6 in the presence of anions 
such as phosphate, acetate, and citrate. The reactions 
reached equilibrium when 20-55 of the epimer was 
produced. The epimers were found to have substantially 
lower antibiotic activity against a large variety of tetra- 
cycline-susceptible microorganisms. 


In 1963, Remmers et al. ( 5 )  reported additional kinetic 
data on the epimerization in the presence of phosphate 
and citrate. In 1968, Hussar er al. (6) published the re- 
sults of their studies in the presence of acetate. Both 
these reports made use of a spectrophotometric absor- 
bance ratio technique very similar to the one first re- 
ported by McCormick ef al. (4). The technique is based 
on the difference in molar absorptivity (c) of I (approx- 
imately 19,000) and I1 (approximately I5,OOO) at 267 
nm., as well as the presence of an isosbestic point at 254 
nm. Aliquots of the reaction mixtures are acidified and 
then absorbances are measured. The results of some 
previous work (7) indicate that small amounts of anhy- 
drotetracycline (111) may form when solutions of I are 
acidified. Compound 111 has a very high c (approximately 
40,000) at 272 nm., so even small amounts of I11 could 
seriously affect the spectrophotometric method of assay. 


NMR spectra of various tetracyclines were obtained 
and studied to determine if NMR would be a useful 
method of monitoring the kinetics of epimerization. Von 
Wittenau and Blackwood (8) first reported a difference 
in the chemical shifts of the dimethylamino group in I 
and I1 of about 0.1 p.p.m. in pyridine solvent. The NMR 
method could eliminate the need for acidification of re- 
action aliquots. Small amounts of 111 should be easily 


1 4-(Dimethylamino)-l.4.4a,S,Sa,6,1 I, 12a-octahydro-3.6.10 12.12a- 
pentahydroxy-6-methyl-I, 1 I-dioxo-2-naphthacenecarboxamide. 
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, 
8.0 6.0 4.0 2.0 


p.p.m. 


Figure 1-NMR spectrum of tetracycline hydrochloride in dimethyl 
sdfoxide-ds 


detected due to its significantly different structure, yet 
this should not significantly influence the kinetic mon- 
itoring. 


EXPERIMENTAL 


The I-HCI and dedimethylaminotetracycline (IV) were obtained 
from a unnmrcial source'. Compound I1 was prepared by a method 
very similar to that reported by McCormick et ul. (4); 4.0 g. of I- 
HCI was dissolved in isopropanol-methanol-hydrochloric acid 
(4 : 1 :2), heated to 70" for a t  least 0.5 hr., cooled, and filtered. Re- 
crystallization from methanol-hydrochloric acid (30: I )  yielded 
yellow needlelike crystals which were dried under vacuum for 2 
days, yielding 1.91 g. of crystals (m.p. 219-222" dec.). The product 
was found to be pure by TLC. The TLC method used acid-washed 
Kieselguhr (MN) slurried with 5 %  calcium disodium edetate 
(EDTA) at pH 7.5, as reported by Fernandez et ~149). Compound I 
(base.) was prepared by dissolving I-HCI in water near saturation and 


I 


8.0 6.0 4.0 2.0 
p.p.rn. 


Figure 2-NMR spectrum of tetracycline hydrochloride in methand- 
dd. 


1 Chas. Pher  and Co. 







l . : . : . : . : , ! . : . ! . J  
8.0 6.0 4.0 2.0 


p.p.rn. 


Figure 3-NMR spectrum of tetracycline (base) in acetone-de 


then adjusting to pH 5.5 with aqueous ammonia. The resulting pra 
cipitate was filtered, washed three times with water, and dried under 
vacuum at  60" (m.p. 175" dec.). 


NMR spectra were obtained on a spectrometer*. Deuterated 
solvents were obtained from a commercial source4. Tetramethyl- 
silane was used as an internal reference and lock. The solvent used 
for epimerization studies was a mixture of methanol-d4 and DIO, 
approximately 0.5 M in sodium dihydrogen phosphate. More spe- 
cifically, 1 M NaHIp04 was prepared in w and then 1 d. of this 
solution was mixed with 0.884 g. methand-d4. Approximately 30 
mg. of I-HCl was dissolved in 1 ml. of this solvent. If the solvent 
composition differed significantly from that described here, either 
the desired concentration could not be achieved or a I-phosphate 
complex would precipitate (2). The apparent p H s  of the reaction 
mixtures were determined using a semimicro combination electrode6 
and a pH meter' standardized with pH 4.00 buffer. They ranged 
from 4.05 to 4.10. 


The NMR spectra during epimerization were obtained and inte- 
grated on the spectrometer. Tetramethylsilane waled in a 
drawnout melting-point capillary was used as an exterrial lock sig- 
nal. Reproducible lock signals were obtalned with such an external 
reference; however, each sealed capillary provided different lock 
signals relative to each other. The chemical shifts of benzene and 
chloroform were determined with each tetramethylsilane capillary, 
and each was corrected to the literature values for theae compounds. 


Prepared reaction mixtures were placed in an NMR sample tube 
and left in the probe of the instrument until equilibrium was a p  
proached. The temperature was maintained by a variable tempera- 
ture probe unit'. The actual temperature was determined by ma- 
suring the difference in chemical shifts of the hydroxyl and methy- 
lene protons in ethylene glycd. Recent literature (10-12) indicated 


TaMe I-Chemical Shifts (p.p.m.) of Some Protons of Tetracyclines 


cow C H a  N(CH& H H H 
Pound SdWt (C6) (G4) (C7) (C-8) (C9) 


EHCl Dimethyl 1.55 2.94 7.11 7.55 6.93 


EHCl Methanold, 1.62 3.05 7.13 7.50 6.89 
I(base) Acetone4 1.67 2.49 7.14 7.52 6.88 
IV Acetone4 1.62 - 7.13 7.51 6.88 


SulfOXiddr 


Table II-Chemical Shifts (p.p.m.1 of Anhydrotetracycline 
Hydrochloride (110 


~~ ~~ 


Relative 
Concentration 


1 
Onahalf 
One-eighth 


2.23 
2.33 
2.42 


3.15 
3.ii 
3.05 


T"K. 411.0 - 1.694 AC.p.s. (for 6 o - M H Z .  v ~ u ~ S )  (Q. 1) 


----- *-^_ 
\ ,, _-__-_ , ,  . ,  \ -  \ 


The NMR spectra of I-HCl were obtained in dimethyl sulfoxide- 
ds and methanol-d4 as shown in Figs. 1 and 2, respectively. The spec- 
trum of I (base) was obtained in acetone4 as shown in Fig. 3. The 
data are summarized in Table I. Assignments were made using 
cataloged protons of similar classification (13). The difference in  the 
chemical shifts of the two methyl groups of the C4 nitrogen in I- 
HCl and I (base) can be readily explained since the methyl groups 
in I (base) are attached to a tertiary nitrogen in contrast to a qua- 
ternary ammonium nitrogen. The chemical shifts of 1V in a c e t o w  


t . : . : . : . : . : . : . :  
8.0 6.0 4.0 2.0 


p.p.m. 


&ure C N M R  spectrum of anhydrotetracycline in methand-dd. 


3.00 2.50 2.00 1.50 
p.p.rn. 


Figure 5-NMR spectrum of tetracycline epimerization reaction 
mixture after(a) 0.5, (b) 10, and@) 24 hr. at 35.9". 


* Vanan HA-100 spectrometer. 
4 Stohler Isotopes. 
6 Corning. 


Fisher Accumet model 210. 
7 Vanan. 
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Tnble IlI-Reversible First-Order Rate Constants for 
Epimerkation of Tetracycline at Various Temperatures 


-Rate Constants (hr.-l) X 1 0 i  
ki. + k-1 * 


Temperature Estunated SD ki k-i 


52.0" 
46.2" 
35.9O 


50 * 1.1 2o 30 
25 * 0.5 10 15 


9.8 & 0.3  3.9 5.9  


d6 are also reported in Table I. The Dring splitting constants of all 
these compounds were 8 Hz. 


The NMR spectrum of 111-HCI in methand-dc was also obtained 
as shown in Fig. 4. The chemical shift of the C-6 methyl appeared 
at approximately 2.3 p.p.cn., and the two methyl groups on the C-4 
nitrogen were at approximately 3.1 p.p.m. The Dring was not well 
resolved; the bands were relatively broad and were not distinct 
doublets and triplets. It wns not possible to report chemical shifts 
accurately for any of the protons of I11 since they were found to be 
concentration dependent. Table I1 lists the observed chemical shifts 
at various concentrations. The Dring protons were also shifted a p  
proximately 0.3 p.p.m. downfield as the concentration was de- 
creased, but they were the first to be lost in tht background noise at 
low concentrations. 


It is concluded that the concentration-dependent chemical shifts 
in I11 are due to an intermolecular complex, since the degree of 
intermolecular complexation should decrease with a decrease in 
concentration. Compound I was subjected to similar concentration 
experiments, and no significant shifts were observed. All shifts 
changed less than 0.05 p.p.m. over the same relative concentration 
range of Table 11. 


The NMR spectra of tetracyclines indicated that the formation of 
111 during epimerization would be easy to detect due to the reso- 
nances of the C-6 methyl groups. Therefore, NMR was used to de- 
tect the progress of epimerization reactions in methanol-d-D,O 
solutions in the presence of phosphate. Three typical spectra ob- 
tained at various times during a mction are shown in Fig. 5. The 
C-6 methyl group signal at 1.6 p.p.m. appears to broeden slightly 
with time; however, this is probably due to the C-6 methyl of I1 
which is about 1-2 Hz. upfield of the one for I. The intense signal at 
2.97 p.p.m. is due to the two methyl groups of the C-4 nitrogen of I 
and the signal at 3.07 p.p.m. is due to the same group on 11. There 
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Fhure 6-Rewrsiblefirst-order kinetic plot of tefracycline epimeriza- 
lion at 46.2" 


is no observable signal formed in the vicinity of 2.3 p.p.m., indicating 
no 111 formation. 
The various spectra were electronically integrated on the spectrom- 


eter. The area of the dimethylamino group of I1 was compared to 
the total area of the C-6 methyl groups of I and 11. This would 
compensate for small diferencev in spectrum output or slight 
changes in tuning from spectrum to spectrum. 


Reversible Arst-order kinetics were found to fit the data, in agree- 
ment with earlier workers (1, 4-6); a typical fit is shown in Fig. 6. 
A derivation of the equations used for fitting the kinetics may be 
found in the Appendix. 


The equilibrium mixtures wen found to contain 4Oz II under 
these experimental conditions. No significant deviations were ob- 
served with a chnnge in temperature. This is in agreement with 
Remmers er af. (5) .  who reported approximately 38% epimer in 
0.1 M phosphate a t  pH 4.0 in aqueous solutions. Hussar et al. (6) 
found some variation in the percent epimer at  equilibrium as the 
temperature was varied in 0.1 M acetate solutions. However, in 1.0 
M acetate, no such variations were reported. 


Values obtained for kl and k-1 are listed in Table 111. Interpolating 
the data presented by R e m r s  et al. (5) yielded reasonable correla- 
tion with these data. 


An Arrhenius plot of the data in Table 111 yields an activation 
energy of 19 kcal./mole (SD 0.9). Remmers et al. (5)  reported a 
value of 20.4 kcal./mole in 0.1 M phosphate at pH 4.0 in aqueous so- 
lution. Hussar er al. (6) also reported activation energies in aqueous 
solutions in this vicinity. 


The values reported here using the NMR techniques compare 
quite favmbly with the values previously reported using the ab- 
sorbance ratio technique. The NMR method of monitoring the 
epimerization of I does not require an acidification step prior to the 
analysis of reaction mixtures, thereby minimizing the possibility of 
anhydro formation; in fact, no anhydro formation was detected. 
The reaction mixture can conveniently be monitored more fre- 
quently than by the previously reported methods. 


APPENDIX 


The following describe the firstsrder reversible reaction involved 
in the epimerization of tetracycline: 


LI 
I =  I1 
I1 


scheme I 


In IIaq - In(IIaq - II) 3. (&I + k-l)t (Eq. Alb) 


A computtr program for nonreversible first-order kinetics will fit 
data to the following form: 


Inc .  - Inc = kt 0%. A21 


where c. is a constant. 
The term In II., of Eqs. Alo and Alb is a constant like In c. in 


Eq. AZ. If the term (II.o - 11) is used in place of c in Eq. A2, the k 
obtained from the computer program will equal kl + k-l. 


The following derivation show8 how to obtain kl and k-,: 


-d[Il dt = kd11 - k-l[Ill [In [ I ] .  - [I] (Eq. A3a) 


(Eq. A34 


Therefore: 


260 0 Journal of Pharmaceutical Sciences 







REFERENCES 


(1) A. P. Doerschuk, B. A. Bitler, and J. R. D. McCormick, J. 
Amer. Chem. Sm., 77,4687(1955), 


(2) C. R. Stephens, L. H. Conover, P. N. Gordon, F. C. RM- 
ington, B. L. Wagner, K. J. Brunings, and F.  J. Pilgrim, ibld., 78, 
1515(1956). 


(3) J. R. D. McCormick, S. M. Fox, L. L. Smith, B. A. Bitler, 
J. Reichenthal, V. E. Origoni, W. H. Muller. R. Winterbottom, and 
A. P. Doerschuk, ibid., 78,3547(1956). 


(4) Ibid., 79,2849(1957). 
(5) E. G. Remmers, G. M. Steger, and A. P. Doerschuk, J. 


Pharm. Sci., 52, 732(1%3). 
(6) D. A. Hussar, P. J. Niebergall, E. T. Sugita, and J. T. 


Doluisio, J. Pharm. Pharmacol., 20, 539(1%8). 
(7) K. D. Schlecht, Ph.D. thesis, University of Iowa, Iowa City, 


Iowa, 1971. 
(8) M. S. Von Wittenau and R. K. Blackwood, J.  Org. Chem., 


31,6l3(lwa). 


(9) A. A. Fernandez, V. T. Noceda, and E. S. Canwa. J. Pharm. 
sci., ss, 44Y1969). 


(10) A. L. VanGeet, Anal. Chem., 40,2227(1968). 
(11) Ibid., UY 679(1970). 
(12) M. S. Von Wittenau, R. K. Blackwood, L. H. Conover, 


R. H. Glauert, and R. B. Woodward, 1. Amer. Chem. Sm., %7,134 


(1 3) H. A. Szymanski and R. E. Yelin, “NMR Band Handbook,” 
Plenum, New York, N. Y., 1968. 


(1%5). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received May 9, 1972, from the Department of Chemistry, Unl- 
cersity of Iowa, Iowa City, IA 52240 


Accepted for publication September 21,1972. 
Samples of tetracycline hydrochloride and dedimthylamino- 


tetracycline were donated by Chas. Pfizer and Co. The authors 
thank Prof. G. Gordon, University of Iowa, for modifying and 
updating the programs of R. Moore and T. W. Newton af Los 
Alamos Laboratories desaibed in Publication LASG2367. Appre- 
ciation is also expressed to Shell Oil Co. and Monsanto Chemical 
Co. for support in the form of fellowships. 


A To whom inquiries should be directed. Present address: De- 
partment of Chemistry, State University of New York College at 
Brockport, Brockport, NY 14420 


Multiple-Dose Kinetics of Oral Anticoagulants: 
Methods of Analysis and Optimized Dosing 


THEOFANIS G. THEOFANOUS’ and RONALD G. BARILE 


Abstrnct 0 A mathematical technique for estimating the kinetic 
parameters that control patient response to oral anticoagulant 
administration is presented. The technique utilizes routinely ob- 
tained and recorded data such as anticoagulant dose regimen and 
prothrombin times. It is possible to apply during any stage of therapy 
and to gain predictive capability from data covering the measured 
response over a minimum period of 2 days. The applicability of the 
technique is demonstrated by direct comparison with two actual 
patient records. 


Key- 0 Anticoagulant therapy-estimation of kinetic re- 
sponse parameters using routine clinical data, equations, compared 
to patient records 0 Multiple-dosing kinetics, oral anticoagulants- 
estimation of response parameters using routine clinical data, equa- 
tions, compared to patient records 0 Prothrombin time data- 
used to estimate kinetic response parameters to oral anticoagulant 
therapy, equations 0 Dosing regimens, oral anticoagulants-de- 
termined using estimated kinetic response parameters based on 
routine clinical data, equations 


The pharmacological effects of hypoprothrombinemic 
anticoagulant drugs vary widely among individuals 
and preclude a universal response to a fixed dose of 
these agents. A given dosage schedule may be totally 
inadequate to prevent thrombosis in one individual but 
may cause hemorrhage in another (1). This fact, as well 
as a need sometimes to readjust therapeutic levels of 
activity during therapy (l), obviously necessitates patient 
individualization of dosing regimens for these drugs 


and clearly emphasizes the need for predictive relation- 
ships between dosage regimens and the magnitude of 
drug response they produce. 


The first and basic steps toward such an individualiza- 
tion are the elucidation of the basic biochemical mech- 
anisms involved in the synthesis of prothrombin com- 
plex activity and an assessment of the relevant intrinsic 
kinetics. The excellent works of other researchers (2-9) 
cover the whole tange of development of this stage, 
from the pioneering level up to a complete and extensive 
verification of the proposed kinetic model. 


Following these fundamental works, the “engineering 
aspects” of the process remain to be developed in detail 
to close the gap between laboratory (controlled) studies 
and health care applications and thus to arrive at a 
reliable and convenient aid which could be used by the 
doctor in prescribing anticoagulant dose regimens. 
This study reports the results from the authors’ initial 
efforts in this direction. In particular, the following 
may be recognized as two major engineering aspects: 


1. Parameter estimation. A recent article (10) showed 
how the response to a single dose may be utilized to 
evaluate all of the kinetic constants of a given patient 
needed to predict his or her future behavior. In the 
present study, a method is developed that meets all 
conditions for practical application by allowing imple- 
mentation at any time after the initiation of typical hos- 
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Synthesis of Heptamsapeptide (AAIl1-Ml0,) of the 7-Chain of a 
Human Immunoglobulin (IgG1) Using N-tert-Butyloxycarbonyl-L-amino 
Acid Pentachlorophenyl Esters 


BRIAN J. JOHNSON 


B 0 The Synthesis of the heptacoSa~ptide (AAiirAAim) 
of the ?chain of a human immunoglobulin (161) is described. The 
solid phase method was used, and coupling of each amino acid 
residue was achieved by use of the corresponding N-rert-butyloxy- 
carbonyl-Lamino acid pentachlorophenyl ester. 


Keypbrmea 0 Heptecosapeptide (AAllr-AAln) of ychain of a 
human immunoglobulin-syntis using N-tert-butyloxycarbonyl- 
 amino acid pentachlorophenyl esters 0 N-tert-Butyloxycarbonyl- 
L-amino acid pentachlorophenyl esters-used in the synthesis of 
heptacosapcptide (AAnI-AAlm) of the ychain of a human im- 
munoglobulin 0 Immunoglobulins, human+ynthesis of the 
heptscosapeptide (AAIII-AAln) of the ?chain using N-ren- 
butyloxycarbonyl-Lamino acid pentachlorophenyl esters 0 Pep 
tides-synthesis of the btptacosapeptide (AAIIl-AAIn) of the 7- 
chain of a human immunoglobulin (161) using N-rerr-butyloxy- 
carbonyl-Lamino acid pentechlorophenyl esters 


Recently the total primary structure of the human 
immunoglobulin IgGl Eui was elucidated (4-14). The 
domain hypothesis (1 5 )  for immunoglobulins, suggests 
that each region of the molecule containing disullide 
linkage forms a compact domain, and that these areas 
are connected by a more extended peptide chain. The 


using the general procedure outlined in the Experimental section. 
These derivatives were used to synthesize a fragment of the y-chain 
of a human IgGl comprised of 27 amino acids (I and II). 


The fully protected, resin-bound peptide I was synthesized by the 
stepwise addition of the appropriate N-tert-butyloxycarbonyl-L- 
amino acid pentachlorophenyl ester to an insoluble polystyrene 
resin (19). The cycle for the addition of each amino acid residue 
consisted of the following steps: removal of the N-rert-butyloxy- 
carbonyl protecting groups by treatment with excess anhydrous 
trii'luoroacetic acid in methykne chloride, neutralization of the 
resulting salt with triethylamim in methylene chloride, and then 
double coupling the resulting free amino residue with three equiva- 
lents of the appropriate N-rerf-butyloxycarbonyl-L-amino acid 
pentachlorophenyl ester in dimethylformamide for 4 hr., after 
which a further three equivalents of the same amino acid derivative 
was added and coupled for a further 4 hr. Where steridly hindered 
amino acid residues such as valine and leucine were attached to the 
resin, coupling times were increased to 12-hr. periods. At the end 
of the chain-lengthening sequence, the protected peptide was cleaved 
from its polymer support by liquid hydrogen fluoride (20, 21); all 
of the sidachain protecting groups were removed under these con- 
ditions. The peptide was purified by passage through two columns'. 


EXPERIMENTAL 


cewrrl Rocehre far Repprpti~a of N-tertFtutyloxycPrbonyl-L- 
Amla0 Add Pentpehloropbeayl -The general procedure of 


switch peptide, sequence AAuI-AAw, of the y-chain 
of this immunoglobulin is most probably one of these 
extended peptide regions bridging between two re- 
spective domains. 


Some N-ferf-butyloxycarbonyl-L-amino acid pen- 
tachlorophenyl esters were previously described (1 6), 
and they were shown to be useful intermediates for 
rapid peptide synthesis by the solution method (17) 
and also for the solid phase method of peptide syn- 
thesis (18). 


This article reports the characterization of some new 
N-ferf-butyloxycarbonyl-L-amino acid pentachloro- 
phenyl esters and their application for the synthesis of 
the fragment AAIII-AAu, of the y-chain of a human 
IgGl. 


DISCUSSION 
The N-rer t -bu~ lox~bony l -L-a~o  acid pentachlorophenyl 


esters (Table I) wacre prepared from the corresponding free acids 


preparation of these esters is illustrated by the preparation of N- 
terr-butyloxycarbonyl-~~l-L-aspartic acid pentachlorophenyl 
ester. To a solution of 9.7 g. (30 mmoles) of N-terr-butyloxycar- 
bonyl-pbenzyl-L-aspartk acid (22, 23) and 8 g. (30 mmoles) of 
pentachlorophenol in 100 ml. of me-thylene chloride, cooled to 0". 
was added 6.8 g. (33 mmoks) of N,N'dicyclohexylcarbodiimide. 
The mixture was stirred overnight at room temperaturr. The solid 
N,N'dicyclohcxy1urca was filtered of, and the filtrate was evapo- 
rated to dryness under reduced pressure. The solid was dissolved 
in ethyl acetate and cooled, and a further crop of N,N'dkydo- 
hexylurea was removed by filtration. The filtrate was evaporated 
to dryness and the solid material was crystallized from methanol 
to yield the pentachlorophenyl activated ester, 13.0 g, 75% m.p. 
129-130'; [a10 - 28.9" (c 2.6, dimethylformamide). 


C, 46.0; H, 3.4; N, 2.5. 
Anal.--Calc. fOrC16Hl6~6NIO6:CI46.2; H, 3.5;N, 2.45. Found: 


EloC-Cly-~VI-O-B?l-Tbr-Val-O-Bd~-o -Bd - ser - Ala-o- 
BdSer-O-Bd-'Ibr-~-N-z-Ly-~-~-~yc Gly - Ro-0 -Bd - Ser -Val- Pb-W 
~~-~-&ISer-O-BzlSer-cN-Z-Lyr-O-B-O-Bd- 
Tbr-O-*-GIy-R& (l)-N-rert-Butyloxycarbonyl-Gly resin 
(2 g.), containing 0.56 mmole of Gly, was prepared from Bio- 
Beads SX2. #)o-400 mesh, by standard procedures (24). This 
substituted resin was treated for the incorporation of each amino 
acid by the following steps: 


1 Nom-ture ,mmmended by the Intenrational Union of Im- 
munolow1 socletia (1-3). First Dowcx 1-X4 and then Sephada G-25. 
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Table I-N-rerf-Butyloxycarbonyl-~-~o Acid Pentachlofopbenyl Esters 


Yield, Melting -Analysis, 7- 
Compound z Point Molacular Formula calc. bound bib' 


BOC"-fl-Bzl-Asp 


BOC-Asn 


BOC-S-BZI-CYS 


BOG~OBZLGIU 


BOC-Gln 


BOC-Ni m-DNP-His 


BOC-Met 


BOC-Pro 


BOC-Ser 


BOC-0-BzI-Ser 


BOC-Thr 


BOC-O-Bzl-Thr 


BOC-Trp 


70 


63 


81 


80 


57 


51 


90 


93 


39 


63 


41 


65 


70 


130" 


176" 


154" 


138" 


186" 


170" 


139" 


117" 


157" 


76 " 


1%" 


126" 


195" 


c 46.2 
H 3.5 
N 2.45 
C 37.25 
H 3.75 
N 5.8 
C 45.1 
H 3.6 
N 2.5 
C 47.1 
H 3.95 
N 2.4 c 38.9 
H 3.5  
N 5.7 
C 41.2 
H 2.7 
N 10.5 
C 38.6 
H 3.6 
N 2.8 
C 41.45 
H 3.5 
N 3.0 
C 37.05 
H 3.1 
N 3.1 c 46.4 
H 3.7 
N 2.6 c 38.5 
H 3.45 
N 3.0 c 47.4 
H 4.0 
N 2.5 
C 47.0 
H 3.5 
N 5.1 


46.0 
3.4 
2.5 


37.1 
3.7 
5.7 


45.1 
3.6 
2.6 


47.0 
3.9 
2.4 


39.0 
3.7 
5.6 


41.4 
2.9 


10.6 
38.5 
3.6 
2.9 


41.2 
3.6 
3 . 1  


37.2 
3.0 
3.2 


46.5 
3.6 
2.8 


38.3 
3.6 
3.0 


47.2 
4.1 
2.6 


47.9 
3.4 
5 .3  


-28.9"(~ 2.6, DMF') 


-41.7"(~ 2.1, DMF) 


-38 .2" (~  1.7, DMF) 


-27.l0(c 3.0, DMF) 


-24.4"(~ 2.25, DMF) 


+3.9"(c2.7,DMF) 


-37.0"(~ 2.3, DMF) 


-32 .5" (~  3.9, DMF) 


-31 .O"(C 1.85. DMF) 


-13.4"(~ 2.25, DMF) 


-29.0"(~ 2.35, DMF) 


-16.0°(c 2.35, DMF) 


-49.2"(~ 1.65, DMF) 


4 BOC = N-rerr-butyloxycarbonyl. b DMF = dimethylformamide. 


1. Three washings with 20-ml. portions of methylene chloride. 
2. Cleavage of the tert-butyloxycarbonyl group by the addition 


of 20 ml. of 20% trifluoroacetic acid in methylene chloride and 
shaking of the mixture for 30 min. 


3. Six washings with 20-ml. portions of methykne chloride. 
4. Neutralization of the trifluoroacetate salt with 15 ml. of a 10% 


solution of triethylamine in methylene chloride for 10 min. 
5. Three washings with 20-ml. portions of methylene chloride. 
6. Addition of three equivalents of N-tert-butyloxycarbanyl- 


amino acid pentachlorophenyl ester in 15 ml. of dimethylformamide- 
methylene chloride (1 : 1) and shaking for 4 hr., and then a further 
three equivalents of the same N-terr-butyloxycarbanyl-amino acid 
pentachlorophenyl ester in 15 ml. of dimethylformamidtmethylene 
chloride (1 : I )  and shaking for a further 4 hr. Wherever N-terf- 
butyloxycarbonyl-L-valine pentachlorophenyl ester and N-tert- 
butyloxycarbonyl-L-leucine pentachlorophenyl ester were used, the 
coupling time of 12 hr. for each stage was used. 


7. Three washings with 20 ml. of dimethylformamide. 
8. Three washings with 20 ml. methylenechloride. 
After 26 cycles, the resin was dried under vacuum to yield 3.3 g. 
Gly-Leu-Va1-Thr-Val-Ser.Ser-Ala-Ser-Thr-Ly~Gly-R~ -Val- 


PhePro-Leu-Ala-Ro-SerSer-Lyri-Ser-Thr-Sey -The above 
protected peptide resin was suspended in 30 ml. of redistilled an- 
hydrous hydrogen fluoride containing 5 ml. of anisole. The resin 
was stirred for 1 hr. a t  O", after which the anhydrous hydrogen 
fluoride and anisole were removed under reduced pressure. The 
resin mixture was washed with two washes of 10 ml. of ethyl ace- 
tate. The resin was dried and the peptide was extracted into 50 d. 
of 0.1 M acetic acid and lyophilized. The lyophilized crude peptide 
(0.4 g., 31 %) was dissolved in 0.1 M acetic acid, placed on a columna 


(6.5 X 121 cm.). and eluted with pyridine-acetic acid-water solu- 
tion, pH 8.0. 
The lyophilized crude peptide was purified by chromatography 


on a column' (2.5 X 100 cm.) using pyridine-acetic acid-water 
solution, pH 6.1. as eluent. The major peak was collected and ly- 
ophilized to yield 103 mg. (a%, based on the starting substituted 
resin) of the free peptide. Amino acid analysis of an acid hydrolysate 
showed SU. 7.8; Thr, 2.8; Gly, 3.1; Pro, 2.9; Val, 2.8; Leu, 20;  
Ala, 2.0; Phe. 0.9; and Lys, 2.0. The peptide I1 was found to be 
homogeneous by paper chromatography: Rf 0.67 (butanol-acetic 
acid-water-pyridine. 15:3:12:10); Rf 0.54 (pyridincmtic acid- 
water, S:3  : 1.5). 
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Subcellular Binding of Ha1othane-lJ4C in 
Mouse Liver and Brain 


LEONARD C. HOWARD, Jr., DAVID R. BROWN, and DAVID A. BLAKE' 


Abstract 0 The extent of binding of halotham-1-14C to mouse liver 
and brain 24 hr. after injection of a subanesthetic dose was measured 
utilizing several techniques: ( ( 8 )  exhaustive dialysis with phosphate 
buffer, (b) solvent extraction with 0.25 M sucrose and toluene, (c) 
protein precipitation with trichloroacetic acid, and (d) soxhkt ex- 
traction with methanol and benzem. A substantial portion of the 
radioactivity was not removed by these procedures and thus was 
bound both in liver and brain, the liver containing a grater amount 
of bound radioactivity on both an absolute basis and a protein 
content basis. The liver microsomal fraction, subjected to exhaus- 
tive dialysis, contained a higher specific activity (disintegrations per 
minute per milligram protein) than the whok homogenate, WOoXg 
pellet, or cytosol. The combination of trichloroacctic acid pre- 
cipitation and soxhlet extraction with methanol and benzene (1:I) 
removed virtually all radioactivity from the brain. whereas 13% 
of the initial radioactivity remained in the liver as tightly bound 
material. Thus, halothane or a metabolite is tightly and probably co- 
valently bound to a protein or other high molecular weight com- 
ponent in mouse liver but not in the brain. 


Keyphrases 0 Halothane, radiolabeled-toxicity, subcellular bind- 
ing in mouse liver and brain 0 Toxicity, halothane-subcellular 
binding in mouse liver and brain, radiolabeled, type of bonding 0 
Hepatitis-subcellular binding of halothane-lJ4C to mouse liver 
and brain, type of bonding. distribution of radioactivity 


Halothane (1 ,l  ,l-trifluoro-2-bromochloroethane) pos- 
sesses two properties of the ideal anesthetic: it is potent 
and nonexplosive. However, fatal hepatic necrosis has 
been reported in a small portion of exposed human sub- 
jects ( 1 4 ) .  While the incidence of hepatitis after halo- 
thane reportedly represents no greater a risk than surgi- 
cal anesthesia itself (9, it is nevertheless a well-estab- 
lished untoward reaction that deserves investigation. 
The recurrence of hepatitis in sensitized anesthetists 
after exposure to only traces of halothane (6,7) and the 
overall low incidence which increases with multiple 


exposures (5) suggest that halothane-induced hepatic 
damage is the result of an allergic reaction. 


If halothane hepatitis is caused by a sensitization reac- 
tion, then halothane or a metabolite must form a hapten 
of an antigen by binding covalently to a macromolecule 
(8). Nonvolatile metabolites of halothane have been 
found to persist in animal liver (9) as well as human 
urine (10, 11). The presence of high molecular weight 
metabolites of halothane in liver and urine (12) indi- 
cates that a metabolite of halothane may be associated 
with a macromolecule; however, no direct evidence 
exists as to whether these metabolites are, in fact, co- 
valently bound. In support of this suggestion, other 
halogenated hydrocarbons, such as carbon tetrachloride 
(13) and bromobenzene (14), do form covalent bonds 
with endogenous substances. Therefore, the binding 
character of halothane-l-14C in ~ l p o  in mice was in- 
vestigated. 


EXPERIMENTAL 
Da6age and Tslgue Rcparption-Femak Swiss Webster albino 


mice1 (28-30 g.) were fasted for 24 hr., and 0.5 mg. of hdothme-l- 
*C in saline', containing 4 pc. of radioactivity was administend 
by intraperitoneal injection. Twenty-four hours ktu, the mice were 
sacrificed. the livers were perfused with cold 0.25 M sucrose, and 
both the liven and brains were removed and placed in iee-cold 0.25 
M sucrose. Ten percent homogenates of these organs were prepartd 
in cold 0.25 M sucrose, using a Potter-Elvehiem tissue grindas. 
An aliquot of these homogenates was removed for analysis of bound 
radioactivity and protein, and the remainder was centrifuged at 
9000xg(average) in a refrigerated centrifuge4 for 20 min. The pelkt 
was removed for analysis, and the supanate was recentrifuged at 


~~ ~ ~~ 


1 Flow Research Laboratorieq Dublin, Va. * New En and Nuclear, Boston. Mass. 
8 No. 62&, VWR Scientific Co.. Baltimore, Md. 
4 Model HR-I, International Equipment Co.. Boston, Mau. 
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Theoretical Treatment of Diffusional 
Transport into and through an Oil-Water Emulsion with an 
Interfacial Barrier at the Oil-Water Interface 


TOSHIHISA YOTSUYANAGI, WILLIAM I. HIGUCHI', and ABDEL-HALIM GHANEM 


Abstract 0 The transport of solute into and through a hetero- 
geneous system involving interfacial barriers was theoretically in- 
vestigated. The system consisted of a "donor" bulk aqueous phase, 
the aqueous diffusion layer, and a matrix in which oil droplets 
of uniform size were dispersed. The theoretical method employed 
was able to account quantitatively for the barriers existing at the 
oil droplet-water interface, and the technique should have general 
applicability to all situations involving a heterogeneous medium in 
which the local interface equilibrium is achieved slowly. Computa- 
tions were carried out using the interfacial barrier permeability 
coefficient, the volume fractions of the phases, and the particle 
size of the oil droplet as the parameters. 


Keyphrases c] Diffusion through oil-water emulsions-theoretical 
treatment of interfacial barriers, calculation of influence of barrier 
permeability coefficient, phase volume fraction, and particle size c] 
Interfacial barriers, oil-water emulsions--theoretical treatment of 
solute transport rates Heterogeneous systems-theoretical 
treatment of transport rates involving interfacial barriers 0 Trans- 
port of solutes through heterogeneous system-theoretical treat- 
ment of interfacial barriers 


When mass transfer occurs into and through poly- 
phase media, especially those involving finely dispersed 
heterogeneous phases, various factors influence the 
transport behavior of solutes. Among these factors, 
the transport resistances existing at  the dispersed phase- 
continuous phase boundaries would be expected t o  be 
very important in certain situations (1-3). Yet little is 
understood about the problem. 


The purpose of this study is to describe a procedure 
for the computations of the transport rate of a solute 
through a matrix containing a dispersion of oil droplets 
and for which the solute partitioning rate between the 
local bulk aqueous and the oil droplet phases might be 
slow and for which the diffusion through the oil drop- 
lets might also be slow ( I ) .  The general technique should 
be applicable to any situation involving a heterogeneous 
medium in which the local interface equilibrium is 
achieved slowly. Thus, for example, this approach 
should also be applicable to the treatment of transport 
and distribution rate data of drugs in various biological 
tissues in which the interfacial transport resistance of 
the cell membrane is appreciable. 


THEORY AND GENERAL DESCRIPTION OF MODEL 


The system consists of three compartments (Fig. 1). The first 
compartment is the donor aqueous phase and the second is the 
aqueous diffusion layer. The third is the matrix in which oil droplets 
of uniform size are assumed to be dispersed. The donor phase is 
assumed to be well stirred, and the nature and intensity of the 
agitation determine the thickness, h, of the diffusion layer. It is 
assumed that steady-state conditions exist in the diffusion layer, 
but the distribution of diffusing solute in the matrix compartment 
follows nonsteady-state diffusion. 


In using the finite difference method (4), the matrix compartment 
is divided into appropriate small segments of equal width. The 


assumptions on which the model is based are: (a) diffusion is one 
dimensional within the diffusion layer and the matrix, (b) the solute 
begins to penetrate the continuous phase at t = 0, (c) the number of 
particles in each segment is constant, and (6) the particle size of the 
oil phase is small compared to the overall dimensions of the trans- 
port matrix so that equilibrium inside each oil phase is fast. Then, 
the solute that enters each segment may be divided into two parts: 
the portion that goes into the continuous phase and the portion 
that goes into the oil phase. 


The concentration changes with time, I ,  of the donor phase may 
be expressed as follows: 


where cb is the concentration of the solute in Compartment I, Dw 
is the diffusion coefficient of the solute in the diffusion layer, V ,  
is the volume of Compartment I, A is the surface area exposed, and 
Cai is the solute concentration at  the diffusion layer-matrix inter- 
face. The fluxes passing through the interface between the donor 
phase and the first segment of the matrix are assumed to be equal 
and may be expressed by: 


where D, is the effective solute diffusion coefficient in the matrix, 
TH is the thickness of the segment, and CO(,) is the average aqueous 
solute concentration in the first segment. 


The mass balance for each segment is given by: 


where Vt ,  V,, and V, are the total volume, the volume of the aqueous 
portion, and the volume of the oil phase, respectively, of a segment; 


I-MATRI X- 
LOCAL CONTINUOUS PHASE 


INTERNAL PHASE(ol1 dm 


I IULK AQUEOUS 


Figure 1-Schematic model describing the uptake of the solute from 
the donor bulk aqueous phase to the matrix. THM is the thickness 
of the matrix, TH is the thickness of the segment, und h is the thick- 
ness of the diffusion layer. 
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Figure 2-The concentratiori-distance distribution profiles in the local bulk aqueous phase (solid line, which corresponds to the left scale) and in the 
oil phase (dotted line, which corresponds to the right scale). Permeability coefficients are P = I X cm. sec.-I ( A )  and 1 X 10-9 cm. set.-' 
(B) .  The diffusion coeflcient of the donor aqueous phase is D, = 8 X 10-‘ cm2 set.-'. The difusion coefficient in the matrix is  D,, = 5.8 x 
10-6 cm.2 sec.-1. Volume fractions ofthe aqueous and the oil phases are 0.8 and 0.2, respectively. Other parameters remain fixed. 


C,( , )  and C,(,, are the aqueous solute concentration and the oil 
phase concentration of the solute in segment i, respectively. One 
may also write the following relations involving the first segment: 


(Eq. 5 )  


where Ca(r) is the aqueous concentration of segment 2, a is the 
radius of the oil droplet, n is the number of droplets in a segment, 
P is the permeability coefficient for the oil-water interfacial barrier, 
and K,, is the oil-water partition coefficient. 


The following equations may be written where segment i is neither 
the first nor the last in the matrix: 


dC0(,) n4na2P [. . C.ci)] yo a(t) 


The rate expressions for the last segment, segment ti, are: 


K.0 dt 


Table I-Parameters Describing the System and Their 
Numerical Values and Dimensions 


Parameter Values 
~ 


D ,  
D ,  5.8 X (cm.2 set.-') 


h 0.085 (cm.) 
V ,  50 ( ~ m . ~ )  


THM 0.185 (cm.) 
P 
a 2.3 X 0.5 X (cm.) 


V ,  0.8, 0.5 


8 X 10-6 (cm2 sec.-l) 


0 - m (cm. sec.-l) 


V ,  0.2, 0.5 


A 0.37 (cm.) 
CONCNla 1 (mole) 


K C 0  50 
NOSEGb 10 


a CONCNl = initial concentration in the donor phase. * NOSEG = 
number of segments divided. 


Accordingly, the concentrations of drug in the bulk aqueous phase 
and in each segment in the matrix can be calculated as a function 
of time by solving the set of differential equations, Eqs. 1-9. 


The transport behavior for a typical situation was simulated by 
the IBM 360/67 digital computer. The parameters selected for the 
calculations are shown in Table I along with the other input data. 
The calculations were then carried out for several sets of values 
of the interfacial barrier permeability coefficient, the volume frac- 
tion of the phases, and the oil phase particle size. The detailed out- 
line of the method of computation is given in the Appendix. 


RESULTS AND DISCUSSION 


Typical profiles of the solute concentration-distance distribution 
in the local bulk aqueous phase and in the oil phase with time are 
shown in Figs. 2A and 2B. These were simulated under the condi- 
tions where the interfacial barrier permeability coefficient, P, was 
10-6 and 10-9 cm. set.-', respectively. The total penetration into 
the oil phase is shown in Fig. 3 for three P values. These results 
show that a strong effect of the permeability coefficient is evident 
in this range of P values. When the permeability coefficient is 


100 


50 


0 
60 120 


MINUTES 


Figure 3-Time dependence o f  solute penetratioii into the total oil 
phase of the matrix. At equilibrirrm, the amoirnt in the oil phase is 
92.6% ofthe totalamount in the entire matrix. 
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Figure 4-The concentration change of the donor phase for different 
oil-water permeability coefficients. D, = 8 X 1 0 - 6  cme2 set.-', 
D, = 5.8 X 10-6 cm.2 sec.-l, V, = 0.8, V, = 0.2, atid a = 2.3 X 


cm. The calculations for 0 < P S 10- are carried out with the 
present procedure. The calculation for P = m is based upon a previous 
procedure (5)  usitig the Bruggeman mixture relationship ( 6 )  for D,. 


cm. see.-', the distribution rate between the local aqueous phase and 
the oil phase is very fast, and the solute distribution between the 
aqueous and the oil phases is nearly a t  equilibrium about 30 min. 
later. On the other hand, in the case of P = 10-9 cm. set.-', the 
amount that enters the oil phase is only 2% of the total amount 
even at t = 2 hr. Figure 4 gives the results of the present calculations 
and those for additional situations expressed in terms of the time 
changes in the donor phase solute concentration. The only parame- 
ter that was varied in these calculations was P from zero to infinity. 
The other parameters, shown in Table I, remained fixed. 


These results may be summarized in the following manner. For 
the case of extremely low P values, i.e., from zero to 10-0 cm. set.-', 
the uptake rates for these situations were nearly the same and are 
classified in the first group. For the range of P values of lo-* 'v 


P N the uptake rate was rather sensitive to P and are classified 
in the second group. Ttie third groups' results correspond to 'v 


P N 10-6, where again the uptake behavior is somewhat insensitive 
to P .  When the P values are larger than cm. sec.-I but not very 
large, the uptake rates again increase with increasing P.  This region 
is classified as the fourth group. When the Pis very large, the maxi- 
mum rate is approached and these results are classified as the fifth 
group. For this last situation, the present method of calculation was 
not used. Instead a previous procedure (5) and a D ,  value were used 
based upon the Bruggeman mixture equation (6). 


The physical description of these results may be conveniently 
presented with the help of Fig. 5, in which the effects of changing 
the permeability coefficient are schematically illustrated. The first 
situation (Group I results) corresponds to that in which P is so small 


II N. v 


Figure 5-Schematic illustrations of drug traitsport through the con- 
tinuous phuse (aqueous bulk phase) and itioolving the internal phase 
(oil phase), corresponding to different situations dependent upon the 
magnitude of the interfacial barrier permeability coeflcient. 
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Figure 6-The solute concentratioti changes in the donor phase for dif- 
ferent permeobility coeficierts. D, = 8 X IF6 cm.2 sec.-l, D, = 
5.8 x I O - ~ ~ m . ~ s e c . - ~ ,  V, = 0.5,V0 = 0.5,unda = 2.3 X 10-4crn. 


that oil phase droplets act as impermeable spheres (e.g., glass beads) 
and only a little solute enters the internal phase, The second situation 
is that in which the solute distribution rate between the continuous 
phase and the internal one is still relatively slow but begins to 
influence significantly the uptake kinetics. For this situation, the 
partition coefficient, K,,, may not be so influential when it is large 
and when P is in the lower end of this range. In the third situation 
(III), the solute distribution is sufficiently fast and the aqueous-oil 
equilibrium is essentially maintained throughout the matrix. In the 
fourth situation, the P values are sufficiently great so that the oil 
droplets are not only locally equilibrated with the aqueous phase but 
are contributing as significant pathways to the transport of solute. 
Finally, when P approaches infinity the oil dropiets are both fully 
equilibrated with the aqueous phase and maximally contributing 
to the effective diffusion coefficient of the heterogeneous system (5). 


Figure 6 shows the effect of changing the volume fraction ratio 
from 0.8/0.2 to 0.5/0.5. As can be seen, there are no significant 
qualitative differences with the results in Fig. 4. However, the 
effects are much larger as might be expected. 


The effect of particle size is shown in Fig. 7. The particle-sire 
effect is largely restricted to Group I1 results, where the larger the 
size of the oil droplets the faster is the uptake rate. However, for 
much larger and for much smaller P values, the particle size should 
have no effect on the uptake kinetics. 


This study has provided a quantitative method for analyzing the 
transport behavior of solutes through a heterogeneous system in 
which local interfacial barriers play important roles in determining: 
(a )  the extent to which the internal phase is in equilibrium with the 
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Figure I-Effect of particle size on the solute uptake rate. Particle 
radius = 2.3 X 10-6 cm. and 0.5 X 10-4 em., V,, = 0.8, and V, = 
0.2. 
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local continuous phase, and (b) the extent to which the internal 
phase acts as a pathway for transport of the solute. The theoretical 
procedure permits the calculation of the influences of the inter- 
facial barrier permeability coefficient, the particle size, the volume 
fractions of the phases, and the partition coefficients in the phases 
upon the solute transport rates through the heterogeneous media. 


APPENDIX : NUMERICAL COMPUTATION PROCEDURE 


The flow diagram of the calculating procedure is briefly shown in 
Scheme I. After t = 0, a series of calculation procedures undergo 


$6 of initial E d i t i o n  
T - 0  IA = CONCNl 


Scheme I-Flow diagram for computation of concentratioit distri- 
butions 


successive approximation for each time increment, At. On the cal- 
culation of c b ,  Ct(%),  C,(,), and then C0(%) at f = At, the first approxi- 
mation of ACb is obtained from Eq. I ,  assuming ( C o s ) f = A :  = (Cat)t-~. 
Then under the assumption of both Co(t) and Ca(,+l) = 0, the first 
approximation of is calculated by Eqs. 4,6, and 8, respectively, 
and then Cf( , )  at t = Ar is assumed Act ( , )  for 0 < t 4 At. Next, 
by assuming AC,,,) = 0, A c t ( , )  = ACa(,)  according to Eq. 3 and 
then Ca(,) is also assurned 0.5 X AC,,,) for 0 < t 4 At. Accord- 
ingly, AC0(%) is calculated by Eqs. 5, 7, and 9, respectively, under the 
assumption of C,(,) = 0, and then C,(,) is assumed 0.5 X ACo(,) 
for 0 < t S At. The second approximations of c,,, cb, C f ( , ) ,  C.(,), 
and Co(%) are calculated by using the first approximations succes- 
sively. These procedures are repeated until respective values con- 
verge. The calculation of the next step (added At) starts from the 
values of one step before in the same manner mentioned above. 
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A New Tablet Disintegrating Agent: 
Cross-Linked Polyvinylpyrrolidone 


SAUL S. KORNBLUM’ and SAMUEL B. STOOPAK 


Abstract 0 Cross-linked polyvinylpyrrolidone was studied for 
its disintegration property in comparison to starch USP and 
alginic acid. Certain physical parameters of the disintegrants 
(maximum moisture sorption, hydration capacity, bulk density, and 
specific surface area) were determined for the purpose of differ- 
entiating their relative efficiency. A linear relationship was found 
to exist when the maximum moisture sorption was plotted versus 
the specific surface area for each disintegrant. It was postulated 
that capillary activity of the cross-linked polyvinylpyrrolidone for 
water appears responsible for its tablet disintegration property. 
Cross-linked polyvinylpyrrolidone demonstrated superiority over 
starch USP and alginic acid in most of the experimental tablet 


formulations made by either dry or wet granulation. A quinaz- 
olinone compound was formulated into tablets employing each 
disintegrant to provide identical disintegration times, and these 
tablets were submitted to dissolution rate analysis. The dissolution 
results showed some differences for those made by direct compres- 
sion hut no variation for wet granulated tablets. 
Keyphrases 0 Polyvinylpyrrolidone, cross linked-valuated as 
tablet disintegrant, compared to starch USP and alginic acid 
Tablet disintegrants-cross-linked polyvinylpyrrolidone evaluated, 
compared to starch USP and alginic acid 0 Disintegration proy- 
erties-cross-linked polyvinylpyrrolidone, compared to starch 
USP and alginic acid 


Today’s emphasis on the availability of drugs high- 
lights the importance of the relatively rapid disintegra- 
tion of a tablet as a criterion for ensuring uninhibited 
drug dissolution behavior (1-3). Only a few acceptable 
tablet disintegrating agents are available to the research 
pharmacist. The starches (corn, potato, wheat, rice, 


and arrowroot) have been extensively studied (4-7) as 
to their varying properties as disintegrants (8). The 
mechanism of action of the starches is still undergoing 
study, although at one point it was wrongly felt that 
grain swelling was responsible (7). Experiments with 
compressed starch, both dry and wetted, observed with 
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Pharmacology of Mono- and Disubstituted Chlorpromazine Metabolites 


JOSEPH P. BUCKLEYA, MARIE L. STEENBERG, HERBERT BARRY, 111, and ALBERT A. MANIAN 


Abstract 0 Chlorpromazine and 10 of its mono- and disubstituted 
metabolites were investigated for their effects on the CNS of male 
rats and mice. All of the compounds decreased motor activity and 
respiration, and all but two of the compounds decreased heart rate 
in rats. The most potent metabolite in depressing spontaneous motor 
activity of mice was 3,7-dihydroxychlorpromazine, with an EDao of 
5.1 mg./kg. i.p. in comparison to chlorpromazine which had an ED% 
of 2.0 mg./kg. i.p. However, the 3,7-dihydroxy derivative was approx- 
imately twice as toxic as chlorpromazine in mice. 7,8-Dihydroxy- 
chlorpromazine did not alter forced motor activity, but it did induce 
a dose-related depression of spontaneous motor activity; 7-hydroxy- 
8-methoxy derivative also produced a marked decrease in sponta- 


neous motor activity with minimal effects on forced motor activity. 
None of the compounds demonstrated anticonvulsant activity, and 
only 7-hydroxy-chlorpromaine elicited effects suggesting possible 
antidepressant activity. Barbiturate sleeping time was potentiated 
by all of the compounds, mainly due to  their CNS depressant p r o p  
erties. 


Keyphrases 0 Chlorpromazine and 10 mono- and disubstituted 
metabolites-effects on CNS of rats and mice 0 CNS depression- 
effects of chlorpromazine and 10 mono- and disubstituted metab- 
olites, rats, mice 0 Motor activity, spontaneous and forced-effects 
of chlorpromazine and disubstituted metabolites compared, rats, 
mice 


Fishman and Goldenberg (1) identified several metab- 
olites of promazine and chlorpromazine in human 
urine including 3-hydroxyphenothiazine and 7-hydroxy- 


chlorpromazine. These and other monohydroxylated 
and methoxylated derivatives have been investigated 
and found to be pharmacologically active (2-7); it also 
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Table I-Experimental Compounds Table II-Acute LDma, ED@, and Safety Index of the 
Compounds in Mice 


Compound 
Number Compound Name 


I 8-Hydroxy-7-methoxychlorpromazine 
I1 7-Hydroxy-8-methoxychlorpromazine 


111 7-Hydroxy-8-methoxy-nor,-chlorprom~ne 
IV 7-Hydroxy-8-methoxy-norrchlorproma~ne 


hydrochloride 
V 3,7-Dihydroxychlorpromazi.ne 


VI 7,8-Dihydroxychlorpromanne hydrochloride 
VII 7-Hydroxychlorpromazine 


VIII 7-Hydro~y-nor~chlorprornazine 
IX 7-Hydroxy-nor~chlorpromazine 
X 3-(2-Chloro-7-hydroxy-l0-phenothiazinyl)- 


propionic acid 


has been shown that some metabolites contribute to the 
total effect of the parent drug. The purpose of this 
present investigation was to evaluate several mono- and 
disubstituted metabolites of chlorpromazine for their 
possible effects on the CNS. 


EXPERIMENTAL 


Nine mono- and disubstituted metabolites of chlorpromazine and 
3-(2-chloro-7-hydroxy-lO-phenothiazinyl)propionic acid (Table 1) 
were used. 
Male Swiss-Webster mice', weighing 20-30 g., and Wistar 


descendent rats', 200-300 g., were used after being acclimated to 
laboratory conditions for 4-5 days, Each compound or solvent was 
usually tested in groups of 10 mice or six rats, which were permitted 
food and water ud libitum. The free bases were dissolved in sufficient 
0.1 N HCI and then adjusted to volume with normal saline, except 
for Compounds 1V and IX for which propylene glycol USP was 
used and Compound X for which 0.5 N NaOH was used.Compound 
Vl. synthesized as the hydrochloride salt, was dissolved in normal 
saline; however, since this solution changed color almost imme- 
diately, 0.1 ascorbic acid was added to prevent oxidation. The 
solutions were freshly prepared and the injection volume was kept 
constant at 10 ml./kg. for mice or 1.0 ml./kg. for rats. The injection 
time was over a period of 15 sec. The results that differed from con- 
trol values at p < 0.05 level (Student's t test) were considered to be 
statistically Significant. 


METHODS 


The acute 72-hr. intraperitoneal lethal effects were determined in 
mice using three dose levels, and the LDbo was estimated using 
probit analysis as described by Goldstein (8). The intravenous LDbo 
of Compound VI was also determined with three dose levels. 


Cross Behavior in Rats-All 10 compounds were evaluated by a 
gross-observation rating scale as described by Watzman et al. (7). 
The time course of the drug effect was ascertained by checking items 
on the scale at 15 min. prior to and 30. 60, 120, 180, and 240 min. 
following drug administration with special emphasis on behavioral 
and autonomic effects. 


Spontaneous Motor Activity-The effects of the compounds on 
the spontaneous motor activity of mice were measured in three pho- 
tocell cages'. Two animals treated with identical doses of the same 
compound were placed in each of two photocell cages 0.5-1 hr. after 
drug administration, and counts were recorded every 15 min. over a 
I-hr. period. Each dose was tested in a factorial design in each of the 
three activity cages to negate the differences in sensitivity among 
units. Control animals were tested simultaneously in one activity 
cage at the same time intervals after administration of an equal vol- 
ume of saline or the particular solvent used, and the EDa (defined 
as the dose that decreased the level of performance to 50% of the 
control scores) was calculated for each compound. 


F o r d  and Spontaneous Motor Activity-The effects of the com- 


Carworth Laboratories. 
* Hilltop Laboratories. 
* Woodard Research Corp. 
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Compounds 


Chlorpromazine 
I 


I1 
111 
IV 
V 


VI 
VII 


VIII ix 
X 


LDsh 


1.p. 


119.7 
114.6 
130.3 
77.8 
67.5 
52.8 
24.8 


119.4 
58.1 
48.2 


,133.7 


mg./kg. 
EDso, Safety Index, 


mp.Fe. LDbo 
1.p. EDso 


2.0 59.9 
44.5 2.6 
n. 2 4.8 
35.4 2.2 
31.7 2.1 
5.1 10.4 
6.6 3.8 
7.5 15.9 


16.1 
13.7 
75.3 


3.6 
3.5 
1.8 


a The 72-hr. LD60. 


pounds on forced motor actiiity of mice were studied using the rota- 
rod as described by Watzrnan and Barry (9). The wooden rod rotated 
at 4 r.p.m. during the first 30 sec., at 6 r.p.m. during the next 30 sec., 
and at progressively increasing speeds thereafter at 30-sec. intervals 
until the animals fell off. Six animals were tested simultaneously and 
were given two trials spaced 4-6 hr. apart on each of 2 consecutive 
days for a total of four trials. The last trial was preceded by a 0.5- 
I-hr. interval before the administration of saline, solvent, or one of 
the selected doses of chlorprornazine or the metabolites. The drug 
or placebo effect for each animal was computed as the ratio of per- 
formance time on the fourth trial divided by performance time on 
the third trial. Ten minutes following the initiation of the fourth 
rotarod test, the six animals were put into three photocell actiyity 
cages as described for spontaneous motor activity and the counts 
were recorded for I5 min. The percentage of control activity 
(spontaneous and forced motor activity) at each dose level of the 
compounds used was plotted in an attempt to make an early eval- 
uation of the possible type of activity of each compound. 


Anticonvulsant Activity-The effects of the compounds on con- 
vulsions and death produced by pentylenetetrazol (100 mg./kg. 
s.c.) and strychnine sulfate (2 mg./kg. i.p.) were studied in mice, as 
described by Watzman et al. (7), and on maximal electroshock sei- 
zure, as described by Manian et al. (6). The doses of chlorpromazine 
and of the metabolites were identical to those used in the sponta- 
neous activity studies. 


Antireserpine Activity-Male mice, weighing 20-25 g.. were used. 
Each experiment was carried out on five groups (five animals in 
each group) (10). The doses of the metabolites were identical to those 
used in the spontaneous motor activity studies. The animals were 
permitted food and water ad libitum, and the experiment was con- 
ducted at a temperature of 18-20" (64.5-68"F.). One hour was al- 
lowed for the animals to stabilize in the room, and then the rectal 
temperature was determined by inserting the thermometer' 2 cm. 
into the rectum. Five groups were used simultaneously: Groups I, 
11, and 111 received different doses of chlorpromazine or a metab- 
olite; Group IV received desipramine (desmethylimipramine) 
(20 mg./kg. i.p.); and Group V received saline (10 ml./kg. i.p.). 
One hour following treatment, the rectal temperature was again 
determined and the animals were examined for development of 
ptosis, diarrhea, and change in motor activity. Reserpine (1 mg./kg. 
i.p.) was then administered, and 4 hr. later the rectal temperature 
was obtained and alterations in ptosis, diarrhea, and motor activity 
were noted using the saline group as the control. Hypothermia was 
calculated in terms of the decrease in rectal temperature from the 
individual control value of each mouse. The control value was the 
temperature recorded after chlorpromazine or a metabolite was 
administered, since these compounds were found to decrease. body 
temperature. 


Barbiturate Sleeping Time-One hundred and twelve male mice, 
20-24 g., were used. Half of these (56 animals) were divided into 14 
groups of four animals each. Each group received normal saline (10 
ml./kg.), a dose of chlorpromazine, or one of five test compounds 
intraperitoneally. Thirty to sixty minutes after administration of the 
drug, either sodium hexobarbital(100 mg./kg. i.p.) or sodium bar- 


~~ 


4 Telcthermometer, Yellow Spring Instrument Co. 







bital(300 mg./kg. i.p.1 was injected. The onset of sleeping time (loss 
of righting reflex) and the length of sleeping time (recovery from im- 
mobility) were determined. Sleeping time is defined as the interval 
between the loss and return of the righting reflex. The criterion for 
the loss and return of the righting reflex is defined as the inability 
and ability, respectively, of the animal to  right itself within 5 sec. 
in three successive trials when placed on its back. The test was 
terminated if the mouse continued to sleep 4 hr. after the loss of 
the righting reflex. 


On the following day the study was repeated with the remaining 
five test compounds using the remaining 56 mice. The 2-day experi- 
ment was replicated so that a total of eight mice received one dose of 
each compound. Each metabolite was tested for effects on sodium 
hexobarbital sleeping time at three dose levels and on sodium 
barbital sleeping time at two dose levels in mice. Since sodium 
barbital is not metabolized by the liver microsomal enzymes, these 
data can distinguish between effects on the CNS per se and inhibi- 
tion or enhancement of liver microsomal enzyme activity. 


Since mice receiving the highest doses of chlorpromazine and of 
some of its derivatives did not recover their righting reflex in less 
than 4 hr., the problem was approached by using the H R D  of 
barbital (1 1). Male mice, in groups of 10, received various doses of 
sodium barbital intraperitoneally in order to estimate the HDto of 
barbital. HDto is defined as the dose of sodium barbital estimated to 
cause 20% of the mice to lose their righting reflex for at least 5 min. 
during the 1st hr. following the injection of sodium barbital. The 
intraperitoneal HDSO of sodium barbital was 147.9 mg./kg., deter- 
mined according to the method of Litchfield and Wilcoxon (12). 
Male mice, 20-24 g., in groups of eight received the highest dose of 
either chlorpromazine or one of the 10 metabolites 30-60 min. 
prior to the administration of the HJho of sodium barbital. 


RESULTS 


Cross Behavior-Chlorpromazine and its metabolites decreased 
motor activity and rate of respiration within 30 min. Heart rate was 
decreased by all compounds except I11 (7-hydroxy-8-methoxy-norl- 
chlorpromazine) and VIII (7-hydroxy-norl-chlorpromazine). The 
pupil was slightly dilated by all compounds except 1X. Body tem- 
perature was decreased by all compounds except V, and ptosis 
occurred with all of the phenothiazines except I11 and V. 


The intraperitoneal 72-hr. LDso, EDao (effects on spontaneous 
motor activity), and the safety index (LD~D/EDsD) in mice are 
summarized in Table 11. Compound VI was the most toxic com- 
pound tested on a milligram per kilogram basis; however, Com- 
pound X had the lowest safety index and, therefore, the lowest 
safety range. As can be seen in Table 11, chlorpromazine was more 
potent on a milligram per kilogram basis in depressing spontaneous 
motor activity than the metabolites and had a greater safety index 
than any of the compounds investigated. The 7-hydroxy (Com- 
pound VII) and 3.7-dihydroxy (Compound V) derivatives had the 
highest safety indexes of the metabolites investigated. having indexes 
of 15.9 and 10.4, respectively. 


Table III-ElTects of the Experimental Compounds on Spontaneous 
Motor Activity in Mi@ 


~~ 


Dose, 
Dose, Percent mg./ Percent Dose, Percent 


Com- mg./kg. of kg. of mg./kg. of 
pound 1.p. Control i.p. Control 1.p. Control 


Chlorpro- 
mazine 


I 
I1 


I11 
IV 
V 


VI 
v i i  


VIII 
IX 
X 


1 87.0 2 5 3 . 8  4 5 . 2  


20 122.5 40 68.2 60 l l . Y  
13 101.6 26 5O.W 39 1 5 . 9  
16 97.2 32 59.4 48 23. 4D 
12.5 85.1 25 61.7 50 3 0 . 3 b  
5 49.6 10 32.Y 20 11.P 
3 90.2 5 66.7 10 2 8 . 9  
6.25 63.8 9 34.1 12.5 9.CP ~~ .. - 


12 -~ 78.9 18 32.@ 24 2 2 . P  
5 110.4 10 47.1 30 17.  3b 
40 94.6 60 87.3 80 37.P 


a The 0.5-hr. counting time. b Significantly different from saline- 
treated controlgroups(p < 0.05). 


Table IV-ED= for Spontaneous Motor Activity Data for 0.25-hr. 
Test Shown in Figs. 1 and 2 and 10 min. following the Test of Forced 
Motor Activity 


Compound 


Chlorpromazine 
I 


ri 
111 
IV 
V 


VI 
VII 


VIII 
JX 
X 


E D ~ o ,  mg./kg. i.p. 95% Confidence Limit 


1.9  1.3-2.4 
47.2 28.3-78.9 


15 .431 .9  22.2 
28.8 19.7-42.3 
53.2 30.0-94.4 
8 . 5  4.8-15.1 


11.6 5.2-25.7 
8 . 2  4 . e 1 3 . 9  


27.6 19.7-38.6 
24.6 12.0-50.4 


197.2 95.3-408.3 


Spontnneous Motor Activity-As seen in Table 111, almost all 
doses of the 10 compounds exhibited a dose-dependent depressant 
effect on spontaneous motor activity as  measured in the photocell 
activity cage. 
Farced and Spontpneolrs Motor Activity-Figures 1 and 2 show 


the comparative dects  of chlorpromazine and the 10 experimental 
compounds using data in which effects on spontaneous activity 
were investigated 10 min. following initiation of the rotarod test. 
Chlorpromazine clearly decreased motor coordination in doses of 
I ,  2, and 4 mg./kg. (Fig. 11, whereas much higher doses of the 
experimental compounds were needed to  produce detrimental effects 
on forced and spontaneous motor activities. Most of the com- 
pounds had a greater detrimental effect on spontaneous than on 
forced motor activity. In particular, Compounds 11, 111. and V1 
decreased spontaneous motor activity with minimal effects on forced 
motor activity. However, Compounds V, VIII, and IX produced 
similar magnitudes of &ect on both forced and spontaneous motor 
activities, suggesting maximal effects on cerebral cortical activity. 
Compound X did not significantly alter either forced or spontane- 
ous motor activity under these experimental conditions, even 
though it did produce some decrease in spontaneous motor activity 
in the initial studies (Table 111). This difference in activity could 
possibly be due to stimulating effects induced during the rotarod 
portion of this phase of the study, although the EDads for depression 
of spontaneous motor activity in this phase of the study (Table IV) 
were similar for most of the compounds to those obtained earlier 
(Table IJ). 


Anticonvulsant Activity-None of the compounds investigated 
protected the animals from convulsions produced by pentylenetetra- 
zol(100 mg./kg. s.c.), strychnine sulfate (2 mg./kg. i.p.), or maximal 
electroshock. 


Antlnserpine Activity-Since chlorpromazine and its derivatives 
decreased body temperature, the rectal temperature was measured 
after the administration of the test compounds and again 4 hr. fol- 
lowing the administration of reserpine. Compound VII was the only 
experimental compound that significantly counteracted the decrease 
in body temperature due to  reserpine (Table V), and then the differ- 
ence was significant only at the lowest dose used, 6.25 mg./kg. i.p. 
Two compounds, IV and V, significantly potentiated the hypother- 
mic effect of reserpine (Table VI). None of the 1 1  compounds tested 
showed any effect on the reserpine-induced ptosis, and only des- 


Table V-Antagonism of Hypothermic Effects of Reserpine (1  
mg./kg. i.p.) by Compound VII 


Dose, mg./kg. A Temperaturec, - 
Drugs 1.p.a Nb X f  SE P 


Saline 10 ml./kg. 5 3.62 f 0.34" - 
Desmethylimi- 20 5 1 .323=0.26" <0.001 


pramine 
VII 6.25 5 2 . 1 0 &  0.54" C0.025 
VII 9.00 5 2.68 3 ~ 0 . 5 3 "  <0 .10  
VII 12.50 5 2.74 f. 0.49" <0.10  


a Administered 1 hr. prior to reserpine. b Groups of five mice each. 
c Decrease in rectal temperature 4 hr. after the administration of reser- 
pine. 
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Figure I-Effects of chlorpromazine and Compoutids I-V on spontaneous (0) and forced (a) motor activities in mice. 


ipramine was capable of blocking this effect. All animals showed a 
decrease in motor activity, and diarrhea developed in all mice ex- 
cept those receivingdesipramine. 


Barbiturate Sleeping Time-Only chlorpromazine and Com- 
pounds VII and Vl l l  significantly increased hexobarbital sleeping 
time in the lowest dose used (Fig. 4). The low doses of Compounds 
VII and Vlll  increased hexobarbital sleeping time from 38.6 f 1.5 
to52.0&7.3min.(34.7%)andfrom38.6& 1.5to57.9f 5.1min. 
(50.0%), respectively. In the medium dose range, all compounds 
except 111, V, VI, and X increased sleeping time whereas the high 


doses of all compounds produced a significant increase in the sleep 
ing time; however, chlorpromazine was by far the most potent of 
the compounds tested (Figs. 3 and 4). 


In medium doses, chlorpromazine and Compounds I l l ,  VI, VII, 
VIII. and IX produced a significant increase in the duration of 
barbital sleeping time. The mean sleeping time of sodium barbital in 
the saline-treated animals ranged from 65.0 f 4.8 to 88.3 f 13.2 
min. Table VII shows that when the HD?o dose of sodium barbital 
was given to mice that were pretreated 30-60 min. prior to the ad- 
ministration of sodium barbital with the high dose of either chlor- 
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Figure t-mects of chlorpromozine wid Compounds VI-X on spontaneous (0) ond forced (0) motor octioities in mice. 


promazine or one of its 10 metabolites, all but Compound X 
potentiated the sedative action of sodium barbltal; however, Corn- 
pounds VII and VIII produced only a slight increase in the number 
of animals losing their righting reflex. 


CNS. The tests used were: gross behavior, spontaneous motor 
activity, forced motor activity, chemoshock antagonism, maximal 
electroshock seizures, antherpine activity, and barbiturate sleep- 
ing time. 


Chlorpromazine was by far the most potent compound in in- 
hibiting spontaneous motor activity (EDjo 2.0 mg./kg. i.p.). Since 
the LDN of chlorpromazine was higher than most of the metabolites 
and the safety index was 3.8-33.2 times greater than the. metabolites 
investigated, it would appear that the metabolites not only are kss 


DISCUSSION 


Chlorpromazine and 10 mono- and disubstituted metabolites were 
studied in a batt;ery of tests designed to compare their effects on the 


Vd. 62, No. S, May 1973 0 719 







200 


160 


120 


Bo 


40 


-1 
0 
K 
t o  
Z 
0 


CPZ 


P 
I 
I 
I 
I 
I 


No 
0 


0 
0 


/ - 
1 2 4 


I1 I 


P 
/ 


0- /”: 
16 32 48 


I I I 


I 


P 
/ 


d 
Y 0 


20 40 60 


1 I I 
IV 


P 
/ 


/ 
/ 


- 
u 


12.5 25 50 
DOSE. mg./kg. 


I 


P 
1 


*O- 


d’ - - 13 26 39 


V 


5 10 20 


Figure 3-Efects ofclilorpromazine and Compounds I-  V on hexobarbirul(0) and barbital (0) sleeping time in mice. 


effective in depressing CNS activity but also are more toxic. Al- 
though Compound V1 was extremely toxic, Compound 1 I had an 
LD:,o 5 times greater than that of Compound V1. Therefore, the re- 
placement of the 8-hydroxy by an 8-methoxy group markedly de- 
creased the toxicity of the compound; however, it still took a dose 
of Compound II  approximately 5 times greater to equal the de- 
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pressant effects produced by Compound V1. Compound V produced 
approximately equivalent dose-response effects on spontaneous and 
forced motor activities, suggesting maximal effects on cerebral 
cortical activity. whereas Compounds 11, 1V. and V1 produced 
marked effects on spontaneous motor activity with minimal or no 
effects on forced motor activity. Compound VII had the highest 
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Figure &Effects of chlorpromazine and Compounds Vl-  X on hexobarbital(0) and barbital (0) sleeping time in mice. 


safety index of the metabolites studied; however, it was slightly 
less than one-third as effective as chlorpromazine in inhibiting 
spontaneous motor activity, whereas the LDw’s of the two com- 
pounds were approximately equal. The data obtained in this portion 
of the study suggest that the metabolites are less efficient in de- 
pressing CNS activity and more toxic than chlorpromazine. 


None of the phetiothiazine compounds investigated protected the 
animals from convulsions produced by pentylenetetrazol, strychnine 
sulfate, or maximal electroshock seizures. 


Only Compound VII showed significant antireserpine activity in 
the low dose tested, and Compounds I V  and V showed a significant 
potentiation of the effect of reserpine in decreasing rectal tempera- 
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Table VI-Potentiation of Hypothermic ERects of Reserpine 
( I  mg./kg. i.p.) by Compounds IV and V 


Dose, mg./kg. A Tcmperaturec, 
Drugs 1.P." N b  X z t S E  P 


Saline 10 ml./kg. 5 4.02 f 0.26" - 
Desmethylimi- 20 5 1.62 f 0.17" <O.Ool 


pramine 
V 20 


1 v  50 
5 5 .48  f 0.39' <0.01 
5 5.58 f 0.25 <0.01 


a Administered 1 hr. prior to reserpine. * Groups of five mice each. 
c Decrease in rectal temperature 4 hr. after the administration of reser- 
pine. 


ture. No conclusion can be drawn from these data as to the effects 
of the dihydroxy and methoxy substitution to the chlorpromazine 
molecule as related to potential antidepressant activity. Halliwell 
er a/. (13) tested imipramine, desipramine, chlorpromazine, and 
compounds structurally related to chlorpromazine. They found that 
while imipramine and its derivative markedly antagonized the 
reserpine-induced mydriasis and ptosis, chlorpromazine did not 
demonstrate these effects ; thus their results were similar to the 
present findings. 


The compounds affected sleeping time induced by both sodium 
hexobarbital, which is oxidatively metabolized by the hepatic 
microsomal enzymes (14), and sodium barbital. which is excreted 
unmetabolized ( I  5). There were quantitative differences in the effects 
of each compound on the degree of potentiation of hexobarbital 
and barbital sleeping time. For example, if the effects of the medium 
dose of the compounds were compared, chlorpromazine and Com- 
pounds 1 and 11 had a greater effect on hexobarbital sleeping time; 
Compounds 111, lV, VI, VIIl. IX ,  and X had a greater effect on 
barbital sleeping time; Compound VII produced equivalent effects 
on both barbiturates; and Compound V produced a slight decrease 
in hexobarbital sleeping time without significantly affecting barbital 
activity. The enhancement of sleeping time induced by barbital, 
which is not metabolized, suggests that in those instances where the 
compounds potentiated hexobarbital, the activity was due to a direct 
depressant effect on the CNS and not merely to inhibition of hexo- 
barbital metabolism. Compoudd V, the compound that had the 


Table V11-Percentage of Mice Losing the Righting Reflex after 
lntraperitoneal Administration of Sodium Barbital (147.9 mg./kg.) 
at 30-60 min. after Intraperitoneal Injection of Chlorpromazine 
or the Experimental Compound 


Percent Losing 
Compound Dose, mg./kg. Righting Reflex 


Chlorpromazine 
I 


I i  
Ill 
1v 
V 


VI 
VI  I 


VIlI 
IX 
X 


Saline 


4 
60 
39 
48 
50 
20 
10 
12.5 
24 
30 
80 
10 ml./kg. 


88 
88 


100  
75 
75 
75 
75 
38 
38 
88 
13  
25 


lowest EDso of the metabolites investigated (using effects on spon- 
taneous motor activity as the assay procedure), produced minimal 
effects on barbital sleeping time in both doses used, increasing b x o -  
barbital sleeping time only 6.5% with the low dose (5 mg./kg. i.p.) 
and 38.6% with the high dose (20 mg./kg. i.p.1. 


Compound X, in which the 10-f3-(dimethylamino)propyl] group 
of chlorpromazine is replaced by propionic acid, was the least 
active compound tested. 


The inhibitory effects of Compound VII on spontaneous and 
forced motor activity, its relatively high safety index, and its anti- 
reserpine activity suggest that the metabolite may have potential 
utility as a therapeutic agent. 
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Topical Mosquito Repellents V: Benzyl Ethers 


F. GUALTIERI*, H. JOHNSON, H. TONG, H. MAIBACHt, D. SKIDMORE?, and W. SKINNER. 


AbBtfpcf 0 A series of benzylic ethers with hydroxyl, epoxy, and 
unsaturated moieties was synthesized and evaluated on human skin 
for repellency against female Aedes aegypti mosquitoes. Compounds 
exhibiting the longest durations of repellency were those with boiling 
points of approximately 125'/0.5 mm. The case of two monobenzyl 
ethers of 3,4-dihydroxycyclopentene-l having the same boiling 
points but different repellent activity is of interest. None of the 
compounds examined was as effective as N,Ndiethyl-m-toluamide 
in terms of the duration of topical repellency. 


Keyphrasea 0 Insect repellents, topical-synthesis of benzyl ethers, 
repellency-volatility relationships 0 Benzyl ethers-synthesized 
and screened as potential insect repellents, repelkncpvolatility 
relationships 0 Repellency-volatility relationships-benzyl ethers 
as topical insect repellents 


Previous studies (1, 2) suggested that benzyl ethers 
and polyoxy ethers of the benzyl type .were potentially 
of value in the search for longer lasting topical mosquito 
repellents. The present compounds were synthesized 
and evaluated topically on human skin to define the 
repellency characteristics of such compounds and to 
determine the effect of other structural moieties such as 
alicyclic and unsaturated groups. 


RESULTSANDDISCUSSION 


The compounds (Table I) were obtained by the usual Williamson 
synthesis using the sodium salt of the alcohol and bmzyl chloride; 
in those cases where a double bond was present, salt formation was 
D ~ U  sodium hydride in dimethylfommide. With the diols, a double 
series of compounds, the monobmzyl and dibenzyl ethers, could be 
obtained using a 1 : 1 ratio of diol and sodium hydride. The separa- 
tion of the reaction products by vacuum distillation was not com- 
plete, and liquid chromatography was usually required for obtain- 
ing suitable analytical samples. The monobuuyl ether fraction of 
3,4-dihydroxycyclopentene-l was further analyzed by VPC, yielding 
two peaks (FFAP column, 205", flow rate of 120 ml./min.) with 
retention times of 10 min. (Compound Vb, the larger fraction) and 
11 min. (Compound Va, the smaller fraction). 
The indicated structures for the monobenzyl ethers of 3 , M -  


hydroxycyclopentene-1 were assigned on the basis of NMR as 3- 


droxycyclopentenel (Vb). The NMR spectra of these two com- 
pounds (Table 11) were nearly identical; the major difFerenm were in 
the 7 values of the protons at the 3- and 4-positions. 


The 3-proton of Compound Va should (5) and does have a lower 
I value than the 3-prOtOn of Compound Vb, since the former is on a 
carbon with a hydroxyl group and the latter is on a carbon with an 
ether substituent. Similarly, the 4-proton of Compound Vb has a 
lower 7 value than that of Compound Va for the same reason. Fur- 
thermore, the 4-proton of Va is a quartet, because of the influence 
of the 5-methylene protons and the >proton. The 4-proton of Va 
also has a higher 7 value than its own 3-prOtOn, because the former 
is an H--G--OR proton as compared to an H-C-OH proton and 


hydroxy-4-bmzyloxycyclopenteael ( VU) and fbe11~yloxy4-hy- 


OH 
Va Vb 


because the >proton is allylic. In the case of Vb, its Cproton should 
have a lower r value than its own >proton (H-C-OH rxrsu 
H-C-OR); but since the >proton is allylic, it is shifted dwafleld. 
The two protons consequently have about the same 7 values; 5.6- 
5.8. The structure of Vb is further confirmed by its acetyl derivative, 
whose +proton appears at 7 4.65-4.95 as a quartet, having shifted 
downfield as expected and being split by its neighboring protons; 
the 3-prOtOn is practically unchanged. 


The IR spectrum of the acetate shows the disappearance of the 
hydroxyl(3 p )  and the appearance of the carbonyl band (5.8 p). 
Finally, Vb is the larger fraction in the reaction product as com- 
pared to Vu, because of the influence of the doubk bond on the 
acidity of the 3-hydroxyl group in 3,44ihydroxycyclopenteaa1, 
thus favoring the formation of the ether derivative in the 3-position. 


Similarly, the monobenzyl ether of 3,kliydroxycyclopenteno-1 
was analyzed by VPC. Again, two main peaks were obtained (FFAP 
column, 210", flow rate of 120 ml./min., retention times of 17 and 19 
min.), collected, and analyzed. Their NMR absorption peaks were 
identical, suggesting that they are probably cis- and rrans-isomef9. 
Their 4-CHt bands (r  7.8-8.2) confirm the nonallylic nature of these 
protons in comparison to the %HI allylic protons (T 73-7.7) of 
Compounds Va and Vb. 


Compound VI was prepared Dia epoxidation of a mixture of Va 
and Vb; similarly, the other epoxy compounds were prepared from 
the comsponding unsaturated ethers. No attempt was made to 
determine their steric structures. 


As in previous studies (1,2), the present series of compounds ex- 
hibited a rather restricted volatility-repellcncy relationship. Corn- 
pounds with boiling points higher or lower than those of Compound 
IV, Va, Vb, and VII did not yield appreciable repellency duration 
(Tabk I and Fig. 1). Nonalicyclic bmzyl ethers (Compounds XIII- 
XVIII) of a wide range of boiling points are compktely inefiective. 
Together with previous data (2), the present results suggest that a 
volatility region corresponding to a b o i g  point of approximately 
115-135"/0.5 mm. is optimal for alicyclic benzyl e t h  in tams of 
topical mosquito repellency. The striking difference in the protw 
tion times of Compounds Va and Vb, which are isomeric with the 
same boiling point, suggests a case of specific structure-activity 
relationship not commonly reported in insect repellent studies. 
Similarly, it is of interest that Compounds XIII-XVIII uniformly 
exhibited poor repellency in spite of the variation in volatility (Tabk 
I). The presence of an OH group, an epoxy ring, or a second beazyk 
moiety does not appear to significantly enhance repellent potency. 
In terms of duration of protection, Compound Va approaches but is 
inferior to the performance of N,N-diethyl-m-toluamide (2). 


5 1  
i z 


Y 
v) 


40 60 80 100 120 140 160 I80 200 
BOILING POINT, 'c/0.5 mm. Hg 


Figure I-Alicyclic benzyl ethers. 
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T a b  I-BNIZY~ E h  ROCHKIH, 


Duration of 


Com- 
mund R 
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I1 


111 


Iv 


VP 


Vb 


VI 


VII 


VIlI 


IX 


X 


XI  


XI1 


XI11 


XIV 


xv 


XVI 


XVII 


XVIII 


0 d 
?OH 


HO 


Q- 


--. 


2 


49 


37 


- 


77 


23 


71 


45 


67 


18 


41 


52 


56 


59 


86 


50 


50 


- 


- 


C 82.94 
H 8.57 


C 75.69 
H 7.42 


C 75.69 
H 7.42 


C 69.89 
H 6.84 


C 75.69 
H 7.42 


C 69.89 
H 6.84 


C 81.40 
H 7.19 


c 77.00 
H 6.80 


C 81.40 
H 7.19 


c 77.06 


C 81.77 
H 9.15 


c 74.97 
H 10.2 


C 82.52 
H 10.2 


C 76.88 
H 9.46 


C 76.23 
H 10.2 


C 80.34 
H 9.26 


- 
- 


83.83 
8.75 


76.62 
7.46 


75.62 
7.46 


69.76 
6.83 


75.76 
7.42 


69.76 
6.85 


81.18 
7.39 


76.98 
6.74 


81.28 
7.38 


77.03 


81.91 
9.26 


75.09 
10.1 


82.83 
10.1 


76.82 
9.67 


76.17 
10.4 


80.38 
9.45 


127" (2.6) 


88"(0.35) 


89" (0.6) 


114" (0.25) 


114" (0.25) 


141" (0.25) 


125' (0.4) 


147" (0.35) 


169" (0.4) 


186" (0.35) 


167" (0.4) 


187" (0.3) 


73" (1.75) 


S"(1.25) 


88 " (0.25) 


119"(0.35) 


111" (0.15) 


173" (0.2) 


0.6 (2) 


0.6 (5) 


0.25 (2) 


4.0 (4) 


2.9 (4) 


0.25 (2) 


2.4 (4) 


- 


0.25 (2) 


0.25 (2) 


- 


0.25 (2) 


0.25 (2) 


0.25 (1) 


0.25 (2) 


0.25 (4) 


0.25 (3) 


0.25 (3) 


a See Reference 3. b See Reference 4. 
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TpMe II-NMR 7 Val- of Derivatives of 3,442y~l0~teaadiOl 


Aromatic Vinyl Benzyl 3-Position 


2H w 1H 1H w 1H 3H 
~~ ~~ ~ 


QBenyl ether 2.70 4.2 5.4 5.5 5.8-6.1 7.5-7.7 7.4-7.6 - 
- (quartet) 


S-Benyl ether 2.70 4.0-4.3 5.4 5.6-5.8 5.6-5.8 7.5-7.7 7.2-7.4 
4-Acetate of 3- 2.75 4.1-4.3 5.5 5 .6  4.6-4.95 7.4-7.6 - 8.05 


a C o n h c d  by LM) exchange and integration. 


EXPERIMENTAL 


The starting materials of the best mosquito repellents in this suies, 
3,4-dihydroxycyclopentene-l (b.p. 55-65"/0.5 mm. Hg) and 33- 
dihydroxycyclopenteaal (b.p. 90-100"/0.6 mm. Hg), were obtained 
commercially1 as a mixture and were separated by spinning band 
distillation. The 3.4-dihydroxy fraction (ni6 1.4971) was further 
puri!ied by VPC (FFAP column, #)So, flow rate of 120 ml./min.) 
and had a retention time of 5 min.; the 3,S-dihydroxy fraction 
(n:" 1.5012), under the same GC conditions, had a retention time of 
11 min. The 3,5-dihydroxy fraction was oxidized to the dione as 
previously described (S) ,  and the melting point agreed with that re- 
ported. A comparison of the NMR spectra of the derivatives Va, 
V6, and VII indicated that the assigned structum as 3,4- and 3,s- 
dihydroxy compounds were correct. 


The alcohol (0.1 mole) was added slowly to a stirred suspension of 
sodium hydride (0.1 mole) in 50 ml. of anhydrous dimethylformam- 
ide. After 3 hr. at room temperature, benzyl chloride (0.1 mole) was 
added dropwise with stirring and cooling. After 24 hr. at room tem- 
perature, the mixture was partitioned between hexane and water. 
The hexme layer was washed and dried (sodium sulfate), yielding 
primarily the dibenzyl ether, while extraction of the aqueous phase 
with ethyl acetate gave primarily the monobenzyl ether following 
fractionation of the oils resulting from the evaporation of the sol- 
vents. In some cases (Compounds V, VII, D[, and XI), chrornatog- 
raphy on silica gel (eluant 20:80, ethyl acetate-cyclohexane) was 
neces~ary to obtain p ~ r e  d y t i c a l  ~ampks. Boiling points 
corrected. 
The compounds were tested on the foreann of human subjects as 


described previously (1.2) at a concentration of 0.35 mg./cm.*. 


un- 


1 Rcrearch Organic. 
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Multiple-Dose Kinetics of Oral Anticoagulants: 
Methods of Analysis and Optimized Dosing 


THEOFANIS G. THEOFANOUS’ and RONALD G. BARILE 


Abstrnct 0 A mathematical technique for estimating the kinetic 
parameters that control patient response to oral anticoagulant 
administration is presented. The technique utilizes routinely ob- 
tained and recorded data such as anticoagulant dose regimen and 
prothrombin times. It is possible to apply during any stage of therapy 
and to gain predictive capability from data covering the measured 
response over a minimum period of 2 days. The applicability of the 
technique is demonstrated by direct comparison with two actual 
patient records. 


Key- 0 Anticoagulant therapy-estimation of kinetic re- 
sponse parameters using routine clinical data, equations, compared 
to patient records 0 Multiple-dosing kinetics, oral anticoagulants- 
estimation of response parameters using routine clinical data, equa- 
tions, compared to patient records 0 Prothrombin time data- 
used to estimate kinetic response parameters to oral anticoagulant 
therapy, equations 0 Dosing regimens, oral anticoagulants-de- 
termined using estimated kinetic response parameters based on 
routine clinical data, equations 


The pharmacological effects of hypoprothrombinemic 
anticoagulant drugs vary widely among individuals 
and preclude a universal response to a fixed dose of 
these agents. A given dosage schedule may be totally 
inadequate to prevent thrombosis in one individual but 
may cause hemorrhage in another (1). This fact, as well 
as a need sometimes to readjust therapeutic levels of 
activity during therapy (l), obviously necessitates patient 
individualization of dosing regimens for these drugs 


and clearly emphasizes the need for predictive relation- 
ships between dosage regimens and the magnitude of 
drug response they produce. 


The first and basic steps toward such an individualiza- 
tion are the elucidation of the basic biochemical mech- 
anisms involved in the synthesis of prothrombin com- 
plex activity and an assessment of the relevant intrinsic 
kinetics. The excellent works of other researchers (2-9) 
cover the whole tange of development of this stage, 
from the pioneering level up to a complete and extensive 
verification of the proposed kinetic model. 


Following these fundamental works, the “engineering 
aspects” of the process remain to be developed in detail 
to close the gap between laboratory (controlled) studies 
and health care applications and thus to arrive at a 
reliable and convenient aid which could be used by the 
doctor in prescribing anticoagulant dose regimens. 
This study reports the results from the authors’ initial 
efforts in this direction. In particular, the following 
may be recognized as two major engineering aspects: 


1. Parameter estimation. A recent article (10) showed 
how the response to a single dose may be utilized to 
evaluate all of the kinetic constants of a given patient 
needed to predict his or her future behavior. In the 
present study, a method is developed that meets all 
conditions for practical application by allowing imple- 
mentation at any time after the initiation of typical hos- 
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pital therapy (daily and variable dosing) and by utilizing 
only the routinely obtained and recorded dose and pro- 
thrombin history data. 


2. Multiple-dose kinetics. After obtaining estimates 
of the kinetic constants for a given patient, the doctor 
must estimate his or her response not only to the next 
few doses and, therefore, appropriately adjust their 
level, but also to longer range dose-effect relation- 
ships. General formulas that allow such estimates are then 
particularly convenient for quick computations. In the 
present study, such general formulas are derived for two 
classes of dosing schedules, namely, uniform (fixed 
dosing at fixed frequency); and quasiuniform (a single 
initial loading dose followed by a uniform dosing 
schedule). The results for some case computations are 
also presented for illustration. 


Formulplion-The differential equation that governs the time 
variation of prothrombin complex activity (P) is (2): 


In this equation, kd is the degradation rate constant of P, m' charac- 
terizes the synthesis rate of P, and c,, is the concentration of anti- 
coagulant in plasma for which the synthesis rate of P is reduced to 
zero. Finally, cdt) denotes the concentration of anticoagulant in 
the plasma at time t. Physical logarithms (In) are utilized so that 
m' = m/2.3, with rn as introduced previously (2). Following the 
standard procedure, P is  expressed as percent of norm1 throughout 
this paper. 


If Cpmin is defined as the minimum effective concentration, the 
steady-state [(dP/dt) = 01 value of P, Po, in the absence of drug is 
given by: 


To a good approximation (2), the absorption of oral anticoagulant 
may be considered instantaneous, while its removal (i.e., elimina- 
tion) follows first-order kinetics, i.e. : 


(Eq. 3) 


If a t  some given time, say r = 0, the values of c, and P are known, 
say cd0) and P(O), then the values of c#) and P(t) for any later time 
may be obtained by integration of Eqs. 1 and 3: 


cAr) - c,(O)e-kr (Eq. 4) 


Equation 5 applies only for as long as c, is less than c,, and more 
than cpdn, i.e.: 


(Eq. 6) 


In case the lower bound is met, the integration of Eq. 1 should con- 
tinue with c, = Cpmin. In case the upper bound is met, the integration 
of Eq. 1 should continue after setting the first term on the right- 
hand side equal to zero [for as long as cdt) 2 cpmu]. 


Estlmntion of P~~ramters-The kinetic constants, kd, k,, m', and 
cP-, that appear in Eq. 5 must be identified for the particular 
patient if this equation is to give predictive capability. In a typical 
hospital situation, the daily values of prothrombin complex activity 
are available, as well as the correspondingly administered doses of 
anticoagulant. Let Pi denote the value of P at the end of the fth day 
and c,iO denote the increase in concentration (in milligrams per 


c,i. 5 ~ d 0 ) e - k ~  I c ~ . ~  


liter) corresponding to the amount of anticoagulant given at the end 
of the fth day. The following two points should be noted: 


1. Day zero may be taken as any day within the therapy period. 
However, if the choice of the start of anticoagulant therapy is made, 
it would lead more quickly to reliable results. In any case, cprO should 
be taken as the total concentration (i.e., drug initially present plus 
amount given at time zero). 


2. A patient's blood sample for the determination of P is usually 
obtained in the morning while the anticoagulant is administered at 
about 1 :Qo p . ~ .  However, the required value in the derivation is 
Pi, i.e., the value of P at the same time that c,io is administered. This 
may easily be obtruned by graphical interpolation (see Results sec- 
tion). 


The method of parameter estimation is as follows. By applying 
Eq. 5 for the end of the 1st day ( t  = 1 day), an estimate ofP, is given 
by : 


Pi (estimated) = P@+d - E - F In - cpoo 
CF-X 


(Eq.7) 


where, for brevity, we have set: 


F = $  (1  - e - 4 )  
kd (Eq. 9)  


This estimate must be compared with the experimental value PI, the 
"error" given by : 


el I p&d - E - F * - pl (Eq. 10) 


By applying Eq. 5 over the 2nd day, together with the help of Eq. 4. 
an estimate of Pr is given by: 


Cpmax 


PI (estimated) - Ple-&d - E - F In c90°e-" - + G I 0  (Eq* 11) 
%UX 


The error over the 2nd day is given by: 


This procedure can be continued for any number, n, of days for 
which data Pi and c,io are available; the values of kd, k,, m', and 
c,, for which the overall error is minimized are then sought. One 
choice of a measure of the overall error is the sum of the squares of 
the error committed in each day. Clearly, other choices are possible. 
The problem is then to find values for k,, kd, m', and cP- that 
minimize: 


n 


(Eq. 1 3 4  


u - 0  


i.j 2 0  n 


u - i + i  i- 1 
P,,+J In (cppIc-)e-ib~ + 2E c (Pi - Pi-le-bd) - 


n 


i - 1  
2e+* C PiPi-1 (Eq. 136) 


The notation Z:!y+O, means to form the indicated sum with all 
possible combinations of positive or zero i a n d j  but such that i + j 
equals the current value of g. As an illustration, the expression for 
0 is given in the Appendix, without the summation notation, for the 
caseofn = 3. 


A large number of search methods may be applied to find the set 
of constants that minimizes a. However, since upper and lower 
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bounds on the possible values of them am available (La., for the 
comodyutilized warfarh,O < kr < 1.0 < kr < 5.10 < m'< 100, 
and 1 < c,, < 20 constitute ranges within which almost certainly 
the constants of any individual must lie; as more experience is 
gained, revision of these bounds might become evident), the com 
plete scan by evaluating 0 for all possible combinations of these 
parameters within the range of their expected values provides the 
most straightforward procedure for choosing the set that minimizes 
the overall error (0). This particular technique was utilized for the 
calculations presented in this paper. Some operational details for its 
implementation are given in the Results and Discussion section. 


Naturally, a larger value of n yields a more reliable and precise 
evaluation of the kinetic constants. In principk, a minimum value of 
n = 2 seems adequate for a tentative first estimate. As more data be- 
come available during therapy, the minimization of 0 should be 
repeated for continuously improving all previous estimates. 


cenerrl Solutions-First consider a quasiuniform dosing schedule. 
An initial ( t  = 0) loading dose corresponding to an increase in con- 
centration of c#) is given and is followed by maintenance doses of 
fixed magnitude equivalent to cpdm). The time interval between 
dosing is kept tixed at 7 days. Usually 7 = 1 day for anticoagulant 
therapy, but the more general case is considered where 7 is arbitrary. 
No drug is present in the plasma previous to the administration of 
the loading dose, and the initial value of P (steady-state value) is Po. 
By successive application of Eqs. 4 and 5 and generalization, the 
value of P is obtained at the end of the nth period (each of length 7). 


This value is denoted by Pn(7) and is given by: 


m'k, 
kd' 


pn(7) ip Poe-Whr - - (1 - e - h r  - kd7)Sd'"'  - 


where: 


and : 


The drug concentration at the end of the nth period and just after 
the administration of the (n  + 1)st dose is given by: 


cP(7) = (c# - cla(m))e-brr + C,(~)S$'+~) (Eq. 18) 


The variation of P within the (n + 1)st period is denoted by 
P,+&) and may be calculated from: 


m'kr PHl(t) = p n ( ~ ) e - b d t  - - (1 - err' - k d t )  - 
kd' 


In Eq. 19, t measures time withinaperid, s o O <  t < 7. 


ized form: 
Finally, with the use of Eq. 2, Eq. 14 may be written in a normal- 


(1 - ~ - W R J ~ ) I  (a. 20) 


From this last equation, it is seen that the decrease in P / P  is inde- 
pendent of m' and depends only on the dimensionless groups: r k d ,  


rk,, cPmJcPmin, cPo(~)/cpmu. and c,,P/c,,. This observation might 
prove important not only for convenience of data (or calculation) 


10 
9 
t 


Z . 0  - 
1 1 I .  1 . 1  I I I , ,  


n. DAY NUMBER 
1 2 3 4 5 6 7 0 9 1 0  M 30 40 50607080 


Figwe I-Vdues of SJn) or for &fferent values of kr and n. 


presentation but also for achieving a more generalized approach to 
actual data analysis. This topic is under current investigation. 


Clearly, the results for a uniform dosing schedule ( ~ ~ ( - 1 )  are con- 
tained in Eqs. 14-19 and may explicitly be obtained from them by 
simply letting c#) = c,dn). This point is not further elaborated 
here because these results were also given explicitly previously 
(10). 


It might appear that these equations are cumbersome to use for 
predictions over extensive periods of time (large n). Fortunately, 
however, they may be considerably simplified for large n to their 
asymptotic form: 


Or, in normalized form: 


In this asymptotic region, the variation of P within any period is 
given by : 


Clearly, the asymptotic results apply for both uniform or quasiuni- 
form dosing or for any case in which a constant dosing schedule is 
maintained for an extensive time, For convenience of computations. 
the values of the S s  for different values of n and for the common 
values of k,r and k n  are given in graphical form in Fig. 1. Interpola- 
tion may easily be used for interniediate values of the arguments. 


Provided the values of the kinetic constants for a particular in- 
dividual have been determined, the equations presented in this sec- 


Table I-Data for Patient W.F., Male, Age 58, Weight 
88.9 kg. (1% lb.) 


Pro- 
throm 


bin 
Time, Sodium Warfarin 


Date sec. p ,  % Dose, me. 
- - 20 (10 : 50 p.m.) 8-1 3-71 


(adnutted) 
8-14-71 13.0 83 (9:OO a.m.) 10 (1:OO p.m.1 
X-15-11 20.5 32 f9:OO a.m.) 5 (1 :OO D.m.1 .- - ~ ~ - -- . -  
8-16-71 24.1 25 (9:OO a.m.) 5 (1 :OO b.m. 
8-17-71 27.0 22 (9:OO a.m.) 3 (1 :OO p.m.1 
8-18-71 30.3 21 (9:OO a.m.) 0 (1:OO p.mJ 
8-19-71 23.6 26 (9:OO a.m.) 5 (1 :00 p.m.1 
8-20-7 1 20.6 36i9:OOa.m.j 5(1:OOp.m.) 
8-21-71 23.5 26 (9:oO a.m.) 4 (1 :OO p.m.1 


(discharged) 
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Table II-Data for Patient E.F., Female, Age 81, Weight 59.1 k g  
(130 lb.) 


Pro- 
throm- 
bin 


Time, Sodium Warfarin 
Date sec. p, % Dose, m~ 


8-11-71 12.5 lOO(9:OOa.m.) 0 
(admitted) 


8-12-71 
8-13-71 
8-14-71 
8-15-71 


8-1 7-7 1 
8-1 8-71 
8-19-71 


8-16-71 


12.1 
14.1 
28.8 
32.3 
27.1 
25.5 
24.0 
21 .o 


15 (1 :00 pm.) 
15 (1 :00 p.m.) 
5 (1 :00 pm.) 
0 (1 :00 p.m.) 
2 (1 :00 pm.) 
2 (1 :OO p.m.) 
2 (1 :OO p.m.1 
5 (1':OO p.m.1 


1 97 (9:OO a.m. 
62 (9:OO a.m. 


40 


0 
- 1 0  1 2  3 4 5 6  7 8 


n, DAY, NUMBER 


Figure 3--Comparison of theoretical and experimental uariation of 
P with time for Patient E.F. 


22 ( 9 : ~  a.m.j 
16 (9:OO am.) 
22 (9:OO a.m.) 
23 (9:OO a.m.) 
28 (9:OO a.m.) 
31 (9:OO a.m.) 


sent a random selection from the class of well-behaved cases. 
By taking the apparent volume of distribution as 0.13 l./kg. body 


weight (2), the values of cP,O were deduced and are shown in Figs. 2 
and 3. Thus, cPP, C,S~, cpso, etc., represent increases in plasma con- 
centration due to  dosing. On the same figures the actual data ob- 
tained for P are represented by circles. By drawing a smooth curve 
(not shown on figures) between these circles, the values of Pi were 
obtained by interpolation (triangles). Notice that for the case of 
Patient W.F., the absence of a P reading upon admission (Po) neces- 
sitated taking the zero time for the evaluations as shown. The experi- 
mental point corresponding to the date 8-20 (n  = 6) was omitted 
from Fig  2 since it was abnormally high, and a check with other 
analyses recorded on this particular date indicated a systematic de- 
viation in the P determination of an approximate magnitude of 
+lO%ofnormal. 


Minimizations of CP for different values of n were performed (all 
having the same zero time), and the resulting best estimates of k,, kd, 
m', and c,, are summarized in Tables 111 and IV. The arithmetic 
for evaluating * as given by Q. 13 was programmed for a digital 
computer. For each n. a sequential computation of CP is afforded for 
d possible combinations of values of the parameters ( k ,  kd, m', 
and cpmu) as they obtain values at prescribed increments within pre- 
scribed ranges. The expected ranges are given in the Estimation of 
Parameters section and were found to be indeed realistic. The in- 
crements utilized were as follows: 0.025 for k,, 0.25 for ka, 5 for m', 
and 1 for cpnu.. Clearly, a more refined mesh is possible but, in view 


h - 7  1 25.0 24 (~ :oo a.m.) S (~ :oo a.m.) 
(discharged) 


tion enable one to predict the complete response [Le., variation of 
prothrombin complex activity (P)  and drug plasma concentration 
(c,) with time] to any choice of a loading dose (cp~(l)), maintenance 
dose. (cJm)), and dosing interval (7). Such capability would greatly 
facihtate the choice of an appropriate dosing regimen in accordance 
with the response sought. 


RESULTS AND DISCUSSION 


Application of 'Iheory to Achral Hospital Casea-Recent, rou- 
tinely taken, patient records from a Midwestern hospital were 
utilized for assessing the applicability of the theoretical results. The 
pertinent data arising from sodium warfarin therapy for two ran- 
domly selected cases are given in Tables I and 11. For brevity, 
only the first 9 days of data are shown for Patient E.F. (Table 11). 
As remarked later, the evaluations were found equally applicable 
to those data omitted from Table I1 (8-20 to 9-4). The dosing is 
illustrative of that presently utilized in practice (trial-anderror pro- 
cedure). Data became available after the patient discharge so as to 
assure no feedback influence to patient care from the results, which 
are still to be considered experimental in nature. Spontaneous 
changes in P and interaction effects with other drugs are not un- 
known (1 I). From the data examined, such apparent effects were 
easily recognized and were not infrequently encountered. Presently, 
only qualitative information exists on such not-well-behaved cases. 
Those cases in which such effects were not pronounced enough to be 
recognizable by a qualitative examination of the data were charac- 
terized as well behaved. The two case studies reported here repre 


Table III-Optimum Kinetic Constants for Patient W.F. 


no 


0.090 
0.098 


0.30 
0.025 
0.075 
0.175 


1.75 
2.25 
2.25 
1.75 


25 9 2 
3 


__ 
35 
45 
45 
45 


12 
8 
5 
9 
6 


4 
5 
6 
7 


0.24 
0.92 
1.22 
1.56 


0.225 
0.225 


1.50 
1.75 35 


0 Time length (in days) for which data were utilized in the computa- 
tion. b Average error between theory and experiment. c Drug elimina- 
tion rate constant. dProthrombin com lex activity deqradation rate 
constant. 'Constant characteFp syntteus rate of P, introduced rn 
Eq. ,l, f Concentration of anticoagulant in plasma for whch the syn- 
theas rate of P is zero. 


Table IV-Optimum Kinetic Constants for Patient E.F. 
0 ~ ~ " " ~ ~ " " ' J  
- 1 0 1  2 3 4 5 6 7  8 


n, DAY NUMBER 


Figure 2-4omparlson of theoretical and experimental uariation of 
P with time for Patient W.F. Upper half: magnitude of jumps in 
plasma Ieuel concentrations fdlowing each dose administration (0). 
The continuous line represents the resulting plasma concentration due 
to the combination of indicated drug administration and elimination 
(with a rate constant t). Lower half: comparison between experi- 
mental and predicted (with the kinetic ConJtants as indicated) "pro- 
thrombin complex actiuity" uariation with time. 


no 
2 0.0028 0.075 1.25 65 4 
3 1.03 0.375 1.25 75 3 


1.83 0.200 1.50 80 4 
4 


4 
5 2.08 0.200 1.50 75 
6 1.88 0.200 1.50 75 4 
7 1.76 0.m 1.50 75 4 


a-f See footnoted in Table III. 
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.tawLC& 0.32 - OnlYUY c- 


0.26 - 


- 
I I I I I 


0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 
i d ,  day-1 


Figure 4-Sensirivlty plot for the determination of kinetic constants. 
The number on each ellipse indicates the maximum mean ermr ex- 
pected between theory and experiment for any combination of k, and 
kd within the same elllpse and values of m’ and c,,., as shown on the 
figure. 


of the good comparisons with the experimental data thus obtained 
and the sensitivity properties discussed below, it appears unwar- 
ranted. 


From the values of Q, thus obtained, the minimum is selected and 
the corresponding values of the k,, ks, m’, and c,,, then constitute 
the “optimum parameters.” In Tables I11 and IV the value of 
d q n  is also shown since, in view of the manner in which Q, is being 
calculated, the former gives a measure of the “average” error be- 
tween theory and experiment for the indicated choice of the kinetic 
constants. The value of 4% reflects experimental (random) errors 
in the determination ofP. as well as intrinsic variations in time of the 
kinetic constants that are not accounted for in the kinetic model. 
The detailed variation of 4 4 3  with n seen in these tables is thus 
not significant. It is significant, however, that remains consis- 
tently small in all cases, a fact that testifies to both small errors in 
experimental data as well as to the suitability of the analytical tech- 
nique and the accuracy of the kinetic model utilized. A minimal 
fluctuation (with increasing n) on the optimum values of the param- 
eters is also observed. In view of the maintained smallness of the 
average error, this fluctuation is insignificant and the fit is always 
extremely good. 


The comparisons between experimental data and prediction 
(dashed line), utilizing the optimum parameters obtained for n = 7, 
are shown in graphical form in Figs. 2 and 3. The theoretically ob- 
tained time variation of anticoagulant concentration for each case is 
also shown on the upper half of the figures with a continuous line. 
The see-saw appearance of these lines results from the consecutive 


0.35 I I I Y ’  I I I 


0.32 


0.29 


0.26 - g 0.23 
U 


0.20 


0.17 


0.14 


0.11 1 
~ 


L I I t I I I I I 
0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.9 2.1 2.3 


kd ,  day-1 


Figure 5-Change in sensitivity and in “best” values of k, and kd for 
Patient E.F. resulting from a decrease of the oprimum value of m ’ by 
25% 


1.0 


0.9 


0.8 


0.7 


0.6 


8. 2 0.5 


0.4 


0.3 


0.2 


0.1 


0 
. 


1 I .., d 2 d k  
0 2 4 6 8 1 0  (D 


n, DAY NUMBER 


Figure &Comparison in variation of PIP with time for unlform and 
quasiunlform doslng and alifferent dosing regimens. cpo(’) and c,(,) 
repment the drug concentration jumps due to loading and mainten- 
ance dosing, respectiwly. 


application of drug elimination (with rate constant k,) and a jump 
corresponding to  an increase in concentration due to dosing (the 
magnitude of the jump is given by c,P as already discussed). With 
the exception of cPmxr the values of the kinetic constants determined 
for these two cases are in the expected range as determined from 
previous laboratory studies (2-9). The values of cpml incorporate 
the variation of volume of distribution utilized from that of its 
actual value. In fact, it is significant that no precise knowledge of the 
volume of distribution is needed for application of this method, due 
to the fact that the formulas contain only the ratio c,P/c,,.. . The 
suggested estimate of 0.13 I&. body weight (2) allows an evalua- 
tion of the c,& that is an approximation to the actual jump in con- 
centration due to drug administration, and any variation of the 
utilized volume of distribution from the actual one of the particular 
individual is simply compensated for by a corresponding variation 
of the calculated cpmx from its actual value. This interrelationship 
between volume of distribution and c,, is made more clear by 
means of Eq. 24 : 


( 4 . 2 4 )  cpp=8 i ly=  8i 
C m x  c,u (Vc-x) 


where gi is the dose (in milligrams) given the ith day. 
The sensitivity of the fit between theoretical and experimental re- 


sults is reflected in the variation of the value of dQ,T relative to the 
minimum obtained for a corresponding variation in the parameters 
from their optimum values. The most comprehensive sensitivity 
illustration would require a five-dimensional diagram and would be 
more confusing than informative. However, the sensitivity to  kr and 
kd is easily shown for fixed-optimum values of m‘ and c,, by plot- 
ting the values of &% for each combination of k, and kd as in Fig. 
4. This diagram is termed a contour plot and is similar to those in 
cartography. Any ellipse is a locus ofpairs of values (kd,k,) which 
give equal error as measured by d*/n.  The general shape of both 
figures indicates that the equations are not hypersensitive to small 
changes in these parameters. As a result, determined values of kd and 
kr are unique and significant. On the other hand, grossly horizontal 
or vertical contours would indicate a poorly behaved parameter 
evaluation; for example, a horizontal contour would signify that 
given a k,, many possible values of ks would yield an equally good 
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data fit. It is easily seen that any value of 0.19 < k, < 0.21 day-' and 
1.4 < kd < 1.6 day-1 would give essentially the same quality fit as in 
Fig. 3. Similar evaluation may be made for the sensitivity to m' and 
cP- by plotting similar diagrams for fixed values of kr and kd. Al- 
though the sensitivity, in principle, changes from one patient to 
another, some broad conclusions may be drawn from case results as 
to which parameter is usually more important and needs the most 
precise evaluation. 


Finally, to show the combined sensitivity to variations in m' and 
kr and kd, the value of m' was decreased by 2 5 z  from its optimum 
value and again the average error, G n ,  was evaluated for various 
combinations of k, and kd. The results plotted in Fig. 5 indicate that 
this variation in m' from its optimum value resulted in a new "opti- 
mum" set of k, and kr as indicated. However, the error at  this partial 
optimum is slightly larger than that at the true optimum. The overall 
relative sensitivity to k, and ka variations, reflected by the relative 
size of the areas enclosed by the lines of = 6.5 for example, 
remained about the same. 


Ilhmrh.atlpe Calculations for Unlfarm and Quasiunlrorm Multiple 
Douing-computations of the normalized multiple-dose response 
were performed utilizing Eq. 20, and the results are presented in 
Fig. 6. These calculations are meant to be only illustrative and not 
typical or exhaustive. The following values of the parameters were 
utilized: k,z = 0.1 ; &n 0 1.0; c,,,,,../cprni. = 26; and cIO(*~/cpmu = 
0.05.0.1, and 0.2 as indicated. If r is selected different from 1 day, 
the "day number'' should be interpreted as "period number" (each 
of length 7). For the quasiuniform dosing. the value of cpo(~)/cppmu 
= 0.5 was utilized as a loading dose and was followed by uniform 
dosing with the parameters utilized before. The response to a single 
dose equivalent to c#)/c,, = 0.5 is also included for comparison. 
The asymptotic values were obtained employing the asymptotic 
formula (Eq. 22). From these plots, the faster approach of a loading 
dose to asymptotic behavior is clearly illustrated, together with its 
dependence on the kinetic parameters. As more experience is gained 
with the practical applications and after a more definitive bracketing 
of the expected values of the kirletic parameters is established, accu- 
mulating graphical results such as those in Fig. 6 for an exhaustive 
number of cases might be a worthwhile undertaking. From those 
plots the response, P.(T), may be evaluated if the value of m' is 
known (for then Po may be calculated from Eq. 2). 


' 


SUMMARY AND CONCLUSIONS 
A mathematical technique was presented for estimating the 


kinetic parameters that control patient response to oral anticoagu- 
lant administration. The technique utilizes only routinely obtained 
and recorded data such as dose magnitude and prothrombin times. 
It is possible to apply during any stage of therapy and to gain pre- 
dictive capability from data covering the measured response over a 
minimum period of 2 days. The applicability of the technique was 
demonstrated by direct comparison with two actual patient records. 
The numerical evaluation required is only minimal, and the sensi- 
tivity of the results was illustrated by two examples. 


Spontaneous changes and intaaction effects are outside the scope 
of the presently proposed analytical technique. However, it does 


provide the means to  exploit a large volume of hospital records and 
thus attempt to correlate the variation of the kinetic constants with 
disease states or to establish the onset (and hence the cause) of other 
drug interactions and spontaneous changes. 


Finally, formulas were included for convenient computations of 
long-term responses to  uniform or quasiuniform dosing. 
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Subcellular Binding of Ha1othane-lJ4C in 
Mouse Liver and Brain 


LEONARD C. HOWARD, Jr., DAVID R. BROWN, and DAVID A. BLAKE' 


Abstract 0 The extent of binding of halotham-1-14C to mouse liver 
and brain 24 hr. after injection of a subanesthetic dose was measured 
utilizing several techniques: ( ( 8 )  exhaustive dialysis with phosphate 
buffer, (b) solvent extraction with 0.25 M sucrose and toluene, (c) 
protein precipitation with trichloroacetic acid, and (d) soxhkt ex- 
traction with methanol and benzem. A substantial portion of the 
radioactivity was not removed by these procedures and thus was 
bound both in liver and brain, the liver containing a grater amount 
of bound radioactivity on both an absolute basis and a protein 
content basis. The liver microsomal fraction, subjected to exhaus- 
tive dialysis, contained a higher specific activity (disintegrations per 
minute per milligram protein) than the whok homogenate, WOoXg 
pellet, or cytosol. The combination of trichloroacctic acid pre- 
cipitation and soxhlet extraction with methanol and benzene (1:I) 
removed virtually all radioactivity from the brain. whereas 13% 
of the initial radioactivity remained in the liver as tightly bound 
material. Thus, halothane or a metabolite is tightly and probably co- 
valently bound to a protein or other high molecular weight com- 
ponent in mouse liver but not in the brain. 


Keyphrases 0 Halothane, radiolabeled-toxicity, subcellular bind- 
ing in mouse liver and brain 0 Toxicity, halothane-subcellular 
binding in mouse liver and brain, radiolabeled, type of bonding 0 
Hepatitis-subcellular binding of halothane-lJ4C to mouse liver 
and brain, type of bonding. distribution of radioactivity 


Halothane (1 ,l  ,l-trifluoro-2-bromochloroethane) pos- 
sesses two properties of the ideal anesthetic: it is potent 
and nonexplosive. However, fatal hepatic necrosis has 
been reported in a small portion of exposed human sub- 
jects ( 1 4 ) .  While the incidence of hepatitis after halo- 
thane reportedly represents no greater a risk than surgi- 
cal anesthesia itself (9, it is nevertheless a well-estab- 
lished untoward reaction that deserves investigation. 
The recurrence of hepatitis in sensitized anesthetists 
after exposure to only traces of halothane (6,7) and the 
overall low incidence which increases with multiple 


exposures (5) suggest that halothane-induced hepatic 
damage is the result of an allergic reaction. 


If halothane hepatitis is caused by a sensitization reac- 
tion, then halothane or a metabolite must form a hapten 
of an antigen by binding covalently to a macromolecule 
(8). Nonvolatile metabolites of halothane have been 
found to persist in animal liver (9) as well as human 
urine (10, 11). The presence of high molecular weight 
metabolites of halothane in liver and urine (12) indi- 
cates that a metabolite of halothane may be associated 
with a macromolecule; however, no direct evidence 
exists as to whether these metabolites are, in fact, co- 
valently bound. In support of this suggestion, other 
halogenated hydrocarbons, such as carbon tetrachloride 
(13) and bromobenzene (14), do form covalent bonds 
with endogenous substances. Therefore, the binding 
character of halothane-l-14C in ~ l p o  in mice was in- 
vestigated. 


EXPERIMENTAL 
Da6age and Tslgue Rcparption-Femak Swiss Webster albino 


mice1 (28-30 g.) were fasted for 24 hr., and 0.5 mg. of hdothme-l- 
*C in saline', containing 4 pc. of radioactivity was administend 
by intraperitoneal injection. Twenty-four hours ktu, the mice were 
sacrificed. the livers were perfused with cold 0.25 M sucrose, and 
both the liven and brains were removed and placed in iee-cold 0.25 
M sucrose. Ten percent homogenates of these organs were prepartd 
in cold 0.25 M sucrose, using a Potter-Elvehiem tissue grindas. 
An aliquot of these homogenates was removed for analysis of bound 
radioactivity and protein, and the remainder was centrifuged at 
9000xg(average) in a refrigerated centrifuge4 for 20 min. The pelkt 
was removed for analysis, and the supanate was recentrifuged at 


~~ ~ ~~ 


1 Flow Research Laboratorieq Dublin, Va. * New En and Nuclear, Boston. Mass. 
8 No. 62&, VWR Scientific Co.. Baltimore, Md. 
4 Model HR-I, International Equipment Co.. Boston, Mau. 
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Table I--Effect of Trichloroacetic Acid W p i t a t i o n  and 
24-hr. Soxhlet Extraction with Methanokknzene (1:l) 
on the Radioactivity Found in the Livers and Brains of Mice 
Pretreated with Halothane-1-W (0.5 mg.) 24 hr. before Sacrifice 


120 


0100 
5 
W x 8 0 -  


$ 6 0 -  


I- 
3 


K 
W 


40 
z 
2 
t 20 
E 10 


g 10 


W 
I- 
I 


20 


30. 


Trichloroacetic 
Acid Precipitate, 


Percent Total 
Organ 


Disintegrations 
per Minute 
Remaining, 


Organ Mean f SEa 


- 


- 


- - 
- - 


Live+ 25.3 f 1.6 


Brainb 3.4 f 0.4  


Extracted 
Protein, Percent 
Total Organ 


Disintegrations 
Liver- per Minute Liver- 
Brain Remaining, Brain 
Ratio Mean f SEa Ratio 


13.1 f 0.7 
7.4 21.8 


0 .6  i 0.04 


a Standard error of the mean. b n = 6. 


78,480Xg (average) in an ultracentrifuge' for 160 min. to prepare 
microsoma and cytosol, which were also analyzed for bound radio- 
activity and protein. 


Exhaustive Malysis-The livers and brains from six mice were 
combined and separated into the fractions as previously described. 
Each fraction was dialyzed in a visking tubings against 4OOO volumes 
of 0.01 M phosphate buffer (pH 7.2), which flowed continuously 
for 18 hr. at 4'7. Protein and radioactivity contents were determined 
both before and after dialysis. Protein was determined using the 
Lowry et al. (15) method with bovine serum albumin as the stan- 
dard. The radioactivity was measured in a liquid scintillation spec- 
trometer', and disintegrations per minute were calculated using 
toluene-"C as an internal standard. 


Washing, Extraction, and Centrifugation-The 9000X~ pellet 
and microsomal fractions were separated from the 9oooXg super- 
nate and cytosol, respectively, resuspended three times in an equiv- 
alent volume of cold 0.25 M sucrose, and recentrifuged to remove 
residual water-soluble radioactivity. The washed 9OOOXg and 
rnicrosomal pellets were then suspended in 10 times their volume 
of toluene, shaken manually, and recentrifuged to extract soluble 
nonpolar radioactivity. 


Soxhlet Extraction-Protein was precipitated by the addition 
of an equal volume of 1 M trichloroacetic acid to a homogenate 
and removed by centrifugation at 2000 r.p.m. for 10 min. in a re- 
frigerated centrifugeo. The denatured protein was washed three 
times with an aqueous 5x trichloroacetic acid solution and re- 
centrifuged. An aliquot of the washed protein precipitate was 
taken for the determination of bound radioactivity. The remaining 
protein precipitate was placed in a thimble and extracted with 
methanol-benzene (1 :1) for 24 hr.10 in a microsoxhlet apparatusll. 
The final extracted protein was solubilizedl* and then analyzed 
for radioactivity. 


RESULTS AND DISCUSSION 


If halothane or a metabolite binds covalently with a hepatic 
macromolecule in oiuo, then a portion of the liver radioactivity 
would not be dialyzable. To test this hypothesis, halothane-1-14C 
was administered to mice. Then the brains and livers were removed, 
homogenized, fractionated, and subjected to exhaustive dialysis. 
The amount of nondialyzable radioactivity was determined. The 
results of this experiment (Figs. 1 and 2) indicate that a significant 


' Model L-2, Rotor 30, Beckman Instruments, Palo Alto, Calif. 
'Dialysis for 24 additional hr. did not si nificantly reduce the 


amount of nondialyzable radioactivity. so this techsue was considered 
to be exhaustive. 
111. Thc scintillation cocktail consisted of 2,S-di henyloxazole, 0.55 2 
wlv; 1.4-bis[2-(5-phenyloxazolyl)]~n~ne, 0.01 8 w/v; Triton X-100, 
25 Z vlv; and toluene, 1 5  7 vlv. 


lo These parameters were initially examined using various solvent 
systems (methanol. methanol-benzene (1 : I ) ,  or benzene) for 6, 12, 24, 
or 48 hr. 


I '  VWR Scientific Co.. Baltimore, Md. 
l' Using hyamine hydroxide, Packard Instrument Co., Downers 


Grove, 111. 


No. 077-024. W. H. Cy.rtin k Co.,.Rockville. Md. 


Tri-Carb model 3003, Packard Instrument Co., Downers Grov 


Model PR-2, International Equipment Co.. Boston, Mass. 
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ENATE NATE 


Figure 1-Relationship between dialyzable and nondialyzable radio- 
actiuity in liner and brain subcellular fractions pooled from six mice 
pretreated with 0.5 mg. of halothane-I-14C 24 hr. before sacrifice. 
(Numbers represent percentage of inirial radioactiuity that was di- 
alyzable.) 


amount of nondialyzable radioactivity remains after 24 hr. in all 
liver fractions. Trifluoroacetate, a known metabolite of halothane 
(16, 17) probably constitutes most of the dialyzable fraction. The 
distribution of halothane-1- Wderived radioactivity in the liver 
was shown to predominate in the microsomal fraction, which had 
the highest amount of protein-associated counts. These results 
show that binding occurs in the liver, the location of halothane 
metabolism (18), and suggest that a metabolite, possibly formed 
in the endoplasmic reticulum, is the moiety bound. 


It is possible that either nonpolar halothane or a lipid-soluble 
metabolite is not removed by exhaustive dialysis against phosphate 
buffer. To test this alternative, the microsomal fraction was washed 
three times with 0.25 M sucrose and extracted with 10 volumes of 
toluene to remove lipid. This procedure removed 60% of the radio- 
activity from the microsomes, while only 31% was removed by 
dialysis. These results suggest that while halothane or a metabolite 
may be sequestered in lipid, at least 4Ox is bound to other tissue 
components. The data would also support the'possibility that a 
portion of the radioactivity was not dialyzable against an aqueous 
buffer, because it was unmetabolized halothane. However, this is 
unlikely since dialysis did remove virtually all of the radioactivity 
from the brain, where small amounts of unchanged halothane 
would also be expected to reside under the conditions of the ex- 
periment. A more likely explanation is that part of the binding 
occurs on lipoprotein which. while not dialyzable, is nevertheless 
soluble in toluene. 


To measure only protein-bound radioactivity, the. liver and 
brain liomogenates were treated with trichloroacetic acid followed by 
exhaustive extraction with solvent. Reliminary results of this tri- 
chloroacetic acid-soxhlet method showed that maximal extraction 
of radioactivity occurred at 24 hr.. using a solvent system of qd 
amounts of methanol and benzene. Therefore, these conditions 
were used in all extractions. The results (Table I) show that 25.3x 
of the liver and 3.4x of the brain initial radioactivity were pre- 
cipitated by trichloroacetic acid. The soxhlet technique extracted 
an additional 12.2% from the trichloroacetic acid precipitate of 
liver, leaving 13.1% of the initial radioactivity as tightly bound 
material. In contrast, soxhlet extraction of trichloroacetic acid 
precipitates from brain removed virtually all of the radioactivity 
in this tissue. The liver-to-brain ratio of radioactivity remaining 
after trichloroacetic acid precipitation increased from 7.4 to 21.8 
after soxhlet extraction. This 22-fold higher amount of nonextract- 
able radioactivity in the liver relative to the brain demonstrates 
that factors other than the initial concentration of halothane in a 
tissue determine the extent of binding. 
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Figure 2-Efect of dialysis on the specific actioity (disintegrationsper 
minute per milligram protein) of pooled liwr and brain subcellular 
fractions from six mice pretreated with 0.5 mg. of halothane-I-14C 
24 hr. before sacrifice. 


Since exhaustive dialysis ahd centrifugal washing do not dis- 
tinguish between reversible and irreversible binding, the method of 
solvent (soxhlet) extraction was employed. A similar technique has 
been used to demonstrate the covalent binding of bromobenzene 
in the liver (14). The trichloroacetic acid-soxhlet method extracted 
more halothane-derived radioactivity from whole homogenates of 
liver than either dialysis or washing, indicating that some of the 
radioactivity remaining after the use of the latter methods was 
possibly due to reversibly bound metabolites or that the labeled 
material may have been covalently bomd to lipoprotein. Although 
trichloroacetic acid precipitation and solvent extraction will re- 
move all of the radioactivity except that which is very tightly bound, 
it in itself does not constitute a completely rigorous proof of cova- 
lent binding. Therefore, protein digestion and the identification of 
amino acid-bound activity are currently being investigated. 


If one proposes a hapten-antigen model for the hepatotoxicity of 
halothane, then the initial component of this hypothesis would re- 
quire the covalent attachment of a small molecular weight moiety 
to some endogenous macromolecule. The altered molecule thus 
produced could elicit a delayed hypersensitivity oia sensitized lym 
phocytes. The appearance of high levels of bound radioactivity in 
the membraneous fractions of the liver (i.e., 9OOOXg pellet and 
microsomes) and the association of irreversibly and probably co- 
valently bound radioactivity with protein in the whole liver ho- 
mogenates subjected to soxhlet extraction are consistent with this 
suggestion that the altered macromolecule is a membrane protein. 
Furthermore, the protein-bound radioactivity found in the cytosol 
of the liver could possibly be the basis for transferral of antigenic 
material to sites of antibody formation. 


From the results of other investigators (9,10,12,17,18), it would 
appear that halothane undergoes similar metabolic pathways in 
humans, mice, and rats. The finding of covalently bound radio- 


activity in hepatic tissue is consistent with the sensitivity theory 
and would also explain the 16w incidence of halothane-induced 
hepatitis in humans and the relative failure of investigators to re- 
produce hepatic injury in animals. Variability in both the immune 
logic and metabolic responses between and among various species 
may further explain these findings, and it is also possible that the 
binding phenomenon itself may be highly variable. 
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local continuous phase, and (b) the extent to which the internal 
phase acts as a pathway for transport of the solute. The theoretical 
procedure permits the calculation of the influences of the inter- 
facial barrier permeability coefficient, the particle size, the volume 
fractions of the phases, and the partition coefficients in the phases 
upon the solute transport rates through the heterogeneous media. 


APPENDIX : NUMERICAL COMPUTATION PROCEDURE 


The flow diagram of the calculating procedure is briefly shown in 
Scheme I. After t = 0, a series of calculation procedures undergo 


$6 of initial E d i t i o n  
T - 0  IA = CONCNl 


Scheme I-Flow diagram for computation of concentratioit distri- 
butions 


successive approximation for each time increment, At. On the cal- 
culation of c b ,  Ct(%),  C,(,), and then C0(%) at f = At, the first approxi- 
mation of ACb is obtained from Eq. I ,  assuming ( C o s ) f = A :  = (Cat)t-~. 
Then under the assumption of both Co(t) and Ca(,+l) = 0, the first 
approximation of is calculated by Eqs. 4,6, and 8, respectively, 
and then Cf( , )  at t = Ar is assumed Act ( , )  for 0 < t 4 At. Next, 
by assuming AC,,,) = 0, A c t ( , )  = ACa(,)  according to Eq. 3 and 
then Ca(,) is also assurned 0.5 X AC,,,) for 0 < t 4 At. Accord- 
ingly, AC0(%) is calculated by Eqs. 5, 7, and 9, respectively, under the 
assumption of C,(,) = 0, and then C,(,) is assumed 0.5 X ACo(,) 
for 0 < t S At. The second approximations of c,,, cb, C f ( , ) ,  C.(,), 
and Co(%) are calculated by using the first approximations succes- 
sively. These procedures are repeated until respective values con- 
verge. The calculation of the next step (added At) starts from the 
values of one step before in the same manner mentioned above. 
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A New Tablet Disintegrating Agent: 
Cross-Linked Polyvinylpyrrolidone 


SAUL S. KORNBLUM’ and SAMUEL B. STOOPAK 


Abstract 0 Cross-linked polyvinylpyrrolidone was studied for 
its disintegration property in comparison to starch USP and 
alginic acid. Certain physical parameters of the disintegrants 
(maximum moisture sorption, hydration capacity, bulk density, and 
specific surface area) were determined for the purpose of differ- 
entiating their relative efficiency. A linear relationship was found 
to exist when the maximum moisture sorption was plotted versus 
the specific surface area for each disintegrant. It was postulated 
that capillary activity of the cross-linked polyvinylpyrrolidone for 
water appears responsible for its tablet disintegration property. 
Cross-linked polyvinylpyrrolidone demonstrated superiority over 
starch USP and alginic acid in most of the experimental tablet 


formulations made by either dry or wet granulation. A quinaz- 
olinone compound was formulated into tablets employing each 
disintegrant to provide identical disintegration times, and these 
tablets were submitted to dissolution rate analysis. The dissolution 
results showed some differences for those made by direct compres- 
sion hut no variation for wet granulated tablets. 
Keyphrases 0 Polyvinylpyrrolidone, cross linked-valuated as 
tablet disintegrant, compared to starch USP and alginic acid 
Tablet disintegrants-cross-linked polyvinylpyrrolidone evaluated, 
compared to starch USP and alginic acid 0 Disintegration proy- 
erties-cross-linked polyvinylpyrrolidone, compared to starch 
USP and alginic acid 


Today’s emphasis on the availability of drugs high- 
lights the importance of the relatively rapid disintegra- 
tion of a tablet as a criterion for ensuring uninhibited 
drug dissolution behavior (1-3). Only a few acceptable 
tablet disintegrating agents are available to the research 
pharmacist. The starches (corn, potato, wheat, rice, 


and arrowroot) have been extensively studied (4-7) as 
to their varying properties as disintegrants (8). The 
mechanism of action of the starches is still undergoing 
study, although at one point it was wrongly felt that 
grain swelling was responsible (7). Experiments with 
compressed starch, both dry and wetted, observed with 
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a scanning electron microscope resulted in this con- 
clusion. 


The purpose of the current research was to  evaluate 
cross-linked polyvinylpyrrolidone as a disintegrant in 
comparison with starch (i.e., corn starch) and alginic 
acid. Alginic acid possesses good disintegrating prop- 
erties at reasonably low concentrations and provides 
other desirable physical characteristics to the tablet 
structure. Certain physical parameters of the disin- 
tegrants were evaluated to obtain an insight as to their 
potential disintegrating efficiency. Tablets prepared by 
dry and wet granulations using a poorly water-soluble 
drug contained sufficient quantities of each disintegrant 
to give identical disintegration times. The effects of 
the various disintegrating agents were then evaluated 
utilizing dissolution studies as a measure of in uitro 
availability. 


EXPERIMENTAL 


Materials-Three substances were studied for their comparative 
tablet disintegrating property: starch, alginic acid', and cross- 
linked polyvinylpyrrolidone2. Starch USP was used, and the alginic 
acid and cross-linked polyvinylpyrrolidone were accepted on the 
basis of manufacturer's specifications. The same lot of disintegrants 
and excipients were utilized for all experimental trials. 


All other tablet excipients were USP or N F  grade. The drug 
substances used in the preparation of the various tablet formulations 
were: l-isopropyl-7-methyl-4-phenylquinazolin-2(1H)-one3, bu- 
talbital, and 6-(6,10-dihydroxyundecyl)-~-resorcylic acid p-lac- 
tone4. 


Selection of a Tablet Disintegration Agent-Starch and alginic 
acid have been well accepted as disintegrating agents and are used 
extensively in tablet formulations. Cross-linked polyvinylpyrroli- 
done was submitted to testing to justify its ranking with the other 
disintegrants available to the research pharmacist. The criteria by 
which the authors selected this new disintegrant stemmed from the 
ability of cross-linked polyvinylpyrrolidone to sorb a large quantity 
of moisture under isothermal, constant relative humidity conditions. 
Cross-linked polyvinylpyrrolidone is a white, free Rowing, high 
molecular weight, cross-linked polymer of vinylpyrrolidone formed 
under the influence of a special catalytic environment. Cross-linked 
polyvinylpyrrolidone is highly insoluble in water, strong mineral 
acids, and alkali, so consequently there is a lack of information 
relating to its molecular weight. Its main commercial use, thus far, 
has been as a filtering aid for the wine and vinegar industries. 


Determination of Maximum Moisture Sorption of Disintegrants- 
Ten grams of starch, alginic acid, or cross-linked polyvinylpyr- 
rolidone was accurately weighed and evenly distributed over the 
surface of an 89-mm. tared petri dish. The sample was then placed in 
a large desiccator containing distilled water in its reservoir. The 
desiccator was then stored in a laboratory oven and the temperature 
was maintained constant at  37 z!= 0.5". At various time intervals, the 
weight gained by the exposed samples was recorded and the amount 
of water sorbed was calculated from the weight difference. 


Determination of Hydration Capacity of Disintegrants-The 
procedure utilized (9) was developed for materials that do not 
contain appreciable (over 25 %) water-soluble constituents. A 2-g. 
sample of disintegrant was placed into a 100-ml. centrifuge tube 
tared with stopper. Forty milliliters of water (pH 6-7) was added, 
and the tube was stoppered and shaken vigorously to  suspend the 
sample thoroughly. The suspension was allowed to stand for 10 
min. During this time, it was mixed by inverting three times at  the 
end of 5 and 10 min. Tlie stopper was then removed and the tube was 
centrifuged for 15 min. at 1OOOXg. The centrifuge was allowed to 
stop without braking. The supernate was carefully decanted and the 
tube was inverted to allow draining. The tube was then restoppered 


and the contents were weighed. The hydration capacity was calcu- 
lated in the following manner: 


hydration capacity = 


(Eq. 1) 
(weight of tube + sediment) - (weight of tube) 


sample weight (dry basis) 


Determination of Specific Surface Area of Disintegrants-In an 
attempt to establish the relationship that existed between the 
maximum moisture sorbed by the disintegrants and their specific 
surface area, the Brunauer, Emmett, and Teller (B.E.T.) technique6 
was performed. 


The B.E.T. method involved low-temperature nitrogen adsorp- 
tion by the powder sample. Samples were pretreated by evacuation 
at  0.001 mm. Hg under elevated temperature to outgas any adsorbed 
gases from the solid surface. The surface area analysis involved 
incremental gas volume adsorption measurements, which were made 
by accurately determining the equilibrium pressure following the 
introduction of gas quantities into the system. 


Determination of Bulk Density of Disintegrants-The procedure 
utilized (10) is often referred t o  as the cylinder-drop technique. 
An accurately weighed sample of each disintegrant, of about 50-ml. 
volume, was introduced into a 100-ml. graduated cylinder. The 
cylinder was dropped onto a hard wood surface six times from a 
height of 2.54 cm. (1 in.) a t  2-sec. intervals. The bulk density was 
then calculated by dividing the weight of the sample (grams) by the 
final tapped volume (milliliters) of the sample contained in the 
cylinder. 


Direct Compression and Wet Granulation Tablet Formulation- 
Various tablet formulations exemplifying both direct compression 
and wet granulation techniques were selected to compare the 
disintegration property of the three disintegrants under investiga- 
tion. The material compositions of these tablets are presented in 
Table I, with the categorizing of each tablet type into six series. 
Three drugs of varying water solubility were chosen for this segment 
of the experiments. In Series 1-6, wherever the concentration of 
disintegrant was varied, lactose powder was substituted to maintain 
the same total tablet weight. 


Direct Compression Tablet Preparation for Disintegration Time 
Studies-The required amounts of drug, tablet diluent, and dis- 
integrant were accurately weighed and passed through a No. 20- 
mesh U. S. Standard sieve. The materials were then transferred to a 
twin-shell blenders and tumbled for 10 min. The required amount of 
lubricant was accurately weighed, passed through a No. 60-mesh 
U. S. Standard sieve, and added to the blender. The materials were 
tumbled for an additional 5 min. The materials were then com- 
pressed into tablets of the appropriateweight and hardness, utilizing 
a single-punch tablet press' equipped with selected size tablet 
punches. 


Wet Granulation Tablet Preparation for Disintegration Time 
~ Studies-The required amounts of drug, tablet diluent, disintegrant, 


and lubricant were accurately weighed and passed through a No. 20- 
mesh U. S. Standard sieve. The materials were then transferred to  a 
twin-shell blender, equipped with an intensifier bar6, and mixed for 
5 min. The required amount of tablet binder (polyvinylpyrrolidone) 
was accurately weighed and dissolved in a suitable quantity of equal 
volumes of granulating solvents. This solution was added to the 
blender through the intensifier bar, and mixing was continued for 5 
min. after the addition of the granulating solution. The wet granula- 
tion was placed on a paper-lined tray in an oven at  40" and dried 
to 1-3% moisture. The dry granulation was passed through a No. 
18-mesh U. S. Standard sieve and compressed into tablets of the 
appropriate weight and hardness, utilizing a single-punch tablet 
press equipped with selected size tablet punches. 


Tablet Preparation for Dissolution Rate ' Studies-Granulations 
were prepared utilizing both the direct compression and wet 
granulation techniques previously outlined. Tablets were prepared 
by compression in a hydraulic press8 equipped with a gauge measur- 
ing forces from 0 to 909 kg. (0 to Zoo0 Ib.) and calibrated in 22.7-kg. 
(50-lb.) increments. A special holder held the bottom punch and die 
in a fixed position during compression. The required amount of 


1 Kelacid, Kelco Corp., San Diego, Calif. 
* Polyclar AT, GAF Corp., Ncw York, N. Y .  
3 Chcmical Development Dept., SandoL-Wander, Inc., East Hanover, 
4 Commercial Solvents Corp., New York, N. Y. 


N. J. 


6 Model 400 surface-area analyzer, Micromeritics Instrument corp., 


6 Patterson-Kelley, Inc.. East Stroudsburg, Pa. 
7 Model E, Stokes Equipment Corp., Warminster. Pa. 
8 Model C, Fred S. Carver, Inc.. Summit, N. J.  


Norcross, Ga. 
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Table I-Tablet Composition Used to Compare Disintegration Property for Cross-Linked Polyvinylpyrrolidone, 
Alginic Acid, and Starch 


Quantity per Tablet, mg. 


Series 1 (water-insoluble drug) A B C 
Resorcylic acid compound 100.0 100.0 100.0 
Lactose powder 65.4 65.4 65.4 
Cross-linked polyvinylpyrrolidone 3.6(2%) Starch - 
Alginic acid - - 
Polyvinylpyrrolidone 10.0 10.0 10.0 
Magnesium stearate 1 .o 1 .o 1 .o 


- - 
- 3.6 (2%) 
3.6(2.m 


Total tablet weight 180 180 180 


S.D. No. 30 alcohol 
Purified water 
Wet granulation tablets: 9-mm. deep 
concavity, 4-6 SCH= 


Granulating solvents 


Series 2 (moderately water-soluble drug) 
Butalbital acid 
Lactose, spray dried 
Cross-linked polyvinylpyrrolidone 
Starch 
Alginic acid 
Magnesium stearate 


Direct compression tablet: 7-mm. 
standard concavity, 5-7 SCH 


Lactose, spray dried 
Calcium sulfate, dihydrate 
Cross-linked polyvinylpyrrolidone 
Starch 
Alginic acid 
Stearic acid 
Magnesium stearate 


Direct compression tablets: 8-mm. 
standard concavity, 11-13 SCH 


Series 4 (gastric fluid-soluble drug) 
Quinazolinone compound 
Lactose, spray dried 
Cross-linked polyvinylpyrrolidone 
Alginic acid 
Starch 
Magnesium stearate 


Direct compression tablets: 9-mm. 
flat-face, beveled-edge concavity, 


Total tablet weight 


Series 3 (placebo) 


Total tablet weight 


Total tablet weight 


9-11 SCH 


Series 5 (gastric fluid-soluble drug) 
Quinazolinone compound 
Lactose, spray dried 
Cross-linked polyvinylpyrrolidone 
Alginic acid 
Starch 
Stearic acid 


Direct compression tablets: 9-mm. 
flat-face, beveled-edge, 4-5 SCH 


Total tablet weight 


Series 6 (gastric fluid-soluble drug) 
Quinazolinone compound 
Lactose powder 
Cross-linked polyvinylpyrrolidone 
Alginic acid 
Starch 
Polyvinylpyrrolidone 
Stearic acid 


Total tablet weight 
Granulating solvents 


S.D. No. 30 alcohol 
Purified water 
Wet granulation tablets: 9-mm. 
flat-face, beveled-edge concavity, 
4-5 SCH 


K 
75.0 


134.4 
6.6(3%) 
- 
4.0  


220.0 


N 
25.0 


184.0 
6.6 (3%) 


4.4 
220.0 


- 
- 


Q 
25.0 


185.5 
1.1 (0.5x) 


4.0 
4 .4  


220.0 


- 
- 


.1 
300 


L 
75.0 


134.4 - 
6.6(3%) 


4.0 
220.0 


- 


0 
25.0 


177.4 


13.2(673 
- 
- 
4.4 


220.0 


R 
25.0 


182.2 - 
4.4 (2% 


4.0 
4.4 


220.0 


- 


G 
50 
62 - 


; ( 5 % )  


120 


J 


200 
83 


15 ( 5 % )  
1 
1 


300 


M 
75.0 


134.4 


6.6 (3%) 
4.0 


220.0 


P 
25.0 


102.6 


88.0 (40%) 
4.4 


220.0 


S 
25.0 


120.6 


66.0 (30%) 
4 .0  
4.4 


220.0 


D 
100.0 
49.0 - 
2 0 . 0 ( 1 1 ~ )  


10.0 
1 .o 


- 


1 80 


~ ~~ ~~ 


SCH, Strong-Cobb hardness, was determined with a Heberlein hydraulic drive tablet hardness tester. 
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Table 11-Pertinent Physical Parameters" for Evaluating Relative 
Disintegrant Efficiency 


~~~ ~ 


-Tablet Disintegrant- 
Cross- 
Linked 
Poly- 
vinyl- 


pyrrol- Alginic 
Physical Property idone Acid Starch 


Bulk density, g./ml. 0 .26  0.68 0 .63  
Specific surface area, m. 2/g. 1.03 0.75 0.59 
Maximum moisture sorption, w/w 58.5 33 .2  19.8 
Hydration capacity 5 . 6  7 . 0  1 .8  


= Each determination is an average of four individual experiments. 
- 


material to make a tablet was weighed and transferred into the die 
cavity. The top punch was then gently inserted into the die cavity, 
and the granulation was compressed to  a predetermined force. 


The tablet thickness for each tablet was measured using a microm- 
eter with vernier. Each tablet employed in the dissolution studies 
had to adhere to a tolerance of 0.02 mm. This physical measurement 
assured compliance of each tablet to a similar disintegration time for 
consecutive tablets. 


The slow compression method was useful in controlling repro- 
ducibility of the physical character of each tablet. However, it 
provided substantially different stresses than those normally ob- 
tained with a high speed rotary tablet machine. Therefore, tablets 
prepared under production conditions may differ considerably from 
the test results. 


Disintegration Test for Tablets Prepared to Evaluate Disintegrants 
-The USP XVlII (11) test procedure for uncoated tablets was 
utilized and modified to the extent that no disks were employed. 


Friability Test for Tablets Prepared to Evaluate Disintegrants- 
The friability of all tablets studied was determined in a test ap- 
paratus consisting of a 27-cm. diameter, Plexiglas hollow chamber, 6 
cm. in width. A curved arm in the chamber extends from a point on 
the circumference to slightly above the center of the apparatus. The 
apparatus is rotated at  25 r.p.ni. by use of a shaft and motor at  its 
center. The tablets were dropped a distance of 14 cm. from the arm 
at each rotation. 


Twenty previously weighed tablets were placed in the apparatus, 
and the apparatus was then rotated for 4 min. to subject the tablets 
to 1 0  drops. The tablets were then weighed and the weight loss was 
calculated in terms of "percent friability." 


Dissolution Rate Analysis of Tablets-The apparatus utilized is 
described in USP XVllI  (13). A volume of 900 ml. of aqueous 
hydrochloric acid (pH 1.2, 37 i 0.5") was used as the dissolution 
medium, and a stirring speed of 50 r.p.m. was maintained. 


Dissolution of the drug from the tablets was conducted through a 
30-min. interval, where at  least three half-lives were encompassed. 
Apparent sink conditions were adhered to in this study, as calcu- 
lated by the solubility of the pure drug at  37" and pH 1.2. 


The analytical details for following dissolution involved the 
withdrawal of 10-ml. aliquots at  specified time intervals using a 
pipet with a filter tip. Then 10 ml. of aqueous pH 1.2 fluid was added 
to the beaker to replace the withdrawn volume. The aliquot was 
diluted to 20 ml. with aqueous pH 1.2 fluid. The absorption of the 
diluted solution was measured on a recording spectrophotometero 
over the UV spectrum, and the maximum absorbance at  232 nm. 
was used to calculate the concentration of the quinazolinone com- 
pound. A correction factor was calculated for each sequential 
sampling as a result of the amount of dissolved drug removed for 
each sampling. 


RESULTS AND DISCUSSION 


Physical Parameters Employed for Evaluation of Disintegrants- 
Certain physical parameters were determined for the three materials 
studied in an attempt to predict their relative efficiency as tablet 
disintegrants (Table 11). In comparing the various properties of 
cross-linked polyvinylpyrrolidone with the other two disintegrants, 
the most obvious large difference exists for the maximum moisture 
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Figure 1- Moisiure sorption proJile for the rhree disintegrants 
eouluuted at 47 mm. aqueous tension and exposed to 37". Key:  0, 
cross-linkedpolyoinylpyrrolidone; A, alginic acid; and D,  starch. 


sorption. Figure 1 shows this parameter to be significantly greater 
for cross-linked polyvinylpyrrolidone than for either of the other 
compounds studied, resulting in the sorption of more than 5Oz of 
its own weight of water. This magnitude of difference between cross- 
linked polyvinylpyrrolidone and alginic acid is quite significant; 
however, the hydration capacity wherein water actually wets the 
material reveals about the same liquid-solid interactions or swelling 
power. Both parameters suggest that starch has substantially lower 
efficiency, in keeping with its poor action as a disintegrant in low 
concentrations. The lower bulk density of cross-linked polyvinyl- 
pyrrolidone acts as a positive factor for more adequate distribution 
within a tablet matrix. 


The large specific surface area observed for cross-linked poly- 
vinylpyrrolidone confirms the authors' theory that the greater 
capacity for water sorption under the conditions utilized in conduct- 
ing the maximum moisture sorption experiments is a surface-related 
phenomenon. Figure 2 depicts the linear relationship existing be- 
tween maximum moisture sorption and specific surface area for the 
three disintegrants. Under the normal environmental conditions to 
which the cross-linked polyvinylpyrrolidone and its tablets were 
exposed during storage, moisture sorption was determined to be 
negligible. 


The four physical parameters discussed may possibly predict the 
relative usefulness and efficiency of new materials as disintegrants. 
The major emphasis apparently must be placed upon maximum 
moisture sorption and hydration capacity. Starch may be employed 
to establish a baseline for comparison of these properties with a new 
material. 


Mechanism of Action Postulated for Disintegrants-Researchers 
have reported that starch's mechanism of action as a disintegrant 
involves only a limited amount of swelling of the grains (7) and that 
pores and porosity (12) of the tablet generally could not be cor- 
related with disintegration times. Therefore, these phenomena are 
not the major mechanisms by which starch brings about tablet 
disintegration. 


The authors believe that the mechanism of action of cross-linked 
polyvinylpyrrolidone depends greatly upon capillary effect in the 
presence of water. illlaximum moisture sorption results obtained for 
cross-linked polyvinylpyrrolidone, alginic acid, and starch strongly 
suggest that the affinity of water for the disintegrant would permit 
distinction between their relative efficiencies. Hydration capacity 
would also support the thesis proposed inasmuch as it is related to 
swelling capacity. Cross-linked polyvinylpyrrolidone demonstrated 
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Figure 2-Relationship o f  the muximum moisture sorpt>on versus 
the specific surface area for the three disintegrants. Key: U, cross- 
linkedpolyvinylpyrrolidone; A, alginic acid; and 0, sturch. 


sinular behavior when compared with alginic acid. Since the data in 
Table 111 show cross-linked polyvinylpyrrolidone to be a superior 
disintegrant to alginic acid, swelling does not, in itself, appear to be 
the major mechanism of action. 


The specific surface area results correlate well with the ranking of 
maximum moisture sorption for each disintegrant. The greater the 
surface area of the disintegrant, the more numerous are the sites for 
capillary attraction of water to its surface. The bulk density and 
maximum moisture sorption differences for cross-linked poly- 
vinylpyrrolidone and alginic acid very possibly predict the differ- 
ences that were observed for their relative disintegrant efficiency 
(discussed in the next section). 


The mechanism of action of disintegrants is very complex and 
cannot be readily simplified into one or more categories. While 
it seems apparent that cross-linked polyvinylpyrrolidone acts 
through capillary activity with a secondary swelling effect, i t  is 
difficult to provide a conclusive statement as to the overall mecha- 
nism of action. 


Relative EfRciency of Disintegrants in Various Tablet Formula- 
tions-The ultimate manner in which disintegrants can be properly 
evaluated is to prepare tablets for evaluation. Tablet formulations of 
various excipient composition and method of manufacture were 
employed to evaluate the relative efficiency of cross-linked poly- 
vinylpyrrolidone, alginic acid, and starch as disintegrants. The 
tablet formulations manufactured for each series maintained the 
same physical parameters as shown in Table 111 for Series 1-4. The 
quantity of disintegrant was kept the same within each series for the 
purpose of material comparison. The disintegrant concentrations 
used were deliberately selected to illustrate the superiority of cross- 
linked polyvinylpyrrolidone. In all instances, this resulted in lower 
concentrations of starch than are normally employed. 


Table 111 summarizes the disintegration time and friability as 
determined for all of the tablets studied. The outstanding difference 
between cross-linked polyvinylpyrrolidone and the other two dis- 
integrants is its ability to bring about rapid disintegration with 
relatively low concentrations. 


Cross-linked polyvinylpyrrolidone performed better than alginic 
acid and starch as a disintegrant in Series 1, 2, and 4. Each of these 
series contained drug, whereas in Series 3, which showed some 
similarity of disintegration times for cross-linked polyvinylpyr- 
rolidone and alginic acid, no drug was incorporated. 


drug 
which is almost totally water insoluble. These tablets were manu- 
factured by a conventional wet granulation technique employing 
polyvinylpyrrolidone as the binder. Cross-linked polyvinylpyr- 
rolidone was shown to surpass the alginic acid by threefold and the 
starch by 15-fold as a disintegrant. When 11 % starch was employed, 
a reasonable disintegration time of 10 min. resulted; however, this 
resulted in a significant increase in tablet friability. The tablet 
formulation from Series 1, without the addition of a disintegrant, 
resulted in a lack of disintegration after 2 hr. of exposure. An 
important asset of cross-linked polyvinylpyrrolidone, which was 
pointed out during these studies, was that the wet granulation 
technique did not interfere with the desired tablet distintegration 
properties. 


Series 2 shows cross-linked polyvinylpyrrolidone to be superior 
to alginic acid and starch from both a disintegration time and fri- 


Series 1 formulations represent a tablet containing about 55 


Table HI-Disintegration Time and Friability for Various 
Tablet Formulations Containing Cross-Linked 
Polyvinylpyrrolidone, Alginic Acid, and Starch 


Disintegration Friability, 
Time, min.a % 


~ 


Series 1 (water-insoluble drug) 


polyvin ylpyrrolidone) 
Formula A (2% cross-linked 4 0.17 


Formula C (2 % alginic acid) 12 0.17 
Formula D (1 1 starch) 10 0.54 


Formula B (2% starch) 60 0.20 


Series 2 (moderately water- 
soluble drug) 


polyvinylpyrrolidone) 
Formula E (5  % cross-linked 3 0.20 


Formula F ( 5  % starch) >120 0.37 
Formula G (5  z alginic acid) 9 0.30 


Series 3 (placebo) 
Formula H (5 z cross-linked 0.61 0.20 


polyvinylpyrrolidone) 
Formula I ( 5 %  starch) 10 0.34 
Formula J (5  % alginic acid) 0.67 0.16 


Series 4 (gastic fluid-soluble 
drug) 


pol yvin ylpyrrolidone) 
Formula K ( 3  % cross-linked 1 0.46 


Formula L (3 % alginic acid) 3 0.80 
Formula M (3 % starch) 120 2.10 


Q Represents average of six individual tablets. 


ability standpoint. Cross-linked polyvinylpyrrolidone disintegrated 
three times as fast as alginic acid, while with starch the tablet failed 
to disintegrate after 2 hr. of exposure. Cross-linked polyvinyl- 
pyrrolidone has been proven to be directly compressible in pure 
form, and this phenomenon relates to the low percent friability 
exhibited with its tablet formulations. In fact, cross-linked poly- 
vinylpyrrolidone is presently being evaluated in higher concentra- 
tions in tablets as a direct compression binder-diluent-disintegrant. 


Series 3 represents a placebo tablet formulation using 5 %  dis- 
integrant because starch was not operative below this level. The 
lower friability values for cross-linked polyvinylpyrrolidone and 
alginic acid indicate the presence of a tablet-binding property, 
whereas the starch renders a tablet considerably more friable. When 
the starch content was increased to 10% to reduce the disintegration 
time, an unacceptable friability was obtained which is typical for 
this material. 


Series 4 demonstrated that a 3 % level of cross-linked polyvinyl- 
pyrrolidone surpassed both alginic acid and starch in disintegration 
time. Furthermore, the friability was extremly poor for alginic acid 
and starch, whereas cross-linked polyvinylpyrrolidone bordered on 
an acceptable range. Of course, Series 4 tablets contained no auxil- 
iary binder; by increasing the concentration of cross-linked poly- 
vinylpyrrolidone to 5%, the friability was reduced by 65%. The 
same change with the other two disintegrants did not reduce the fri- 
ability satisfactorily. 


The authors have employed cross-linked polyvinylpyrrolidone 
and alginic acid as tablet disintegrating agents in an unconventional 
tablet matrix, and the information will be published at a later date. 
However, it should be noted that 20% cross-linked polyvinylpyr- 
rolidone was necessary to obtain a 4-min. disintegration; when 
alginic acid was substituted at the same concentration, it required 60 
min. to accomplish disintegration. When the alginic acid content was 
increased to 30%, no reduction of disintegration time was demon- 
strated. 


The interesting properties of cross-linked polyvinylpyrrolidone 
stem from its ability at low concentrations (2-5Z) to bring about 
acceptable tablet disintegration as well as its inherent ability to 
function as a tablet binder. The tablets resulting from its use possess 
low percent friability characteristics. 
Effect of Disintegrants on Dissolution Behavior of Tablets-To 


ascertain the overall acceptability of a new disintegrant, it must be 
shown that no interference with the dissolution behavior of the drug 
from the tablet is involved. To investigate this parameter for cross- 
linked polyvinylpyrrolidone, tablets were formulated using the 
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Figure 3-Dissolrrtioii of quinuzolinone compound in 900 ml. aqueous 
solution at p H  1.2 ,from directly compressed tablets of identicol dis- 
integrution time. Key: 0, 3% cross-linked polyr;inylpyrrolidotie; A, 
6% algitiic acid; and 0, 40x starch. Each data point plotted is the 
auerage of four experinwital runs. 


direct compression and wet granulation methods. In this instance, 
cross-linked polyvinylpyrrolidone was again compared to alginic 
acid and starch. This required the formulation of tablets providing 
identical disintegration times so that the only parameter dissimilar 
would be the concentration of disintegrant. 


Series 5 represents the formulation manufactured by direct 
compaction. To obtain meaningful dissolution rate data, unin- 
hibited by disintegration, all of these tablets were formulated to give 
a I-rnin. disintegration; 3 cross-linked polyvinylpyrrolidone, 6% 
alginic acid, and 40 starch were required. Friability of these tablets 
was not performed since the starch formulation would have been 
unsatisfactory. Figure 3 depicts the dissolution rate profile obtained 
with the Series 5 tablets. The cross-linked polyvinylpyrrolidone 
definitely enhanced the dissolution rate for the isoquinazolinone 
tablets; this parameter can be readily compared by studying Table 
IV where t b O y 0 ,  ha, and t g 0 %  values for each disintegrant studied 
are tabulated. The data suggest that the dissolution behavior is not 
solely dependent upon the tablet’s disintegration time but involves a 
more complex phenomenon. Perhaps a surface interaction of the 
disintegrant with the dissolved or undissolved drug resulted in 
influence upon its dissolution behavior. The data indicate incom- 
plete dissolution with the alginic acid and starch tablets for the time 
period studied. 


Figure 4 depicts the dissolution behavior for the tablets manu- 
factured from Series 6 by a wet granulation method. The tablets 
contained 25 mg. of the isoquinazolinone compound and were 
formulated to disintegrate within 2 min. They required the following 
quantities of disintegrant : 0.5 cross-linked polyvinylpyrrolidone, 
2% alginic acid, and 3 0 x  starch. Polyvinylpyrrolidone was em- 
ployed as the binder for Series 6 tablets. The dissolution rate profiles 
for the three disintegrants in this case did not differ significantly. 
The important factor that can be emphasized here results from the 
low quantity (0.5 Z) of cross-linked polyvinylpyrrolidone that 
accomplished this acceptable disintegration time and dissolution 
behavior, even though the tablets were prepared by a wet process. 


The results obtained demonstrate that tablets with the same 
disintegration times do not necessarily imply the attainment of 
similar drug dissolution rate profiles. In the case of Series 5, identical 


Table IV-Dissolution Rateso of a Quinazolinone Compound in 
900 ml. Aqueous Solution at pH 1.2 for Tablets Containing 
Cross-Linked Polyvinylpyrrolidone, Alginic Acid, and Starch 
Prepared by Direct Compression 


Disintegrant 
t5?%, 
mm. 


f 7 ! % ,  
mm. 


tvy&3 
min. 


Cross-linked polyvinyl- 2 .2  3.8 5 
ovrrolidone 


Al’ginic acid 
Starch 


3.4 6.8 11.3 
4 . 5  8 . 5  17.5 


a Each time interval was obtained from Fig. 3. 
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Figure 4-Dissolution of quinazolinone compound in 900 ml. aqueous 
solution at p H  1.2 from wet granulated compressed tablets of identical 
disintegration time. Key: A, 0.5 % cross-linked polyuinylpyrrolidone: 
0, 2% alginic acid: and 0,  30z starch. Each data point plotted is 
the auerage of four experimental runs. 


disintegration times yielded different dissolution rates, while this did 
not occur for Series 6. In any event, both series demonstrated the 
superiority of cross-linked polyvinylpyrrolidone due to the lower 
concentrations needed for rapid disintegration. At no point was 
there an indication of any interaction between drug and cross-linked 
polyvinylpyrrolidone that would result in an inhibition of avail- 
ability. 


SUMMARY 


Cross-linked polyvinylpyrrolidone was found to possess very 
acceptable properties for use as a tablet disintegrant. It appears that 
the parameters of maximum moisture sorption and hydration 
capacity collectively can be employed as a guideline for the selection 
of new materials as potential tablet disintegrants. A concentration of 
from 0.5 to 5 cross-linked polyvinylpyrrolidone was adequate as a 
disintegrant for the tablet formulations screened in this research. 
The apparent binding property exhibited by cross-linked polyvinyl- 
pyrrolidone resulted in low percent tablet friability when it was 
employed as a disintegrant even in low concentrations. The lack of 
effect on drug dissolution behavior by cross-linked polyvinyl- 
pyrrolidone verified that it did not interfere with the dissolution of 
a quinazolinone compound utilized in both the dry and wet granu- 
lated tablets studied. 


Cross-linked polyvinylpyrrolidone may very well find its ultimate 
use in tablet formulations as a binder-disintegrant. Cross-linked 
polyvinylpyrrolidone surpasses, in this usage, microcrystalline 
cellulose since larger quantities of microcrystalline cellulose are 
usually required in combination with spray-dried lactose. Series 3, 
with 5 cross-linked polyvinylpyrrolidone in a placebo tablet, 
demonstrated the excellent properties of both rapid disintegration 
and low percent tablet friability. Cross-linked polyvinylpyrrolidone 
in most of the tablets studied excelled in performance over alginic 
acid. The inert nature of cross-linked polyvinylpyrrolidone justifies 
its use as a tablet disintegrant of choice when an acid, such as 
alginic acid, would interfere with the chemical stability of the 
drug. 
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Effect of Selected Amino Acids on 
Ethanol Toxicity in Rats 


RUDOLPH J. BREGLIA*, CHARLES 0. WARD*., and CHARLES I. JAROWSKIT 


Abstract 0 The effects of L-lysine, L-arginine, L-ornithine, and 
glycine on acute ethanol intoxication, and the degree of ethanol- 
induced CNS depression, were investigated. Amino acid treatment 
was showp to prolong the onset of ataxia, reduce the duration of 
sleeping time, and decrease the number of rats losing the righting 
reflex, but it did not alter the LDsp values in response to ethanol. 
The protective actions of the amino acids are attributed to the 
formation of an amino acid-acetalaehyde complex, although other 
possible interactions are discussed. ’ 


Keyphrases 0 Ethanol toxicity-effect of amino acids, rats 0 
Amino acids-effect on ethanol toxicity, rats 0 CNS depression, 
ethanol in@ced--effect of amino acids, rats 0 Toxicity, ethanol- 
effect of amino acids, rats 


The effect of amino acids on the concentration and 
rate of disappearance of ethaqol from the blood was the 
subject of the investigations of Schiller et al. (1, 2). 
After simultaneous administration of 120 ml. p.0. of eth- 
anol (50% v/v) together yith an amino acid-dextrose 
mixture (protein hydrolysates’), given intravenously to 
chronic alcoholics without hepatic dysfunction or 
nutritional deficiency, ethanol utilization curves showed 
that the amino acid mixture significantly decreased the 
maximum blood ethanol levels obtained and acceler- 
ated the rate of disappearance of ethanol from the 
blood. The activity of the amino acid-dextrose mixture 
was confirmed in an in vitro preparation of rat liver 
slices incubated with ethanol; while the specific amino 
acids responsible for these effects could not be identified, 
these experiments indicated that they contain four 
carbons or less. 


Alanine has been shown to follow the pattern re- 
ported for pyruvate in increasing the disappearance of 
ethanql from the blood (3, 4). This is presumed to be 
the result of transformation of alanine to pyruvate, a 


1 Aqinosol, Abbott Laboratories, Inc., North Chicago, Ill. 


Kreb’s cycle intermediate which is thought to accel- 
erate the disappearance of ethanol by increasing its 
aerobic metabdism (5). 


When glycine or alanine was administered orally 
simultaneously with 15 g. of ethanoI to dogs, the maxi- 
mum concentration of ethanol appearing in the blood 
was lower than the control group (6, 7). The author 
concluded that the disappearance of ethanol must take 
place during absorption (6) and that a stable compound 
of ethanol and the amino acids may be formed to  ac- 
count for the decrease in the concentration of ethanol 
in the blood (7). 


The nature of dietary protein fed to rats which were 
given a constant volume (4.0-6.6 g./kg.) of 40 ethanol 
four times weekly for 16 months was found to  be re- 
lated to the ability to reduce the degree of inebriation 
and the numbers of deaths due to  ethanol toxicity (8). 
In this study, egg protein was the most effective while a 
mixture of peanut meal and soy protein was the least 
effective in reducing the toxic and CNS depressant 
effects of ethanol. It was concluded that the protective 
effects of the dietary proteins were not related to an 
effect on the rate of ethanol absorption or the emptying 
time of the stomach but were due to  differences in 
ethanol utilization once it was absorbed. 


Jarowski and Ward (9) reported that 30 min. of pre- 
treatment with L-tryptophan (165 mg. i.p.) before a 2- 
g./kg. i.p. dose of 95% ethanol in unfasted rats pro- 
duced a significant potentiation of the acute depressant 
effects of ethanol as measured by changes in the LD50, 
sleeping, and immobility times. The fasting essential 
amino acid profile of blood plasma, which has been 
useful in predicting the relative dietary value of pro- 
teins (lo), was determined in that study and served as a 
basis for the use of L-tryptophan supplementation (9). 
In the fasting essential amino acid profile of blood 
plasma, the concentrations of amino acids in the plasma 
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Muscle Relaxant Action of B-Hydroxylamine 
Cinnamonyl Hydroxamic Acid in Isolated Organs 


HORST KEHL 


Abstract 8-Hydroxylamine cinnamonyl hydroxamic acid pro- 
duced muscle relaxation in the guinea pig trachea, the rabbit 
jejunum, and the rabbit atria. This relaxing action was not blocked 
by a- or 8-blocking agents, atropine and diphenhydramine; how- 
ever, it could be antagonized with epinephrine, acetylcholine, and 
histamine. The degree of muscle relaxation was dose dependent 
and expressed itself in decreased force exerted and decreased fre- 
quency of spontaneous contractions. The 8-hydroxylamine cinna- 
monyl hydroxamic acid-induced muscle relaxation could not be 
explained in terms of any known neurohumoral mediator inhibition 
and appears to be direct and attributable to the unique molecular 
structure of the hydroxamic acid itself. 


Keyphrases 0 fi-Hydroxylamine cinnamonyl hydroxamic acid- 
muscle relaxant activity in siru 0 Muscle relaxant activity, in 
siru-hydroxylamine cinnamonyl hydroxamic acid 0 Hydroxamic 
acid, hydroxylamine cinnamonyl-muscle relaxant activity in siru 


j3-Hydroxylamine cinnamonyl hydroxamic acid (I) 
has been studied as an example of the generic group of 
hydroxamic acids. Earlier it was reported (1) that this 
compound showed vasomotor properties and seems to 
be active as a muscle-relaxing agent. The cardiovascular 
properties established the hypotensive action of this 
hydroxamic acid. 


During these studies it also was observed that I was 
able to antagonize physostigmine-induced muscle 
fasciculations of skeletal muscles. Previously, it had 
been concluded that the hypotensive and cardiovascular 
actions of I were a result of interference of energy- 
generating mechanisms and that this property was in- 
herent in the molecular structure of this hydroxamic 
acid (1). 


To examine the muscle-relaxant properties of this 
compound in more detail and to lend support for its 
direct action, it was studied in three isolated organ sys- 
tems. The three organ systems are representative of the 
adrenergic, cholinergic, and histaminergic systems. 


To examine the effect on the adrenergic system, the 
isolated rabbit atria were selected; this tissue also ex- 
emplifies a muscle system with a strong autogenous con- 
tractile drive. The rabbit jejunum served as the model of 
the cholinergic system, a muscle contractile system with 
a moderate autogenous drive. The guinea pig trachea 
served as the representative histaminergic system and 
as a muscle system with a weak autogenous contractile 
drive. 


EXPERIMENTAL 


Adrenergic System-Twenty-three mongrel rabbits of either sex, 
weighing 2-3 kg., were used. Each animal was stunned with a blow 
on the back of the neck and the heart was excised immediately. 
Tbe organ was quickly washed with warm oxygenated Locke solu- 
tion to remove any residual blood. While the heart remained sub- 
merged in h k e  solution, the atria were separated from the ven- 
tricles. The spontaneously beating atria were suspended in warm 
(37.5') oxygenated Locke solution in a bath of 50 ml. Contractions 


were measured with a force-displacement transducer' and recorded 
with a polygraph'. The instrument was calibrated so that a 2cm. 
deflection was equal to 1 g. tension force. The organ was permitted 
to attain equilibrium in the organ bath for 20-40 min., with fre- 
quent washings, before any experimental or control readings were 
taken. 


After equilibrium, the number of beats per minute (frequency) 
was obtained in the. following manner: the number of beats was 
counted for every alternate 6 sec. in a 2-min. period and averaged 
the mean number of beats per minute. This was repeated at least 
three times for each experimental or control event taken. The 
respective means so obtained were then averaged as the mean of the 
means. The Student r test with self-paired analysis was applied for 
statistical evaluation. 


Cholinerglc System-Twenty-one mongrel rabbits of either sex 
were sacrificed in the same manner as already described. A midline 
incision was made, and approximately 5 cm. of jejunum was ex- 
cised 20-25 cm. distal to the pylorus. The gut lumen was gently 
washed with warm (37.5") Tyrode solution to remove all contents. 
Approximately 2.5 cm. of jejunum was suspended in warm Tyrode 
solution saturated with 95z oxygen and 5 %  carbon dioxide in an 
organ bath of the dimensions already described. Contractions were 
measured by the same force transducer and polygraph. The calibra- 
tion was that a 2cm. deflection equaled 1 g. force. The frequency of 
contractions was counted manually and evaluated in the same man- 
ner as described for the atria. The jejunum was equilibrated for 30 
min. in the organ bath, with frequent washings, before any experi- 
mental or control readings were taken. 


Histaminergic System-Twenty-four Hartley short hair guinea 
pigs of either sex were sacrificed in the similar manner as the rab- 
bits. The ventral side of the neck was opened and about 3 cm. of 
trachea was removed. The trachea was washed and cleaned. Spiral 
tracheal strips of 0.5-cm. width and 2.Ocm. length (2) were pre- 
pared and mounted in the organ bath containing warm Tyrode solu- 
tion saturated with 95 carbon dioxide. The organ 
bath used was the same type as already described. The trachea was 
permitted a I5-3O-min. equilibrium period, with frequent washings, 
before any experimental or control readings were taken. Gram-force 
was recorded as described for the rabbit jejunum. No frequency 
measurements were taken. 


AU drugs used were diluted in either Locke or Tyrode solution 
and given in the least volume possible to produce minimal osmotic 
shock to the tissues. The hydroxamic acid was dissolved in either 
Tyrode or Lmke solution without altering the pH of these solutions. 
The concentration of the 8-hydroxylamine cinnamonyl hydroxamic 
acid was 50 mg./ml. for the atria, 10 mg./ml. for the jejunum, and 
2.5 mg./ml. for the trachea, which, in turn, made the bath concentra- 
tions of 1 mg./ml. for the atria, 0.2 mg./ml. for the jejunum, and 
0.05 mg./ml. for the trachea possible. 


Calcium determinations of the organ bath fluid were carried out 
by the method of Sherrick and de la Huerga (3). 


oxygen and 5 


RESULTS 


Ellects of &Hydroxylamlne Cinnamonyl Hydroxamic Acid 
on Spontaneoudy Beating Isolated Rabbit Atria-Alterations of the 
contractile rate of the spontaneously beating rabbit atria were ob- 
served only after relatively high doses of I (0.8-1.0 mg./ml. bath). 
Changes in the contractile force bsome evident at 0.4 mg./ml. bath; 
significant changes were observed at concentrations of 1 mg./ml. 
bath (Figs. 1 and 2). Incremental increases in concentrations of I 
from 0.8 to 2.0 mg./ml. bath produced a log dose linear reduction for 
both frequency and gram-force exerted by the atria (Figs. 1 and 2). 


1 FT03C. Grass. 
2 Grass model 15. 
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Figure 1--Log dose-response plot of beats per minute (frequency) 
of the isdated rabbit atria. A log linear response was obseroed with 
incremerrtal increases of concentrations of I when a least-squares f i t  
was applied for the range of 0.8-2.0 mg./ml. bath. Frequencies were 
recorded as the mean of the means with the standard deviations in- 
dicated. The number of means used for each concentration is in- 
dicated by the number in parentheses. 


Higher concentrations of I produced a state of contracture of the 
atria associated with an increase in tension and a further reduction 
of frequency with no alteration of amplitude. 


To determine the efficacy of I on the force and rate of the atrial 
contractions, the agonists epinephrine and histamine were selected. 
Under control conditions a standard dose of I (1 mg./ml. bath) 
produced an average reduction of the frequency of the contractions 
by 12beats/min., while a simultaneous reduction of an average of 0.48 
gram-force occurred. After stimulating the atria with 0.1 mcg. 
epinephrinelml. bath, the addition of the standard dose produced an 
average reduction of 76 beatslmin. while a t  the same time a 0.79-8. 
average reduction of force occurred. Stimulating the atria with 1 mcg. 
histamine/ml. bath followed with the standard dose of I led to an 
average reduction of 35 beatslmin. and an average reduction of 1.40 
gram-force (Figs. 3 and 4). 


To ascertain if the actions of I were direct and not through re- 
lease or inhibition of mediators, the effects of several blocking agents 
on the response of I were studied. In all cases the efficacy of the block 
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Figure 2 - 4 4  dose-response plot of the gram-force exerted by the 
isolated rabbit atria after incremental concentration increases of 
I .  A log linear response was obtained when a least-squares fit was 
applied for the concentration range of 0.8-2.0 mg.lml. bath. Gram- 
force was recorded as the mean of the means with the standard de- 
viations indicated. The number of means used for each incremental 
increase is indicated by the number in parentheses. 
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FREQUENCV RESPONSE OF ISOLATED RABBIT ATRIA 


Figure 3-Histogram of beats per minute (frequency) of the isdated 
rabbit atria treated with I in the presence of various agonists and 
blocking agents. The shaded bars represent the addition of 1.0 mg. Ilml. 
bath. Frequencies were recorded as the mean of the means with 
the standard error indicated. The number of means evaluated is in- 
dicated by the number in parentheses. The concentrations for the 
agonists and blocking agents were expressed as per milliliter of bath. 
In the histogram the effect of the agonist after the block was omitted 
sitice no significant change of frequency was recorded. 


was tested by challenging the tissue with the appropriate agonist. 
After the addition of 0.2 mcg. dichloroisoproterenol/mL bath, no 
changes in frequency and gram-force from the control values were 
observed. The addition of the standard dose of I in the presence of 
the challenger epinephrine and the &blocking agent in the tissue 
bath now produced an average reduction of frequency of 40 beats/ 
min. and an average reduction of gram-force of 0.53 g. The addition 
of 10 mcg./ml. phenoxybenzamine to  the organ bath resulted in a 
moderate reduction in frequency of the atria with no change in 
gram-force. After verifying the adequacy of the block with norepi- 
nephrine, the standard dose of I produced, in the presence of the block 
and the agonist, an average reduction of 15 beatslmin. and a 0.22- 
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GRAM-FORCE RESPONSES OF ISOLATED RABBIT ATRIA 


Figure 4-Histogram of the reduction of gram-force exerted by the 
isolated rabbit atria. The shaded bars represent I (1.0 mg./ml. bath). 
The gram-force was tabulated as the mean of the means with the 
standard deviation indicated for each bar. The number in parentheses 
represents the means evaluated for this bar. The responses of the 
atrium are shown after agonists and in the presence of blocking 
agents. The effect of agonists after blocking agents was omitted 
since no significant change in response was calculated. 
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Flgure I--lOg-dose response plot of pendulum contractions (fre- 
quency) of the isolated rabbit jejunum. A log linear response was ob- 
served with incremental increases of concentrations of I when a 
least-squares fit was applied for the concentration range of 5.0-50.0 
mcg./ml. bath. Before 5 mcg./ml. bath of the compound, a leoel re- 
sponse was noted; at concentrations greater than 50.0 mcg./ml., a 
ceiling effect was obseraed. Frequencies were recorded as the mean of 
the means with the standard deaiations indicated. The number of 
means used for this concentration is indicated by the number in 
parentheses. 


gram-force reduction. The addition of 0.5 mcg./ml. of atropine to 
the bath produced a moderate reduction in both the frequency and 
gram-force of the atria in comparison to the control values. After 
ascertaining the adequacy of the atropine block with 0.01 mcg. 
acetylcholine/ml. bath, the standard dose of I produced an average 
reduction of 10 beatslmin. in frequency and a 0.33-gram-force re- 
duction from the atropine values. Physostigmine (2 mcg./ml. bath) 
produced a marked reduction of the frequency and gram-force 
exerted by the atria. The addition of the standard dose of I to the 
bath produced a further reduction of the frequency of 42 beats/min., 
while no change was observed in the gram-force (Figs. 3 and 4). 


JWeets of 8-Hydroxylamine Cinnamonyl Hydroxamic Acid on Isa- 
lated Rabbit Jejunum-Minimum concentrations of I to inhibit 
spontaneously occurring rhythmic pendulum contraction and the 
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Figure +Log-dose response plot of the reduction of the gram- 
force exerted by the isolated rabbit jejunum ajier incremental in- 
creases of I concentrations in the bath. A log linear response was 
obtained when a least-quares fit was applied for the concentration 
range of 5&20 mcg. l/ml. bath. No response was seen before 5 
mcg./ml., while a ceiling effect was noted after 20 mcg./ml. The gram- 
force was recorded as the mean of the means with the standard de- 
viations shown. The number of means used for this concentration is 
indicated by the number in parentheses. 
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FREQUENCY RESPONSES OF ISOLATED RABBIT JEJUNUM 


Figure 7-Histogram of the pendulum contractions per minute (fre- 
quency) of the isolated rabbit jejunum treated with I in the presence of 
two agonists and two different concentrations for one agonist. The 
shaded bars represent I at 50, 100, and 200 mcg./ml. as indicated. 
All concentrations are per milliliter of bath. The frequencies were 
recorded as the mean of the means for each bar with the standard 
deviations shown. The number of means used for each bar is indicated 
by the number in parentheses. 


gram-force exerted by the jejunum were 7.5 mcg./ml. Incremental in- 
creases of I from 5 to 50 mcg./ml. yielded a linear log dose reduction 
in frequency of the spontaneous contractions. At concentrations 
above 50 mcg./ml., a ceiling effect was observed (Fig. 5) .  Incre- 
mental increases of I in the range of 5-20 mcg./ml. produced a linear 
log dose reduction in the gram-force exerted by the jejunum. At 
concentrations above 20 mcg./ml., a ceiling response was produced 
(Fig. 6). A concentration of 500 mcg./ml. of I produced a total 
paralysis of the jejunum which, upon washing, was restored to the 
normal control rhythm and force. 


The actions of I were examined on the spontaneously contracting 
rabbit jejunum, on the acetylcholine-stimulated jejunum, and in the 
presence of barium chloride as a nonspecific stimulator for the 
jejunum. Control pendulum contractions of 13/min. were reduced 
to an average of 8.5 contractions/min. with 50 mcg. I/ml. bath, to 
8.2 contractions/min. with 100 mcg. I/ml. bath, and to 8.0 contrac- 
tionslmin. with 200 mcg. I/ml. The averagecontrol gram-force was r s  
duced to a 0.91 gram-force with 50 mcg./ml. and to 0.85 gram-force 
at 100 mcg. I/mL and to  the same average with 200 mcg. I/mL (Figs. 
7 and 8). Stimulating the jejunum with 0.01 mcg. acetylcholine/ml. 


GRAM-FORCE RESPONSES OF ISOLATED RABBIT JEJUNUM 


Figure 8-Histogram of the reduction of gram-force exerted by the 
isolated rabbit jejutium treated with I at three different concentra- 
tions. The shaded bars represent the compound at concentrations of 
50, 100, and 200 mcg./ml. of bath. The gram-fotre was tabulated 
as the mean of the means with the standard deaiations shown. The 
number in parentheses represents the number of means eaaluated 
for each bar. The concentrations of the two agonists are per milliliter 
of bath. The responses induced by the compound ajier barium chloride 
were tabulated together since no significant difference of the response 
to the two corrcentrations of barium chloride was noted. 
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Figure 9-Log-dose response plot of the reduction of gram-force 
exerted by the isolated guiriea pig tmchea afrer incremental in- 
creases of I in the bath. A log linrar response was obtained with a 
least-squares fit applied,for the concentration ratixe of 25-1OO mcg./ml. 
bath. No signi/cunt response was seen before 25 mcg./ml. bath. The 
gram-force was recorded as the mean of the means with the standard 
deviation shown for each incremental increase of I .  The number in 
parentheses represents the number of means evaluated for this con- 
centratioti. 
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bath led to an increase in both frequency of rhythmic contraction and 
gram-force exerted over the control values: 17 contractions/min. 
and 1.30 gram-force, respectively (Figs. 7 and 8). A dose of 50 mcg. 
I/ml. bath in the presence of the same amount of acetylcholine led to 
a reduction of the frequency of the pendulum contractions to an 
average of 9.0 contractions/min., while a reduction of the gram- 
force to an average of 0.94 g. occurred. Increasing the concentration 
of I to 100 and 200 mcg./ml. did not produce changes significantly 
different from the responses produced by the addition of 50 mcg./ml. 
(Figs. 7 and 8). 


The addition of 0.02 mcn. acetvlcholine/ml. bath led to an average 
response of 16 contractioni/min.-and I .64 gram-force. When repeat- 
ing the concentrations of 50, 100, and 200 mcg. I/ml. bath, the fol- 
lowing values for the frequency of contractions were observed: 11 .O, 
9.4, and 8.0 contractioris/min., respectively, and gram-force re- 
sponse was 0.96,0.97, and 1.00 g., respectively. The isolated rabbit 
jejunum was exposed to barium chloride (50 and 100 mcg./ml. bath) 
and a marked increase in gram-force (1.67 and 1.64, respectively) 
was observed. The frequency of pendulum contractions for 50 mcg. 
BaClt/ml. bath was not significantly different from the control 
value; 100 mcg. BaCh/ml. bath led to a pronounced reduction of the 
pendulum frequency: 2.5 contractions/min. A concentration of 100 
mcg. I/mL bath in the presence of either 50 or 100 mcg. BaCl,/ml. 
led to a reduction of gram-force to 1.10 g. Using 200 mcg. I/ml. bath 


in the presence of either 50 or 100 mcg. BaClr/ml. produced a re- 
duction to 0.72 gram-force; 100 mcg. I/ml. bath produced 5.0 
pendulum contractions/min. in the presence of 50 mcg. BaClr/ml., 
while 200 mcg. I/ml. produced 7.2 contractions/min. in the presence 
of 50 mcg. BaClt/ml. No pendulum contractions were measured 
after 100 mcg. BaCL/ml. since the jejunum went into spasmodic 
contracture even after a small amount of I (25 mcg. I/ml.) (Figs. 7 
and 8). The reductions of the pendulum contractions and gram- 
force after the addition of I to the bath could be counteracted by the 
addition of acetylcholine or the removal of I from the bath by wash- 
ing. Normal control values for both the contractions per minute and 
the gram-force could be restored. 
Effects of &Hydroxylamine Cinnamonyl Hydroxsmic Add on 


Isolated Guinea Pig Trachea-The minimum amount of I required 
to produce a degree of relaxation in the rather quiescent guinea 
pig trachea was 25 mcg. l/ml. bath. Increasing the concentration of 
I from 25 to 100 mcg./ml. bath produced a linear log dose reduction 
of the gram-force exerted by the guinea pig trachea (Fig. 9). No 
pendulum contractions could be measured in this organ system. 
The average control value for the gram-force of the trachea was 1.6 
g. This could be reduced to an average of 0.94 g. or a reduction of 
0.66 g. from the control values after the addition of 50 mcg. l/ml. 
bath. The addition of 8 mcg. histamine hydrochloride/ml. bath 
produced a sustained contraction of the trachea (1.82 gram-force), 
which could be antagonized with a dose of 50 mcg. I/mL bath. In- 
troducing 50 mcg. I/ml. to the bath fluid before the addition of his- 
tamine (8 mcg./ml.) diminished the histamine response by an average 
of 0.76 gram-force. In this case, I behaved much as an antihistamine 
would by inhibiting the histamine response (Fig. 10). 


A similar observation was made when acetycholine was substi- 
tuted for histamine as the agonist. The addition of 1 mcg. acetyl- 
choline/ml. bath increased the force to 1.78 g., and this could be 
antagonized with 50 mcg. I/mL bath to reduce the force to 1.12 g. 
Placing 50 mcg. I/ml. into the bath before the addition of acetyl- 
choline diminished the acetylcholine response by an average of 0.68 
gram-force. Relaxation of the trachea could be achieved with I when 
the organ had been pretreated with dichloroisoproterenol followed 
by histamine stimulation and @-block challenge with isoproterenol. 
The gram-force produced during the histamine stimulation was 1.82 
g., while isoproterenol(O.08 mcg./ml. bath) produced a reduction of 
1.40 g. which did not differ from the control value. When this prepa- 
ration was followed with 50 mcg. I/ml., a reduction to 0.88 g. could 
be observed. Stimulating the trachea with histamine (8 mcg./ml.) 
produced a force increase of 1.82 g. Dichloroisoproterenol (I0 mcg./ 
ml.) in the same bath led to a moderate reduction of force of I .66 g. 
Adding 50 mcg. I to this preparation produced a reduction of force 
to 1.00 g. Diphenhydramine (10 mcg./ml.) inhibited the histamine 
response to an average value of 1.44 gram-force. Adding 50 mcg. 
I/ml. to this preparation produced a reduction of 0.40 gram-force 
(Fig. 10). 


Caldum Analysis of Organ Bath in the Presence of 8-Hydroxyl- 
amine Cinnamonyl Hydroxamic Acid-To exclude the possibility 
that 1 may interfere with the availability of ionic calcium in the 
bath and, therefore, inhibit contractions, a series of calcium anal- 


GRAM-FORCE RESPONSES OF ISOLATED GUINEA PIG TRACHEA 


Figure 10-Histogram of the 
reduction of gram-force ex- 
erted by the isolated guinea 
pig trachea a fier treatment 
with I (50 mcg.lm1. bath; 
shaded bars) in the presence 
of agonist andblockingagents. 
The gram-force was tabulated 
as the mean of the means 
with the standard deviation 
shown for each tabulation. 
The number in parentheses 
represents the number o j  
means evaluated for each con- 
dition studied. The concentra- 
tioris for the agoriists and 
blocking agents are expressed 
as per milliliter ofhath. 
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yses was carried out on organ bath preparations of the atria. Table 
I reveals no difference in values for the control concentrations of 
calcium and the calcium concentrations in the bath when I was 
present. By using ethylenediaminetetratate disodium salt as a 
chelating agent, ionic calcium was removed from the bath in amounts 
equal to 25, So, 75, or 100% of the total. This produced morpho- 
logically distinct different relaxation in the atria than I produced. 
While I produced a contracture of the atria at higher concentrations, 
ethylenediaminetetraacetate produced a total relaxation with paraly- 
sis at 100 removal of calcium ion. 


DISCUSSION 


These isolated organ experiments clearly show that @-hydroxyl- 
amine cinnamonyl hydroxamic acid (I) produced inhibition of au- 
togenous contractile mechanisms. This inhibition was, however, not 
limited to the autogenous drive but was also active in the presence 
of an agonist that magnified the autogenous contractile drive. It 
became evident that this inhibition of the contractile drive was not 
limited to one particular mediator system. The degree of inhibition 
was related to the concentrations of I in the bath as well as to the 
strength of the autogenous contractile drive. In the atria, an organ 
system with a very strong autogenous contractile mechanism, the 
minimum concentration of I to show any degree of inhibition was 
400 mcg./ml. bath. This is thought to be a high concentration when 
compared with the amount of I needed for inhibition of the jejunum 
and guinea pig trachea, organs with a much weaker autogenous 
contractile mechanism. 


The inhibition of the contractile mechanism by I was, in all cases, 
reversible by washing the organ preparation and, therefore, by re- 
moving I from the bath as well as from the hypothetical receptor 
site. The inhibitory effect of I could also be neutralized in the case 
of the atria with epinephrine or histamine, both potent agonists (4) 
for the atria that enhance its contractile force and frequehcy (Figs. 
3 and 4). 


With the rabbit jejunum, the minimum amount of I needed to 
effect a reduction of both the force and the frequency of the swn- 
taneously occurring pendulum contractions was 7.5 mcg. I/ml. 
Inhibition of these parameters by I could be counteracted by acetyl- 
choline or barium chloride. Normal control values could be re- 
stored by washing the jejununi and removing I from the bath fluid. 
The apparent smaller amount of I needed to induce some degree of 
inhibition in the jejunum in comparison to the atria is to be related 
to the much stronger spontaneous autogenous drive of the atria in 
contrast to the weaker drive in the jejunum. For the compound to 
be pharmacodynamically active, the internal contractile drive mech- 
anism must be overcome; since the atria exhibit a much greater 
force and frequency of autogenous drive, the amounts of I to inhibit 
this drive would logically be larger than in the jejunum. In the 
jejunum, I produced a ceiling effect over a wider concentration range 
in contrast to the atria. While the atria underwent contracture after 
the dose of 2.00 mg. I/ml. bath had been reached, the jejunum had a 
latitude of 50-500 mcg. I/rnl. bath before paralytic contracture oc- 
curred. In the case of the gram-force, a dose range of 20-500 wg. /  
ml. bath was needed for the jejunum. 


Pretreatment of the jejunum preparation with acetylcholine (0.01 
or 0.02 mcg./ml.) produced an increase in contractile frequency 
and force. When acktylcholine was followed by the introduction of 
I into the same bath fluid, a notable reduction of force and contrac- 
tile frequency could be recorded. This indicates that I was able 
to interfere with either hormonally induced or spontaneously occur- 
ring contractions. The addition of barium chloride (So mcg./ml.) to 
the bath produced a marked increase in the force of contraction 
while no significant change in frequency occurred. The addition of I 
to the bath in the presence of barium chloride did lead to a reduction 
of both frequency and force. The ability of I to antagonize the direct 
stimulation of the jejunum by barium chloride would indicate that I 
was interfering with the energy-generating machinery of the cell. 


The reduction in the force of contraction of the guinea pig trachea 
produced by I was counteracted by the addition of either histamine 
(8 mcg./nil.) or acetylcholine ( I  mcg./ml.). Conversely, I was able to 
reduce the histamine or acetylcholine-induced increases in force, 
behaving, in the case of the histamine stimulation, not unlike iso- 
proterenol. However, when I was placed into the bath prior to the 
addition of histamine, the response produced by histamine or acetyl- 
choline was suppressed. Moreover, 1 was able to produce a reduction 


T8ble I-Ionic Calcium Analysis (3)a 


Control. - -------. 
mg. Ca+*/ 


50 ml. Bath 


1 mg. I/ml. 
Bath, 


mg. Ca+Y 
50 ml. Bath 


3.9 4.1 
4.2 4.1 
4 . 1  4.2 
4.5 4.4 
4.4 4.4 
4.3 4 .2  
4.1 4.3 
3.7 3.5 
3.9 4.4 
4.3 4.3 
4.7 4.1 
4.3 4.3 


Average* 4.2 mg. Ca 4.2 mg. Ca 
~ ~~ 


0 The calculated theoretical calcium concentration in the Locke solu- 
tion used for the rabbit atda'based on the addition of anhydrous CaClt 
for the preparation of the solution should be 4.3 mg./50 ml. bath. 
Both the control and ex erimental values represent the mean of three 
samples in a series of 15 analyses from 12 different experimqnts with 
the atria. bThe average values represent 36 control and 36 experi- 
mental analyses. 


of force in the presence of dichloroisoproterenol and diphenhydra- 
mine, indicating that the actions of I are not through any of the 
known mediator systems operating within tracheal tissue. 
The persistent actions of I in the presence of a 8-block (dichloro- 


isoproterehol) and a histamine block (diphenhydramine) are not 
limited to the guinea pig trachea, since similar observations were 
made with the rabbit atria. As with the trachea, I was able to exert 
its depressing action on the force and rate of contractions of the 
atria in the presence of a &block, in the presence of an a-block 
(phenoxybenzamine), and in the presence of atropine. These obser- 
vations are in agreement with the earlier observed and postulated 
mode of action of I (1). 


The maintenance of active contractile force in any tissue is de- 
pendent on the availability of the enzymes involved in an intact 
ATP system (5-7). It is suggested that I interferes with this enzyme 
system and, therefore, reduces the energy available to the cells for 
contraction. These enzymes are mostly bound to the cell membrane 
(8) and it is postulated that it is here that I exerts its pharmacody- 
namic actions, possibly by interfering with conformational changes 
in the receptor enzyme protein system needed to propagate the 
energy impulse. 


Compound I did not reduce the calcium concentration in the 
bath and, therefore, did not change the availability of calcium to the 
tissues. Neither was the calcium concentration increased, excluding 
calcium extraction for the organ preparation. However, alteration of 
the calcium pump at the sarcoplasmic level so necessary for the 
generation of the contractile forces was not excluded. 


Fishbein and Carbone (9) stated that hydroxyurea was converted 
to acetohydroxamic acid and that the hydroxamic acid diminished 
oxidative phosphorylation with a reduced ATP content in the mito- 
chondria. In other work, it was reported (10) that hydroxyurea pre- 
vents incorporation of labeled phosphor into DNA. Since Fishbein 
and Carbone (9) reported that the hydroxyurea was converted to 
acetohydroxamic acid and Coutts (1 1) reported that hydroxamic 
acids were preferentially reacting with the coenzyme pyridoxal phos- 
phate, it is possible that the inhibition shown by I was interference 
with phosphate transfer necessary for energy generation of a con- 
traction. Coutts also reported that hydroxylamine cleaves the acetyl 
coenzyme A and that this leads to a cellular as well as a mitochon- 
drial inhibition of ATP. Since I possesses a hydroxylamine group in 
the &position, it is prbbable that not only the hydroxamic acid 
moiety is responsible for the pharmacodynamic action, but the 
hydroxylamine group may aid in the production of the muscle re- 
laxation characteristic of I. The observations that I exerted its in- 
hibitory action in the presence of various agonists, in different tissues 
and in the presence of blocking agents, would indicate that the re- 
laxation was a result of inhibition of a common energy system. 


It was reported (12) earlier that decanohydroxamic acid possesse~ 
papaverine-like, antiacetylcholine-like, and antihistamine-like ac- 
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tions. It may be that the generic group (hydroxamic acids), due to 
their peculiar molecular structure such as the R--C(=O)--N(-H)- 
OH moiety, are a group of oxidative phosphorylation uncoupling 
agents and compete for the energy available within the cellular con- 
tractile mechanism. 
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NMR Study on 1,2,4,5-Tetrasubstituted 3,3,6,6-Tetradeuterated 
Cyclohexanes: Conformational Contributions and 1,3-Diaxial and 
Vicinal Deshielding Effects of Amino and Alkylated 
Amino Groups and Their Protonated Forms 


BARTLETT D. WHELTON*, BETTY R. LOWRY, JOHN B. CARRt, and ALAIN C. HUITRIC’ 


Absb.Pct 0 The partially deuterated compounds trans-2-o-tolyl-eis- 
4-hydroxy-trnns-S-aminocydohexanol-3.3,6,6-d~ and trans-2-o-tol yl- 
cis-4-amino-rruns-5-hydroxycyclohexanol-3,3,6,6-d4, the corre- 
sponding N-methyl and N,N-dimethyl derivatives, the trimethyl- 
ammonium iodide salts, the C-1 benzoyloxy esters of all these com- 
pounds, aqd a few C-4 acetoxy derivatives were investigated by 
NMR for conformational changes brought about by alkylation 
and protonation of axially oriented amino groups and for 1.3- 
diaxlal and vicinal deshielding effects of amino and protonated 
amino groups. In these compounds, hydrogens H-I and H-2 and 
hydrogens H-4 and H-5 make up two separate A X  systems where, 
in a given chair conformation, the hydrogens of one pair have 
trans-diaxial orientations and those of the other pair have trans- 
diequatorial orientations. Changes in coupling constants J,, and 
JU give a sensitive measure of conformational changes. The most 
pronounced conformational changes occurred with protonation 
of the. dimethylamino derivatives in formic acid and in chloro- 
form, where the equilibrium highly favors the inverted chair con- 
formations with an axially oriented 0-tolyl group. The 1,3-diaxial 
deshielding of the primary amino group was found to be somewhat 


A number of partially deuterated six-membered ring 
compounds have been prepared in this laboratory in 
recent years for NMR conformational analysis studies 
(1-4) and for study of long-range 1,3-diaxial deshielding 
of ring hydrogens by the hydroxyl group (5 ) .  On the 
basis of this previous work, the substituted 3,3,6,6- 
tetradeuterated cyclohexene (111) was easily available as 
an ideal intermediate for the synthesis of the tetra- 
deuterated compounds of series VI-IX, of known 
stereochemistry, through the epoxides IV and V. The 
stereochemistry for IV and V was established for the 
nondeuterated epoxides (6). The deuterated compounds 


comparable to that of the hydroxyl group, with little change in the 
effect upon protonation. The effects of N-methylation are dis- 
cussed. Geminal and vicinal deshielding by the amino group and 
the role of N-methylation and protonation on these effects are 
given. Further data supporting the long-range deshielding by the 
carbon-carbon double bond and the epoxy group are also pre- 
sented. 


KeyphrPses Cyclohexanes, 1.2,4,5-tetrasubstituted 3,3,6,6tetra- 
deuterated-NMR study, conformation contributions and de- 
shielding effects of amino groups and protonated forms 0 Coupling 
constants, 1,2,4.5-tetrasubstituted 3.3.6,Gtetradeuterated cyclo- 
hexanes-conformation changes produced by alkylation and pro- 
tonation of axial amino groups m Deshielding effects, 1.3-diaxial 
and vicinal-l,2,4,5-tetrasubstituted 3,3,6,6tetradeuterated cyclo- 
hexanes. conformation changes produced by alkylation and pro- 
tonation of axial amino groups 0 NMR spectroxopy-tetrasub- 
stituted cyclohexanes, conformation changes produced by alkyla- 
tion and protonation of axial amino groups, vicinal deshielding 
effects of amino groups, coupling constants 


of series VI through IX were of special interest for the 
study of possible conformational changes as a function 
of solvent resulting from successive alkylation of the 
amino group and/or from protonation of the primary, 
secondary, and tertiary amines. The tetradeuterated 
compounds also provide useful systems for the study of 
the relative lY3-diaxial deshielding properties of primary, 
secondary, and tertiary amino groups and the effect of 
protonation on this property. The series further proved 
useful in demonstrating the deshielding effect of pro- 
tonation of the amino groups on the chemical shifts of 
vicinal hydrogens. 
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Potential Psychoactive Indole Derivatives II: Synthesis of 
5-Alkoxyindolines via Reduction of 5-Alkoxy-2-indolinones 


A. MAHAMADI*, P. PARIMOOt, W. G. HANEY, and B. F. GRABOWSKI’ 


m c t  0 As part of a continuing program to define further the 
role of the indok nitrogen in influencing activity of psychoactive 
compounds, a series of Sakoxy-3-alkylamino-1 ,Mimethyl-2- 
indolinones and indolines were prepared for central activity studies. 
The intermediate substituted 2-indolinones were prepared by C-5 
akylation of Ehydroxy-I ,Mimethyl-2-indolinone followed by C-3 
alkylation with appropriately substituted chloroalkylamines. The 
substituted 24ndolinones were then reduced to the indoline de- 
rivatives with lithium borohydride. 1R and NMR spectroscopy were 
utilized for the structural characterization of the synthesized com- 
pounds. 


Keypbrreeo 0 Indolinones, Ealkooxy-3-alkylamino-1,fdimethyl 
substituted-synthesiad as potential psychoactive agents, struo 
ture-activity relationships of indole derivatives 0 Indolines, S 
alkoxy substituted-synthesized as potential psychoactive agents, 
structure-activity relationships of indole derivatives 0 Psycho- 
active agents-ynthesis of Sakoxyindolines by reduction of S 
alkox y-Zindolinones 


Appropriately substituted indoles have been of inter- 
est to the pharmaceutical chemist, especially because 
of the widespread Occurrence of the indole nucleus 
among both naturally occurring and synthetic psycho- 
active compounds (1). In particular, those indole 
derivatives with 3-alkylamino and 4-, 5-, or 6-alkoxy 
substitutions have been shown to possess central ac- 
tivity, namely antidepressant, depressant, and hallucino- 
genic (2). 
As a result of the large number of indole derivatives 


that are psychoactive, we became interested in the role 
of the nitrogen of the indole nucleus in determining 
both the potency and the spectrum of the psychoactivity 
of these compounds. 


The nitrogen of indoline and of 2-indolinone differs 
from the nitrogen of indole with respect to  electronic 
character. Hence, the relative psychopharmacological 
properties of substituted 2-indolinones and indolines 
should further elucidate the importance of the indole 
nitrogen in psychoactive compounds. 


In a previous work (3), the present authors prepared 
3-alkylamino substituted 2-indolinones and indolines 
for central activity characterization. Since alkoxy 


Scheme 1 


substitution in the 4, 5-, or &position of the indole 
nucleus often leads to changes in psychopharmacolog- 
ical activity, it was of interest to prepare 5-alkoxy 
derivatives of selected 3-alkylamino substituted 2- 
indolinones and indolines for their central activity 
characterization. Therefore, a series of 5-a1 koxy-3- 
a1 kylarnino- 1,3-dimethy1-2-indolinones and indolines 
were prepared in the hope that their psychoactivity 
relative to that ’ of the corresponding indole derivatives 
would shed further light on the role of the indole nitro- 
gen in determining central activity of the indole deriva- 
tives. 


The 5-hydroxy-3-methyl-2-indolinone intermediates 
were obtained by a procedure based on the methods of 
Julian el al. (4) and Stolle (5) .  Dialkyl sulfate in ben- 
zene was utilized for C-5 alkylation, and further C-3 
alkylation was carried out with metallic sodium and 
the appropriately substituted chloroalkylamine in 
ethanol. The resulting 5-alkoxy-3-alkylamino- 1,3-di- 
methyl-2-indolinones (Table I) were reduced with 
lithium borohydride in tetrahydrofuran to give the 
substituted indoline derivatives (Table 11). The syn- 
thetic pathway is shown in Scheme I. 


EXPERIMENTAL1 


Reparation of 5-Hydroxy-1,3-dimethyl-2-indolinone Intermedl- 
ates-The 5-hydroxy-3-monoalkyl-2indo~inones, star ring materials 
for the synthesis of the 3-methyl-3-alkylamino-2-indolinones and 
indolines, were prepared according to the procedure of Julian and 
Pikl (6). The yields were in the range of 80% of theory, and IR 
and NMR spedrophotometric data confirmed the structural as- 
signments. 


(Table I)-The synthetic procedure was adapted from that outlined 
by Horning and Rutenberg (7). Compounds Ila-VIlIa were pre- 
pared by the procedure described below for 3-(2-aminoethyl)-S 
methoxy-1 .3-dimethyl-2-indolinone (Compound Ia). Pertinent data 
for these compounds are summarized in Table 1. 


IR and NMR spectral data were utilized in the characterization 
of these compounds. The 1R spectra showed absorbances at 1725 
(amide carbonyl), 1475 (methyl), and 1610, 1500, and 740 (phenyl) 
cm. -1, while the NMR spectra showed peaks (in CDCI,) a t  3.8-4.2 
(@methyl or methylene). 6.8-7.5 (aromatic substituent), 3.5-3.8 (N- 
methylene), and 0.8-1.1 (3-methyl or methylene) p.p.m. 
~ 2 - A m i n o e t b y l ) J - ~ x y - l , ~ ~ ~ y l 3 - l  (Cola- 


pound La)-Metallic sodium (2.07 g., 0.09 mole) in ethanol (150 
ml.) was mixed with S-methoxy-I,3-dimethyl-2-indolinone (1 2.0 
g., 0.06 mole) in a three-necked flask equipped with reflux condenser, 
stirrer, drying tube, and dropping funnel. A solution of 2chloro- 
ethylarnine hydrochloride (1 1.6 g., 0.10 mole) and metallic sodium 
(2.3 g., 0.10 mole) in ethanol ( I 0 0  ml.) was added dropwise to  the 
ethanolic substituted 2-indolinone solution. The reaction mixture 


Syntaesls Of CAlkolty-3-alkylunlw-1,3-dimeUlyl-2-ind 


1.R orted meltinp points are uncorrected. A Thomas-Hoover 
U n d t  apparatus was used for the meltins-point deternunation. IR 
spectral analyses were conducted on a Perlun-Elmer model 137 0, 
while NMR spectra were obtained on a Varian model A-60 spectre 
photometer. 
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Table I-5-Alkoxy-3-alkylamino-l,3-dimethyl-2-indolinones 'CH.8 


Melting 
Pomt or 


R' 


~ _. 


Yield, Boiling Point Recrystallization --Analysis, 9 
% (mm.He) Solvent Formula Calc. F:; 


Ia 4, -CHINE& 41 137-1 39'0 Ether-heme - - - 
IIa - - C H I c H a  4 H i N H I  38 125-126" Benzene CirHuNsCh C 67.74 67.94 


IIh --CHI --cHIN(CHab 32 12'-13% Ether - - - 
IVU --cHtcHa -CHiN(CHab 39 146-147' Chloroform4her CioHiIN101 C 69.57 69.66 


va 4, --CHIcHiN(CHab 34 156-160" - - - - 


H 8.06 7.% 
N 11.29 11.27 


H 8.70 8.58 
N 10.14 10.10 


(1.2)c 
V h  -CHICHI -CH1cH,N(CHab 33 121-122" Ether-heme G&eNich c 70.34 70.21 


H 8.97 8.91 
N 9.65 9.73 


VIIa - C H a  -CH(CH~)CHiN(CHa)r 25 151-152" Chloroformbenzene G;HI6Nich C 70.34 69.92 
H 8.97 8.82 


VIIIa --CHzCHa -CH(CHa)CIIIN(CHah 40 129-130" Benzene 
N 9.65 9.47 


H 9.27 9.20 
N 9.20 9.13 


Ci7Hi&ch c 71.01 71.07 


0 Lit. (8) b.p. 210-213" (9.0). *Lit. (8) b.p. 210-215" (20.0). 5 Lit. (8) b.p. 167470" (1.0). 


Table II-5-Alkoxy-3-~yla1ni110-1,3dmethylindolines 


corn 
pound R 


Melting Point or Recrystal- 
Yield, Boiling Point' lization -Analysis, %- 


R' z (mm. Hg) Solvent Formula Calc. Found 


Ib 


IIb 


IIUJ 


IVb 


Vb 


VIb 


VIIb 


VIIIb 


34 


28 


37 


32 


38 


26 


33 


31 


120-122" (1.1) 


79-81 " 


118-122" (2.0) 


144-145" (1.3) 


132-136" (1.4) 


77%" 


122-123" (2.4) 


82-83" 


- 


Ether 


- 


- 


- 


Ether 


- 


Methanol 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N -.  


C 
H 
N 


70.88 
9.15 
12.71 
71.75 
9.46 
11.95 
72.53 
9.73 
11.28 
73.28 
10.08 
10.68 
73.28 
10.08 
10.68 
73.91 
10.14 
10.14 
73.91 
10.14 
10.14 
74.43 
10.41 
9.64 


70.82 
9.12 
12.63 
71.45 
9.45 . . .~ 


11.84 
72.53 
9.59 
11.20 
73.20 
io.ii 
10.56 
73.44 
9.85 
10.53 
73.56 
9.93 
10.04 
74.10 
10.02 
9.% . .. ~ 


74.62 
10.21 
9.47 


was refluxed with stirring for 6 hr. and cooled to room tempera- 
ture, and then the ethanol was removed under reduced pressure. The 
resulting brown residue was extracted with ether, and the 
ether extract was dried over magnesium sulfate. After removal of 
the ether, the resulting product was recrystallized from ether- 
hexane to give the compound whose data are summarized in Table 
I. 


Syntaesie of S-Alkoxy-3-alkyimino-amino-l.3-dimethylinddines (Table 
-Reduction of substituted 2-indolinones to indolines was 


attempted using the procedure outlined by Marion and Kates (8). 
Since this procedure gave incomplete reduction, the method was 
altered by utilizing lithium borohydride in tetrahydrofuran. Com- 
pounds IIb-VIIIb were prepared by the procedure described for 
3-(2-aminoethyl)-5-methoxy-1,3-dimethylindoline (Compound Ib), 
and their data are summarized in Table 11. 


The IR spectra of these compounds showed absorbances at 1610, 
1500, 740 (phenyl), and 1475 (methyl) cm.-l. The amide carbonyl 
band was absent. The NMR spectra contained peaks at 6.6-7.2 
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(aromatic), 3.8-4.2 (O-methyl or methylene), and 3.5-3.8 (N- 
methylene) p.p.m. with proper multiplicities. 


3 - ( 2 - A m i a o e t h y l ) - 5 - m x y - l , ~ ~ ~ y l i n  (Compound Ib) 
-A solution of 3-(2-aminoethyl)-5-methoxy- 1.3-dimethyl-2-indoli- 
none (5.5 g., 0.03 mole) in tetrahydrofuran (30 ml.) was added 
slowly to a suspension of lithium borohydride (0.04 mole) in tetra- 
hydrofuran (25 ml.). The reaction mixture was refluxed Hith stirring 
overnight and then cooled to room temperature. A mixture of 
methanol-water (1O:l) wl l~  added slowly to the mixture until 
effervescence ceased. The tetrahydrofuran was removed under re- 
duced pressure, and the residue was extracted with ether. The 
ether extract was dried over magnesium sulfate and the ether 
evaporated. The crude oil was distilled to give the compound whose 
data are summarized in Table 11. 


SUMMARY 


Sixteen 5-alkoxy-3-alkylaminel,3dimethyl-2-indolinones and 
indolines were prepared. These compounds were characterized 
with 1R and NMR spectroscopy. Pharmacological testing is in 
progress. 
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Comptoniu asplenifolia: Low Boiling Components 


D. C. CLAGETT., W. P. DUBINSKY*, and D. PRZYBYL 


Abstract 0 Room temperature, low pressure vacuum distillation 
of 920 g. of the fresh leaves from Comptoniu usplenifoliu Ait. typi- 
cally yielded 3 mg. of methyl acetate, 1 mg. of ethyl acetate, 2 mg. of 
diisopropyl acetaldehyde acetal, and 5 mg. of cineol. Methyl acetate, 
ethyl acetate, and diisopropyl acetaldehyde acetal were not previ- 
ously reported as components of the essential oil and are important 
contributors to the odor factors of the plant. 


Keyphrases Comptoniu asplenifdia Ait.-isolation and identilica- 
tion of low boiling components 0 GK-identification of low boil- 
ing components of Comptoniu usplenifdiu 


Compfonia asplenifolia Ait. was first investigated 
phytochemically by Braun (1) and later by de Nicola 
and Lynn (2). Using distillation techniques, these 
workers isolated 0.02-0.5% by weight of an oil from 
fresh or semidried leaves. Only cineol was identified. 
Other compounds such as lactones, terpenes, esters, and 
alcohols were suggested to be present. In a more recent 


This plant, a sweet-scented shrub common to the eastern United 
States, is alternatively designated Myricu asplenffolla Endl. or Cornp 
roniuperegrfna L. Coult. and is colloquially named sweet fern. Identifi- 
cation of the plant material used in this Study was made by Dr. Fred 
Barkley of Northeastern University, and a voucher specimen (Clagett 
and Dubinsky-1) has been deposited with Dr. Barkley. Curator, 
Husky Herbarium, Northeastern University, Boston, MA 021 15 
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study using GLC, this essential oil was shown to contain 
at least 32 identifiable terpenoids including cineol (3). 
This work utilized a cohobation still, which allowed 
isolation of high boiling components but precluded 
observation of volatile compounds and those that were 
heat or water sensitive. It was, therefore, of interest 
to isolate such low boiling components. Compounds 
determined would add to the chemotaxonomic informa- 
tion about C. asplenifolia2. 


Using a sequence of room temperature, low pressure 
vacuum distillation, ether extraction, and temperature- 
programmed GLC, small amounts of methyl acetate, 
ethyl acetate, diisopropyl acetaldehyde acetal, and 
cineol were isolated. The previously undetected methyl 
acetate and ethyl acetate are common, expected odor 
contributors. Diisopropyl acetaldehyde acetal, which 
was isolated in amounts comparable to about half that 
of the previously noted cineol (2, 3), appears to be 
another important odor contributor. This is the first 
report of this substance being isolated from natural 


2 Cornpionla aspknifollo has been used for many years as a remedy 
for high blood pressure and as a sickroom air freshener by residents of 
A palachia. Its essential. oil is patented for use as a perfume fixative 
(4f The chemotaxonomic information may be useful for chemosys 
tematic evaluations (3)- 








Kinetic Analysis of Complex Formation between 
Penicillin and Sucrose 


STANLEY L. HEM*, EMANUEL J. RUSSO., SURENDRA M. BAHAL, and RALPH S. LEV1 


AbetrPd 0 The formation of 1 : 1 molar complexes between sucrose 
and the following penicillins was studied: potassium penicillin 
G USP; potassium phenoxymethyl penicillin USP; sodium di- 
cloxacillin, monohydrate; and ampicillin, anhydrous. Kinetic 
parameters, based on a model system, are presented for each in- 
teraction. The degree of complexation was greatest with sodium 
dicloxacillin and least with ampicillin. The rate of degradation of 
complexed penicillin was 5-6 times the rate for the uncomplexed 
penicillin. The relatively high equilibrium constant obtained for 
sodium dicloxacillin was consistent with the strong effect of sucrose 
on the observed rate constant. Ampicillin, whose observed rate 
constant was only slightly affected, had a very low equilibrium 
constant. Complexation involves the intact penicillin and acceler- 
ates the degradation of penicillin but does not appear to change the 
degradation pathway. 


Keypbrnses 0 Potassium penicillin G-complexation with sucrose, 
effect on degradation rate 0 Potassium phenoxymethyl penicillin- 
complexation with sucrose, effect on degradation rate 0 Sodium 
dicloxacillin, monohydrate-complexation with sucrose, efFect 
on degradation rate 0 Ampicillin, anhydrous-complexation with 
sucrose, effect on degradation rate 0 Penicillins-complexation 
with sucrose, effect on degradation rate 0 Sucrose-complex 
formation, effect on degradation rate of penicillins 0 Complex 
formation-sucrose with penicillins, effect on penicillin stability 


A number of reports (1-6) indicated that dextrose 
causes the inactivation of penicillin, although other 
workers (7, 8) concluded that dextrose has little effect 
on the chemical stability of potassium penicillin G 
USP. Moss and Cole (9) found that the degradation of 
6-aminopenicillanic acid was accelerated in the presence 
of dextrose, maltose, or lactose. In that study, the N- 
glycosyl, N-maltosyl, and N-lactosyl derivatives of 6- 
aminopenicillanic acid were isolated by column chrom- 
atography and were found to contain approximately 1 
mole of sugar/mole of 6-aminopenicillanic acid. The 
authors concluded that the amino group of bamino- 
penicillanic acid and the reducing group of the sugar 
were involved in the interaction, because they observed 
no reaction when benzylpenicillin or a nonreducing 
sugar was present. 


Schneider and de Weck (10) recently reported a re- 
action between benzylpenicillin and a number of carbo- 
hydrates, including reducing sugars, nonreducing sugars, 
dextran, and simple glycols. They speculated that the 
reaction resulted in the formation of an a-ester of peni- 
cilloic acid. The reaction product of benzylpenicillin and 
raffinose was separated by Sephadex chromatography 
and contained equimolar amounts of raffinose and 
benzylpenicillin. 


Preliminary experiments in these laboratories also 
indicated a n  interaction between sucrose and penicillin. 
The investigation reported here was undertaken to in- 
vestigate this interaction through a determination of 
its kinetic parameters. 


i 
24 48 72 96 120 144 168 


HOURS 


Figure 1-Change in potency of sodium akloxacillin, monohydrate, 
during aging in a 0.01 M sdution at  pH 7 , 4 5 O .  Key: 0, in absence of 
sucrose; and 8, in presence of 0.01 75 M sucrose. 


EXPERIMENTAL 


Mataials-Four penicillins were studied: potassium penicillin 
G USP; potassium phenoxymethyl penicillin USP; sodium di- 
cloxacillin, monohydrate; and ampicillin, anhydrous. Each was 
taken from one lot of commercially prepared material. The sucrose1 
and other chemicals used were reagent grade. 


Procedue--Solutions for the kinetic studies were prepared at  
pH 7.0 nsing a 0.06 Mcitrate buffer. The buffer solution containing 
the appropriate amount of sucrose was brought to the desired tem- 
perature in a constant-temperature bath before the penicillin was 
added. The pH of each solution was determined initially and at the 
end of the experiment. No significant changes in pH occurred. 


Samples were withdrawn during the study and assayed for intact 
penicillin by a modified iodometric titration procedure (11) or by 
the microbiological cylinder-plate assay, with Staphylococcus 
aureus, ATCC 6538P, as the test organism. 


The rate of hydrolysis of penicillin was also determined by fol- 
lowing the acid produced with the aid of a Radiometer setup, con- 
sisting of a PHM 26 pH meter, a TlT-1 automatic titrator, a 
'ITA3 titrator assembly, an SBR2 titragraph, and an ABU 12 
autoburet. 


Ampicillin solutions (0.01 M), buffered to pH 7.0 with 0.06 M 
citrate buffer, were examined by TLC after storage for 6 days at  
45" both in the presence and absence of 0.029 M sucrose. Samples 
containing 20 mg. of ampicillin were diluted 1 : 1 with n-propanol, 
and 10 pl. was applied to a 250-p silica gel G-HR/UV plate'. The 
plate was activated by heating at  100" for 15 min. and was de- 
veloped in a saturated chamber containing n-propanol-water 
(70:30 v/v). The solvent front was allowed to travel I5 cm. Visu- 
alization was effected by: (a) exposing the plate to iodine vapors 
for 60 min., and (6) spraying the plate with 0.25% ninhydrin in 
ethanol and heating at  100" for 10 min. 


RESULTS A N D  DISCUSSION 


The four penicillins were found to degrade according to apparent 
first-order kinetitx. Plots similar to Fig. 1 were obtained throughout 
the study when the logarithm of the penicillin concentration oersus 
time was plotted. As seen in Fig. 2, at  pH 7.0 and 45", sucrose 
accelerated the degradation of 0.01 hf penicillin solutions in 0.06 


1 Analyzed reagent..J. T.  Baker Chemical Co., Phillipsburg, N. J. * Analtcch, Inc., Wdmington, Del. 
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Figure 2-Eflect of su- 
crose on the apparent 
first-order mte consfant 
for various penicillins at 
pH 7.0, 45", in 0.06 M 
citmte buffer. Key: 0, 
potassium phenoxy- 
methyl penicfllin USP; 
a, potassium penicillin 
G USP; A,  ampicillin, 
anhydrous; 4 sodium 
dicloxacillin, monohy- 
dmte. 


1' 
00.02 0.04 0.08 0.12 0.16 


MOLES (SUCROSE) 


M citrate buffer. Potassium penicillin G, potassium phenoxymethyl 
penicillin, and sodium dicloxacillin showed a 3-S-fold increase in 
apparent firstsrder rate constant as the sucrose concentration was 
increased to 0.15 M. A significant but much smaller increase in the 
rate of degradation of ampicillin occurred in the presence of sucrose. 
The overall relationship between apparent first-order rate constant 
and sucrose concentration is nonlinear, although it approximates 
linearity for sucrose concentrations up to 0.03 M or 3 times the 
molar concentration of sucrose. 


The observed effect of sucrose was not due to trace metal catalysis 
caused by impurities. Highly purified sucrose was used in this study, 
and its effect on the rate of degradation of sodium dicloxacillin 
was identical in the presence or absence of 0.05% disodium edetate 
USP. 


TLC analysis of ampicillin solutions degraded in the presence 
and absence of sucrose (Fig. 3) indicated that sucrose has no effect 
on the degradation products. Several degradation products were 
observed in each solution. The R, values of these products were 
unchanged in the presence of sucrose. 


Schneider and de We& (10) speculated that the reaction between 
benzylpenicillii and a number of carbohydrates occurred by esteri- 


.... :.;.:*, 8 .;. . . :..:... .. _. t 


0 
I 


0 II 


.:..,.. ../ .i.. _. .. . . 8 .:;:s. 


0 
Ill 


Figure 3-TLC analysis of 0.01 M solutions of ampicillin, anhydrous, 
buffered at pH 7.0 with 0.06 M citrate. Key: I ,  preparation aged 6 
days at 45": 11, fresh preparation; and I l l ,  preparation with 0.029 M 
sucrose, aged 6 days at 45". 
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Table I-Comparison of Potency of Buffered Sodium 
Dicloxacillin Solutions Determined by Biological and 
Iodometric Assay 


No sucrose 
A 0.0253 0.0244 95 105 
B 0.0245 0.0250 96 101 
C 0.0249 0.0244 96 98 


Average 96 101 
With 2 M sucrose 


D 0.0247 0.0243 90 89 
E 0.0258 0.0236 87 84 
F 0.0263 0.0253 91 83 


Average 89 85 


fication of the potentiat acid group of the @-lactam. They noted that 
the penicilloyl-dextran conjugate separated by Sephadex chromatog- 
raphy showed no antibiotic activity by the Oxford cup assay. 
This observation supports their esterification hypothesis since 
biological activity is only present in penicillins when the @-lactam 
is intact (12). To determine if esterification was responsible for 
the observed effect of sucrose on penicillin (Fig. 2). an experilllent 
was run comparing biological activity to the iodometric assay re- 
sults for a series of buffered sodium dicloxacillin solutions aged 
for 7 days at 25". Three identical solutions (A, B, and C) were 
prepared using 0.025 M sodium dicloxacillin and citrate buffer. 
Three similar solutions (D, E, and F) which also contained 2 M 
sucrose were prepared. The biological and iodometric assay 
results for these solutions are presented in Table 1. In all cases the 
biological activity agrees well with the iodometric assay results. 
The retention of biological activity in the presence of sucrose indi- 
cates that a different interaction is occurring than the probabk 
esterifidon observed by Schneider and de We& (10). 


In addition, the rate of degradation of a pH 10 solution of 0.02 M 
potassium penicillin G at 45" in the presence of 0.29 M sucrose was 
determined by the pH-stat and iodometric! methods. The results 
obtained show good agreement between these two methods (Table 
II). At pH 10, where the possibility of ester formation would be 
most likely to occur, there is good agreement for the degradation 
of sodium dicloxacillin between the pH-stat and iodometric methods 
both in the presence and absence of sucrose. The agreement in the 
rate of degradation as determined by pH-stat titration, which rnea- 
sures the release of protons upon cleavage of the &lactam, and the 
iodometric assay, which is based on the consumption of iodine by 
the cleaved 6-lactam, indicates that penicillin in the presence of 
sucrose does not degrade through the formation of an intermediate 
ester. The presence of any significant amount of ester would give 
differences in the observed penicillin degradation rates between the 
pH-stat and iodometric methods. These results, therefore, further 
confirm the postulation that esterification of the penicillins is 
insignificant in these system. 


As seen in Fig. 1. no induction period or change in slope was 
noted during the kinetic studies. This observation, in addition to 
the nonlinear dependence of the apparent first-order rate constant 
on sucrose concentration (Fig. 2), suggests that the interaction is 
based upon an equilibrium such as occurs in complexation. The 


Table II-Compatison of Rate  of Penicillin Dewadation by 
pH-Stat and Iodometric Assay Techniques 


System 


Rate of Degradation, -&.-+ 
pH-Stat IOdOmetriC 


0.02 M sodium dicloxacillin 8 .9  X 10-1 8.8 X lo-* 


0.02 M sodium dicloxacihn 4.5 x lo-' 4.9 x lo-' 
monohydrate, pH 10 and 45O 


monohydrate with 0.29 M 
sucrose. PH 10 and 45" 







K 
penicillin + sucrose penicillinsucrose complex 


-4.0- 


-3.8 - 
-3.6 - 
-3.4- 


-3.2- 
-3.0- 
-2.8. 


-2.6- 


-2.4- 
g -2.2. 


k / .  


degradation products 


I 


Scheme I 


-2.2 - 
-2.0. 


-1.8 - 
-1.6. 


-1.4. 
d 


I 
e -1.2. 


2 -1.0. 
z 


-0.8. 


-0.6 - 


retention of biological activity indicates that the &lactam is intact 
in the presence of sucrose. The Rf values of the degradation products 
were identical in the presence or absence of sucrose. Based on these 
observations and the conclusion of Moss and Cole (9) and Schneider 
and de Weck (10) that a 1 : 1 reaction occurs between carbohydrates 
and penicillin, the model shown in Scheme I was selected as the 
simplest system that completely satisfies the experimental observa- 
tions; K is the equilibrium constant for the penicillin-suawc 
complex, and kf and k. are the apparent first-order rate constants 
for the delpadation of uncompkxed and complexed penicillin, 
respectively. 


The formation of a penicillin-sucrose complex as proposed by 
the kinetic model is supported by a recent study of the interaction 
of penicillin and guanosine (13). NMR studies showed that peni- 
cillin G interacts with guanosine in dimethyl sulfoxide by forming 
a binary hydrogen-bonded complex. The binding sites were shown 
to be the carboxylate and carbonyl groups in penicillin G and the 
NH and NHI groups of guanosine. Although no attempts were 
made in the present study to elucidate the structure of the proposed 
penicillin-sucrose complex, the hydroxyl g~oupa of sucrose may be 
able to act as hydrogen donors and form a binary hydrogen-bonded 
complex analogous to the penicillin-guanosine campkx. 


The compkxing behavior of pharmaceuticals with various other 
materials has been reported by numerous workers. In most previous 
reports discovered by the authors, complexation contributed favor- 
ably to the stability of the drug. The rate of hydrolysis of benzocaine 
was significantly reduced in the presence of caffeine (14). Chelate 
formation by boric acid stabilized epinephrine (15). Guttman (16) 
and Wadke and Guttman (17,18) demonstrated that molecular inter- 
actions can improve the stability of riboflavin and plated com- 
pounds. 


Although the effect of complex formation has been to inhibit the 
rate of reaction in pharmaceuticals, acceleration of the apparent 
rate also is possible and has been observ~J in the cyclohepta- 
arnylose-catalyzed hydrolysis of penicillin (19), the acetolysis of 
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Figure Clntemction between potassium penicillin G USP and 
sucmse. Plot based on equation of Connors and Mdl ica  (25). 
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Figure 5-Interaction between potassium phenoxymethyl penicillin 
LISP and sucrose. Plot based on equation of Connors and Mdl ica  (25). 


certain toluemsulfmates (20-23), and the racemization of optically 
active binaphthy1,donors (24): 


In the present study, the interaction between sucrose and peni- 
cillin was studied using the kinetic analysis for a 1 : 1 molar compkx 
developed by Connors and Mollica (25). This analysis makes no 
assumptions regarding the relative magnitude of kf and k,. They 
derived the following equation to describe the effect of the forma- 
tion of a l : l molar complex on the observed reaction rate : 


(Eq. 1) 


where k d  is the observed rate constant at any sucrose concentra- 
tion,and 411 - [1 - (kdkjll. 


The rate of degradation of uncomplexed penicillin was deter- 
m i d  in the absence of sucrose and confirmed by extrapolating 


1 1 kf i 


kf - k b a  qiiK(SUcrOSe) -k 


. .  
20 40 do So ioo izo 


l/(SUCROSE) 


blnteract ion 
between sodium diclox- 
acUlln, monohydrate, 
and sucrose. Plot bawd 
on equation of Connors 
and Mdlica (25). 
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Figure 7-Inferaction between ampicillin, anhydrous, and sucrose. 
Plot based on eyuafion of Connors and Mollica (25). 


the effect of sucrose on the observed rate constant to zero sucrose 
concentration. 


The rate of degradation of complexed penicillin was obtained 
from the intercept of a plot of [k l / (kf  -k.a)] uersus [l/(sucrose)] and 
the relationship between qll and k , /k f .  The equilibrium constant 
was calculated by dividing the intercept of this plot by the slope. 


The data in Fig. 2 are plotted in Figs, 4-7 for each penicillin 
according to the variables in Eq. 1. An excellent linear relationship 
is obtained for potassium penicillin G (Fig. 4), potassium phenoxy- 
methyl penicillin (Fig. 5),  sodium dicloxacillin (Fig. 6), and ampi- 
cillin (Fig. 7). The excellent agreement between the experimental 
data and the behavior predicted by Eq. 1 also supports the kinetic 
model based upon the formation of a 1 : 1 molar complex. The 
oquilibrium constant, kf, and k. were calculated from Figs. 4-7 
and are given in Table 111. 


The data indicate that the cqmplexed penicillin degrades 5-6 
times as fast as the uncomplexed penicillin and results in an in- 
creased overall rate of degradation. These results indicate that the 
sucrose-penicillin Complex that forms is degraded by the same 
mechanism, regardless of the penicillin tested. The differences in 
overall rate constants, however, are due to the differences in the 
equilibrium constants for the penicillins. The relatively high equi- 
librium constant obtained for sodium dicloxacillin was consistent 
with the strong effect of sucrose on the observed rate constant. 
Ampicillin, whose observed rate constant was only sli8htly affected 
by sucrose, had a very low equilibrium constant. indicating a much 
lesser degree qf complexation. If the penicillinsucrose complex has 
a structure analogous to the penicillin-guanosine complex, then 


Table III-Kinetic Parameters for Penicillin-Sucrose Complexes 
at  pH 7.0,45", in 0.06 M Citrate Buffer 


kf x k, x 
K, 10' 10' 


I./mole hr.-l hr.-1 kJk, 


Potayiumphenoxymethyl 11.5 2.7 17.0 6.3 


Potassium penicillin G USP 6.6 4.6 26.6 5.9 
Ampicillin, anhydrous 1.5 6 .1  38.1 6 .2  
W u m  dicloxacillin, 15.5 5.2 25.4 4.9 


pemcdhn USP 


monohydrate 


the presence of the amine group in the ampicillin side chain, which 
is unique with ampicillin, may interfere with complex formation 
due to stearic or charge factors. Tutt and Schwartz (19) also ob- 
served that the &ect of cycloheptaamylose on the hydrolysis of 
penicillin was dependent on the structure of the penicillin side chain. 


The present study offers a unique example of a drug that is less 
stable in the complexed form. The complexes between penicillin 
and sucrose appear to form instantly. No induction period or change 
in the rate of degradation was observed in any case. Complexation 
thus appears to  occur between the intact penicillin molecule and 
sucrose. Degradation of the complexed and uncomplexed penicillin 
then occurg by the usual pathway and results in an increased rate 
of degradation. 
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Effect of Selected Amino Acids on 
Ethanol Toxicity in Rats 


RUDOLPH J. BREGLIA*, CHARLES 0. WARD*., and CHARLES I. JAROWSKIT 


Abstract 0 The effects of L-lysine, L-arginine, L-ornithine, and 
glycine on acute ethanol intoxication, and the degree of ethanol- 
induced CNS depression, were investigated. Amino acid treatment 
was showp to prolong the onset of ataxia, reduce the duration of 
sleeping time, and decrease the number of rats losing the righting 
reflex, but it did not alter the LDsp values in response to ethanol. 
The protective actions of the amino acids are attributed to the 
formation of an amino acid-acetalaehyde complex, although other 
possible interactions are discussed. ’ 


Keyphrases 0 Ethanol toxicity-effect of amino acids, rats 0 
Amino acids-effect on ethanol toxicity, rats 0 CNS depression, 
ethanol in@ced--effect of amino acids, rats 0 Toxicity, ethanol- 
effect of amino acids, rats 


The effect of amino acids on the concentration and 
rate of disappearance of ethaqol from the blood was the 
subject of the investigations of Schiller et al. (1, 2). 
After simultaneous administration of 120 ml. p.0. of eth- 
anol (50% v/v) together yith an amino acid-dextrose 
mixture (protein hydrolysates’), given intravenously to 
chronic alcoholics without hepatic dysfunction or 
nutritional deficiency, ethanol utilization curves showed 
that the amino acid mixture significantly decreased the 
maximum blood ethanol levels obtained and acceler- 
ated the rate of disappearance of ethanol from the 
blood. The activity of the amino acid-dextrose mixture 
was confirmed in an in vitro preparation of rat liver 
slices incubated with ethanol; while the specific amino 
acids responsible for these effects could not be identified, 
these experiments indicated that they contain four 
carbons or less. 


Alanine has been shown to follow the pattern re- 
ported for pyruvate in increasing the disappearance of 
ethanql from the blood (3, 4). This is presumed to be 
the result of transformation of alanine to pyruvate, a 


1 Aqinosol, Abbott Laboratories, Inc., North Chicago, Ill. 


Kreb’s cycle intermediate which is thought to accel- 
erate the disappearance of ethanol by increasing its 
aerobic metabdism (5). 


When glycine or alanine was administered orally 
simultaneously with 15 g. of ethanoI to dogs, the maxi- 
mum concentration of ethanol appearing in the blood 
was lower than the control group (6, 7). The author 
concluded that the disappearance of ethanol must take 
place during absorption (6) and that a stable compound 
of ethanol and the amino acids may be formed to  ac- 
count for the decrease in the concentration of ethanol 
in the blood (7). 


The nature of dietary protein fed to rats which were 
given a constant volume (4.0-6.6 g./kg.) of 40 ethanol 
four times weekly for 16 months was found to  be re- 
lated to the ability to reduce the degree of inebriation 
and the numbers of deaths due to  ethanol toxicity (8). 
In this study, egg protein was the most effective while a 
mixture of peanut meal and soy protein was the least 
effective in reducing the toxic and CNS depressant 
effects of ethanol. It was concluded that the protective 
effects of the dietary proteins were not related to an 
effect on the rate of ethanol absorption or the emptying 
time of the stomach but were due to  differences in 
ethanol utilization once it was absorbed. 


Jarowski and Ward (9) reported that 30 min. of pre- 
treatment with L-tryptophan (165 mg. i.p.) before a 2- 
g./kg. i.p. dose of 95% ethanol in unfasted rats pro- 
duced a significant potentiation of the acute depressant 
effects of ethanol as measured by changes in the LD50, 
sleeping, and immobility times. The fasting essential 
amino acid profile of blood plasma, which has been 
useful in predicting the relative dietary value of pro- 
teins (lo), was determined in that study and served as a 
basis for the use of L-tryptophan supplementation (9). 
In the fasting essential amino acid profile of blood 
plasma, the concentrations of amino acids in the plasma 
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of fasting rats indicate which essential amino acid is the 
limiting amino acid (present in lowest Concentration) 
and also which amino acid would be most appropriate 
to supplement i n  an attempt to affect drug toxicity (10). 


Other data originating in this laboratory showed that 
there was a slight elevation of the LDSo of ethanol after 
rats had been fed a diet supplemented with L-lysine 
and/or L-tryptophan. 


Mueller et al. (1 l), using a model based on the per- 
formance of a trained rat, were able to quantify and 
differentiate ethanol-induced changes in the behavioral 
performance of rats. The effect of ethanol on the “num- 
ber of shocks not terminated” was inhibited by D,L- 
threonine, L-methionine, and D,L-glutamine. 


Hakkinen and Kulonen (12) found that simultaneous 
administration of 1.67 g./kg. p.0. of L-glutamine abol- 
ished the symptoms of intoxication produced by a 4.3- 
g./kg. dose of ethanol (33z v/v) in fasted rats. In a 
similar study, Forney el al. (13) demonstrated a signifi- 
cant potentiation of the depressant action of ethanol 
(4 g./kg. p.0.) following a 1- or 4-hr. pretreatment with 
1 g./kg. S.C. of L-asparagine, as indicated by prolonged 
sleeping and immobility times. 


Significant reduction in the depressant action of 
ethanol ( 3 0 x  v/v) after a 30-min. pretreatment with 
L-lysine (2.5 g./kg. i.p. or p.0.) was reported by Ward 
et al. (14). When ethanol, 3.6 g./kg., and L-lysine were 
given orally, there was a complete abolition of the 
hypnotic effect of ethanol; when both drugs were ad- 
ministered intraperitoneally, there was a 65 z reduction 
in sleeping time. Furthermore, the LDS0 of ethanol 
(30 z v/v, intraperitoneally or orally) was slightly ele- 
vated by pretreatment with a 2.5-g./kg. dose of L-lysine. 


Acetaldehyde, the toxic metabolite of ethanol, was 
shown (15) chromatographically to combine rapidly 
with the amino group of certain amino acids. The rate 
and extent of this reaction were dependent on the nature 
of the amino acid and the pH of the reaction medium. 
Arginine reacted most rapidly, followed by glycine, 
lysine, and ornithirie. Reactive carbonyl groups, in 
compounds such as acetaldehyde, are thought to com- 
bine with the undissociated amino groups of the amino 
acids (16). Of the essential amino acids, lysine has 
the greatest ratio of amino groups in undissociated form 
available for reaction with acetaldehyde (1 6) .  


The purpose of this investigation was to determine 
whether the oral administration of selected amino acids, 
before or concurrently with ethanol, has a protective 
action against the acute toxicity and CNS depression 
produced by ethanol in rats. 


EXPERIMENTAL 
Adult male and female (125-150 g.) Sprague-Dawley rats, ap- 


proximately 2 months old, were employed for all experimental 
procedures. The animals were kept in the animal quarters for 1 
week after shipment to allow them to become acclimated. During 
this period the animals were fed a standard laboratory animal diet 
and tap water ad libitum. On the day prior to use, the animals were 
inspected for disease and diseased animals were discarded. 


Aqueous solutions of the following amino acids2 were prepared 
just prior to use: L-lysine hydrochloride, L-arginine hydrochloride, 
L-ornithine hydrochloride, glycine hydrochloride ( 10 and 20% 
w/v), sodium chloride USP (0.9 Z), and alcohol USP (ethanol 95 x). 


* All amino acids were water-soluble monohydrochloride salts, Sigma 
grade, Sigma Chemical Co., St. Louis, Mo. 


Stock solutions of ethanol in distilled water (37.8 and 50.4% by 
volume) were prepared and standardized by specific gravity deter- 
mination according to the method of Thor et al. (17). The choice 
and use of these particular percentages of ethanol were based on 
two considerations: to parallel human consumption and to keep 
the injected volume below 6 ml. According to Gillespie and Lucas 
(18), administration of ethanol (60% by volume) to  rats resulted in 
a negligible amount of damage to the gastric and intestinal mucosa. 
All injections, both of ethanol and amino acid solutions, were made 
by intubation with curved animal feeding needles. A modified 
“rotarod” was constructed to determine the forced coordinated 
motor ability of rats (19). 


Twenty-four hours before all experimentation, animals were 
randomly chosen, caged separately (to prevent cannibalism), and 
deprived of food (tap water ad libitum). To ensure a uniform rate 
of absorption of the test preparations, animals were fasted for 24 
hr. Each animal was used only once, and each experiment was 
intiated at the same time every day throughout the testing period. 


The effect of selected amino acids on ethanol toxicity was ascer- 
tained by two distinct procedures, with all treatments given orally. 


Seventy-Two-Hour LDM as a Measure of Acute Toxicity-Acute 
toxicity measurements by LDeo determinations, for all treatments 
described here, were carried out with 10 fasted Sprague-Dawley 
rats (five males and five females per group) and a total of six groups 
per LDso determination. Ethanol dose levels ranged from 6 to 
16 g./kg. where applicable. The number dead at 72 hr. was counted 
and analyzed by the method of Litchfield and Wilcoxon (20). 
Ethanol (50.5 


The treatments given can be divided into three distinct series as 
follows. 


Pretreatment with Amino Acid before E~haiiol Admiiiistrutioli- 
The amino acid solution was administered at two dose levels 30 min. 
before ethanol. The dosages of the amino acids employed were: 
L-lysine, 120 mg./kg. and 2.5 g./kg.; L-arginine, 140 mg./kg. and 
2.31 g./kg.; glycine, 73 mg/kg. and 1.53 g./kg.; and L-ornithine, 
111 mg./kg. and 2.31 g./kg. The L-arginine, L-ornithine, and glycine 
dose levels are equimolar to the low and high dose levels of L- 
lysine to which they correspond. The dose of 120 mg./kg. of L- 
lysine was equal to two times the minimum daily requirement for 
the adult rat (21); the dose of 2.5 g./kg. was recommended by re- 
sults from previous work (14). Saline controls of 1.3 ml./kg., cor- 
responding to the volume of the low doses of the amino acids, and 
13.3 ml./kg., corresponding to the volume of the high doses of the 
amino acids, were tested simultaneously. The concentrations of the 
amino acid solutions (in distilled water) used for low and high 
dosages were 10 and 20% (w/v), respectively, to keep the volume of 
solution to a minimum. 


Administrutioii of Amino Acid-Ethanol Solittiom-The amino 
acid-ethanol solution was formulated to deliver the dose of amino 
acid and ethanol required simultaneously. The doses of the amino 
acids employed were equal to the low doses already described. 
Administration of ethanol alone served as the control for this series 
of experiments. 


Admiuistration of Amino Acids Alone for LD r,D Determiimtio!l- 
Amino acid solutions (in distilled water) were administered to 
demonstrate the acute toxicity of the individual amino acids. The 
concentrations were varied to keep the injected volume below 6 ml. 


Evaluation of Degree of Intoxication after Ethanol Treatment- 
The degree of intoxication for all treatment groups, described below, 
was evaluated using 10 fasted rats (five males and five females) per 
group. Ethanol (37.8% by volume) was given at  a dose level of 6 
g./kg. p. 0. either as a single or a divided dose. 


The statistical analysis, Student’s t test, of intoxication was based 
on the following neurological parameters: 


1 .  Ataxia-This was defined as the inability to maintain posi- 
tion by using four-leg motor coordination for one revolution of the 
modified “rotarod.” Each animal was subjected to this test in- 
dividually throughout the experimental period, unless unconscious 
(19). A normal rat can maintain its equilibrium for an indefinite 
period (19), and a short training period of three to four trials was 
added to ensure uniform response (22). 


2. Sleepittg Time-This was defined as the total elapsed time 
from the initial loss of righting reflex to its return without remission 
(13). The righting reflex was said to  be lost when the animal was 
placed on its back and did not immediately right itself fully. 


The treatments given can be divided into four distinct series 
as follows. 


by volume) was used throughout this procedure. 
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Single-Dose Administration of Ethanol with Amino Acid Pretreat- 
rneirt-Amino acid solutions were administered at two dose levels 
30 min. before the ethanol dose of 6 g./kg. The doses of amino 
acids and associated controls were equal to the low and high doses 
previously described. 


Siiigle-Dose Admiiiistrutioii of Amino Acid-Etlranol Solution- 
The amino acid-ethanol solution was formulated to deliver the 
required dose of amino acid and 6 g./kg. of ethanol simultaneously. 
The dosages of amino acids employed were equal to  the low doses 
already described. The administration of G g./kg. ethanol alone 
served as the control group for these experiments. 


Serial Adniiiiistr-utiori of Etlimiol with Amino Acid Prctreutment- 
Ethanol was administered in three equally divided doses, 2.0 g./kg. 
per dose (total of 6 g./kg.), at 15-min. intervals. The amino acid 
solutions were administered at two dose levels 30 min. before the 
first ethanol dose. The doses of amino acids and associated controls 
were equal to the low and high doses previously described, 


Serial Administration of Amino Acid-Eihanol Solution-The 
amino acid-ethanol solution used was formulated to deliver the 
required dose of amino acid and ethanol simultaneously (6 g./kg. 
total) in three equally divided doses at 15-min. intervals. The doses 
of amino acids employed were equal to the low doses already 
described. The administration of ethanol in divided doses served as 
the control for these experiments. 


Evaluation of Toxicity of Amino Acids-Amino acid solutions 
were administered at two dose levels, as previously described, with 
no ethanol treatment. The concentrations of the amino acid solu- 
tions used for the low and high dosages were 10 and 20% (w/v), 
respectively. The rats were then subjected to the same neurological 
tests for signs of pharmacological effect. 


pH Controls for Amino Acid Pretreatment-In this series of 
experiments, hydrochloric acid buffer solution3 (pH 1.2) and phos- 
phate buffer solution3 (pH 5.8), which were equivalent to the pH 
of the corresponding amino acid solutions (20% w/v), were given 
at  the same dose level as the saline (volume) controls (13.3 ml./kg.) 
for the high dose amino acid pretreatment before the single and 
divided ethanol doses. Amino acid solutions (20x  w/v) were found 
to have the following pH values: glycine hydrochloride, 1.2; L- 
lysine hydrochloride, 5.8; L-arginine hydrochloride, 5.7; and L- 
ornithine, 5.8. The buffer solutions were administered 30 min. 
prior to the single or divided ethanol dose (6 g./kg.), after which the 
degree of intoxication was determined as previously described. 


RESULTS 


Determinations of Acute Toxicity-There was no significant al- 
teration of the LDjo for ethanol (50.4% by volume) with either pre- 
treatment or simultaneous administration of the amino acids. For 
the concentration and route of administration of ethanol used in 
this study, the LDSo values obtained (Tables I and 11) are in agree- 
ment with a previously published LD50 range following ethanol 
administration (23). In chronological order (earliest first), the 
following signs of ethanol intoxication were observed in all groups 
after ethanol administration: ataxia, decreased muscle tonus, 
bradypnea, decreased spontaneous activity, hind-leg paralysis, 
loss of righting reflex, loss of corneal reflex, loss of pinna reflex, 
and death. The rapidity, intensity, and number of these signs of 
acute intoxication to which the animals responded were dose related. 
When an animal recovered, the process was very gradual with the 
animal reversing the above-mentioned sequence. The sequence 
described is similar to observations made by other investigators 
(8,24). 


When rats were treated with amino acids alone, all of the amino 
acids were found to  be without pharmacological effect at the doses 
employed for pretreatment or simultaneous administration in the 
ethanol LDS0 determinations. At high dosages of the amino acids, 
some signs of toxicity did appear such as ataxia, dyspnea, decreased 
muscle tonus, and loss of righting reflex, Toxicity signs were first 
observed for each amino acid at  the following doses: glycine 
hydrochloride 2.5 g./kg.; L-lysine hydrochloride, 8 g./kg.; L- 
ornithine hydrochloride, 9 g./kg.; and L-arginine hydrochloride, 11 
g./kg. When the LD50 values for the four amino acids used in this 
study were calculated by the method of Litchfield and Wilcoxon 
(ZO), the results were as follows (g./kg.): L-lysine hydrochloride, 


Table I-Effect on Amino Acid Pretreatment on Acute Ethanol 
Toxicity in Rats 


~ 


LDso of Ethanola, 
Dose g./kg. Drug Treatment 


L-Lysine hydrochloride 120 mg./kg. 9.50 f 0.78 
L-Lysine hydrochloride 2.50g./kg. 11.20 =k 1.86 
L-Arginine hydrochloride 140 mg./kg. 9.70 f 0.61 
L- Arginine hydrochloride 2.88g./kg. 10.00 f 1.67 
L-Ornithine hydrochloride 11 1 mg./kg. 10.21 f 1.30 
L-Ornithine hydrochloride 2.31 g./kg. 10.05 f 1 .41 
Glycine hydrochloride 73 mg./kg. 8 . 4 0 A  1.12 
Glycine hydrochloride 1.53 g./kg. 9.20 f 0.80 
Saline control 1.3 ml./kg. 10.00 =t 0.83 
Saline control 13.3 ml./kg. 10.15 f 1.16 


Q Dead animals per gfoup counted at 72 hr. after drug administration. 
No difference in mortality between males and females was noted. 


10.13 5 0.97; L-arginine hydrochloride, 12.40 & 0.61; L-ornithine 
hydrochloride, .10.27 f 0.070; and glycine hydrochloride, 3.34 f 
0.65. 


Degree of Intoxication-Any delaying of the onset of ataxia and/or 
shortening of the subsequent sleeping time by an agent can be 
seen as a protective action from the tffects of acute ethanol in- 
toxication (14, 22). The term used to express the delay or pro- 
longation of the onset of ataxia was “protection factor,” and that 
used to express the shortening of sleeping time was “percentage of 
reduction of sleeping time.” 


The mean time for onset of ataxia for different groups (Tables 
111-VI) was compared by the number of times the elapsed time for 
the onset of ataxia of the test group was greater than the elapsed 
time for the onset of ataxia of the control group (protection factor) 
(Tables VII and VIII). For the purpose of this comparison, only 
significant ( p  < 0.05) changes due to amino acid treatment were 
considered. 


Pretreatment with all of the amino acids a t  the higher dosage 
level, when ethanol was administered as a single dose, resulted in 
significant prolongation of the onset of ataxia, with L-lysine pro- 
longing it most, followed by glycine, L-arginine, and L-ornithine. 
The single-dose administration of the L-arginine-ethanol solution 
showed a sevenfold increase in the onset of ataxia. The responses 
for all amino acid treatments with serial administration were similar, 
with the exception of the glycine-ethanol solution treatment. The 
protection factors were higher for the high dose pretreatment than 
for the low dose pretreatment of amino acids, but protective factors 
for the low dose simultaneous administration of L-lysine and L- 
arginine were higher than either the low or high pretreatment dose of 
L-lysine or L-arginine (Table VIII). The protective factor was usually 
indicative of the subsequent degree of depression due to acute 
ethanol intoxication. 


Significant reduction in the sleeping time and a decrease in the 
number of rats responding characterized the groups receiving the 
high dose pretreatment with amino acids when ethanol was 
administered as a single or divided dose (Tables IX-XII). There 
was almost a complete abolition of the sleeping time after 
glycine (1.53 g./kg.) pretreatment with single-dose administration of 
ethanol. The other high dose pretreatments with amino acids showed 
large and uniform responses in the reduction of sleeping time 


Table 11-Effect of Simultaneous Administration of Amino 
Acid-Ethanol Solution on Acute Ethanol Toxicity 


Dose of 
Amino 
Acids, LD5o of Eth- 


Drug Treatment mg./kg. anol”, g./kg. 


L-Lysine hydrochloride 1 20 10.15 f 2.05 
L-Arginine hydrochloride 140 10.05 f 1.32 
L-Ornithine hydrochloride 111 10.05 f 0.96 
Glycine hydrochloride 73 10.10 f 1.42 


- 10.10 It 1.09 Ethanol control 


3 See “The United States Pharmacopeia,” 17th rev., Mack Publishing 
Co., Easton, Pa., 1965, p. 913. 


a Dead animals per group counted at 72 hr. after drug administration. 
No difference in mortality between males and females was noted. 
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Table 111--Onset of Ataxia with Amino Acid Pretreatment 
before Single-Dose Administration of Ethanol 


Table V-Onset of Ataxia with Amino Acid Pretreatment 
before Serial Administration of Ethanol 


Mean Onset" P 
Treatment Dose of Ataxia, min. Valueb 


~~~ ~~ ~~ ~~ ~ ~ 


Mean Onseta P 
Treat men t Dose of Ataxia, min. Valueh 


I.-Lysine 
hydrochloride 


L-Lysine 


L- Arginine 


L-Arginine 


L-Ornithine 


L-Ornithine 


Glycine 


Glycine 


Saline 
Saline 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


120 mg./kg. 


2.50 g./kg. 


140 mg./kg. 


2.88 g./kg. 


111 mg./kg. 


2.31 g./kg. 


73 mg./kg. 


1 .53 g./kg. 


1 .3  ml./kg. 
13.3 ml./kg. 


5.05 f 0.18 


74.76 rt 7.85 


8.23 f 3.27 


30.98 f 5.29 


13.25 f 6.05 


23.49 rt 6.44 


3.56 rt 0.23 


68.61 f 10.06 


3.06 =k 0.32 
6.47 f 1.50 


0 .5  


0.001 


0 . 2  


0.0001 


0 . 2  


0.02 


0 .3  


0.001 


a Onset of ataxia values (min. ) kSE. * p value < 0.05 was significant. 


whether ethanol was administered as a single or divided dose. 
L-Arginine was the only amino acid which, when given (140 mg./ 
kg.) before a single dose of ethanol as a low dose, resulted in a 
significant reduction of sleeping time. However, this reduction was 
not apparent in the low dose pretreatment of arginine when the 
ethanol was administered serially. L-Lysine and L-arginine were the 
only amino acids that had a significant reduction in sleeping time 
when given simultaneously with serial administration of ethanol 
(Table VIII). Thus, significant antagonism of the intoxicating ef- 
fects was found upon treatment with L-lysine (120 mg./kg.) and 
L-arginine (140 mg./kg.), but these results were more variable than 
the results obtained with the respective high doses of these amino 
acids. 


The amino acid controls for each amino acid administered demon- 
strated that no acute toxicological effects in this experimentation 
were due to the administration of amino acids alone. 


Saline (volume) controls were used as the basis for comparison 
for amino acid pretreatment in all tables. The pH controls were 
found not to be significantly different from the saline (volume) 
controls in the degree of intoxication produced by 6 g./kg. of 
ethanol. 


DISCUSSION 


In the LDS0 determinations, amino acid treatment did not demon- 
strate any antagonism to the acute toxic effects of ethanol. This 
lack of protective action of the amino acids could be due to  the 
inhibition of the absorption of amino acids with an increasing con- 
centration of ethanol present in the GI tract (25) or to  the rapid 
CNS effects of ethanol on vital cortical centers due to  rapid absorp- 
tion (26). Since amino acid pretreatment was not effective in elevat- 


Table IV- Onset of Ataxia after Singe-Dose Administration of 
Amino Acid-Ethanol Solution 


L-Lysine 


L-Lysine 


L- Arginine 


L- Arginine 


L-Ornithine 


L-Ornithine 


Glycine 


Glycine 


Saline 
Saline 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


120 mg./kg. 


2.50 g./kg. 


140 mg./kg. 


2.88 g./kg. 


111 mg./kg. 


2.31 g./kg. 


73 rng./kg. 


1.53 g./kg. 


1 . 3  ml./kg. 
13.3 ml./kg. 


25.10 + 4.89 


56.40 & 4.81 


26.76 f 1.70 


66.32 f 9.46 


19.06A 1.58 


57.50 -L- 11.20 


34.67 f 3.78 


89.82 f 6.71 


12.34 =t 1.54 
19.13 f 1.90 


0.05 


0.001 


0.001 


0.001 


0.01 


0.01 


0.001 


0.001 


a Onset of ataxia values (min.) f SE. * p  value < 0.05 was significant. 


ing the LDso of ethanol, it seems apparent that the absence of 
antagonism was probably due to the rapid absorption of large 
doses of ethanol which could mask any detoxicant actions of the 
amino acids. 


Ward et ul. (14) reported a slight elevation of the oral LDso of 
ethanol (30% by volume) after pretreatment with L-lysine hydro- 
chloride (2.5 g./kg. orally). In the present investigation, the per- 
centage of ethanol used for all LDao determinations was 50.4% by 
volume, which is known to  be more toxic (27) than ethanol (30% 
by volume) used in the former report (14). Thus, amino acid treat- 
ment appears t o  be somewhat limited in preventing the acute toxic 
effects of ethanol. 


After experimentation with dogs using simultaneous oral ad- 
ministration of either glycine (8.0 g./kg.) or alanine (3.0 g./kg.) and 
ethanol (5.5 g./kg.), Widmark (6) concluded that an amino acid- 
ethanol complex is formed with the subsequent reduction of ethanol 
absorption. The formation of this complex would explain the low 
peak of ethanol blood levels and the rapid disappearance of ethanol 
from the blood after amino acid treatment observed in his study. 


After simultaneous oral administration of glycine (0.5 g./kg.) and 
ethanol (1.0 g./kg.) t o  rats, Haggard and Greenberg (28) also re- 
ported the same reductions in blood ethanol concentration (6). 
These authors concluded that glycine caused a prolonged retention 
of ethanol in the stomach and that this delay in absorption resulted 
in the metabolism of ethanol almost as quickly as it was absorbed. 


In these investigations (6, 28), no determinations of the degree of 
ethanol intoxication were made; but because the depressant effects 
of ethanol are related to blood ethanol levels (261, a reduction in 
CNS depression would be an expected result with the alterations in 
blood ethanol concentration described. 


In the present investigation, pretreatment with L-lysine (2.50 
g./kg.), L-arginine (2.88 g./kg.), L-ornithine (2.31 g./kg.), and 


Table VI-Onset of Ataxia after Serial Administration of Amino 
Acid-Ethanol Solution 


~ 


Dose of 
Amino 
Acid, Mean Onseta of 


Treatment mg./kg. Ataxia, min. p Valud 


Dose of 
Amino 
Acid, Mean Onseta 


Treat ment mg./kg. of Ataxia, min. p Valueb 


L-Lysine 1 20 4.92 i 0.72 0 . 2  
hydrochloride 


L-Arginine 140 23.16 f 7.60 0.02 
hydrochloride 


hydrochloride 


hydrochloride 


L-Ornithine I l l  3.77 ZL 0.34 0 . 2  


Giycine 73 2.62 i 0 . 2 2  0 .1  


Ethanol control - 3.19 zk 0.20 - 
Onset of ataxia values (min.) f SE.  b p  value < 0.05 was significant. 


L-Lysine 120 39.07 f 3.85 0.001 


L- Arginine 140 52.63 f 7.21 0.001 


L-Ornithine 111 24.14 -Ir 2.54 0.02 


Glycine 73 18.47 =k 3 04 0 . 2  


Ethanol control -_ 11.98 f 3.49 - 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


a Onset of ataxia values (rnin.) f SE. b p value < 0.05 was significant. 
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Table VII-Effect of Amino Acid on Ethanol-Induced Ataxia 
and Sleeping Time with Single-Dose Administration of Ethanol 


Table VIII-Effect of Amino Acids on Ethanol-Induced Ataxia 
and Sleeping Time with Serial-Dose Administration of Ethanol 


Per- 
centage 
Reduc- 
tion of 


Protection Sleeping 
Amino Acid Dose Factop Tim& Amino Acid 


Per- 
centage 
Reduc- 
tion of 


Protection Sleeping 
Dose Factor= Tim& 


L-Lysine 


L-Lysine 


L-Lysine 


L-Arginine 


L- Arginine 


L-Arginine 


L-Ornithine 


L-Ornithine 


L-Ornithine 


Glycine 


Glycine 


Gl ycine 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


120 mg./kg.c 


2.50 g./kg.C 


120 mg./kg.e 


140 mg./kg." 


2.88 g./kg.' 


140 mg./kg." 


1 1  1 mg./kg." 


2.31 g./kg.c 


1 1 1  mg./kg." 


73 mg./kgc 


1 . 5 3  g./kg.' 


73 mg./kg." 


NSd 


11.55  


NS 


NS 


4.79 


7.26 


NS 


3.63 


NS 


NS 


10.62 


NS 


NSd 


60.05 


NS 


58.27 


43.72 


NS 


NS 


51.51 


NS 


NS 


98.96 


NS 


~ ~~ ~ 


Q Protection factor is the number of times onset of ataxia time for 
test group is greater than onset of ataxia for control group. b Percentage 
reduction of sleeping time = 100% - percentage of control sleeping 
time. c Amino acid pretreatment. dNS = not significant because p 
value > 0.05. e Simultaneous administration. 


glycine (1.53 g./kg.) before the single and serial administration of an 
ethanol dose (6 g./kg.) resulted in a significant reduction in sleeping 
time, a prolongation of the onset of ataxia, and a decrease in the 
number of animals losing the righting reflex. Glycine demonstrated 
the greatest reduction in sleeping time (98 %), while the other three 
amino acids reduced the sleeping time 50-60x. Ward et al. (14), on 
the other hand, demonstrated a complete prevention of sleeping 
time with L-lysine pretreatment (2.5 g./kg. p.0.) before a single in- 
toxicating dose of ethanol (4.3 g./kg. p.0.). If a comparison were 
made between their results and those reported in this investiga- 
tion, it would seem that there was less antagonism to ethanol in- 
toxication in the latter report. But this might not be so, because the 
toxicity of ethanol is known to increase with an increase in the con- 
centration and/or dose of ethanol (27). 


Schiller ef al. (1) demonstrated, in humans, that there is a decrease 
in maximum ethanol blood levels and an increase in the disappear- 
ance of ethanol from the blood after simultaneous administration 
of ethanol orally and an amino acid mixture intravenously. Thus, 
by separation of the routes of administration of amino acids and 
ethanol, it becomes apparent that there might be a direct systemic 
reduction of ethanol blood levels rather than a reduced absorption 
of ethanol in response to amino acids. This direct antagonism could 
take the form of either an increase in the metabolism of ethanol by 
amino acids or a complex formation between amino acids and 
ethanol or one of its metabolites. Several investigations (1, 6, 28) 
showed that ethanol metabolism is unaffected by amino acids, so 
the latter explanation seems most plausible. 


Westerfeld and Schulman (29) suggested that: " . . . the chem- 
ically reactive acetaldehyde could combine with amino groups (of 
amino acids, in oiuo) and alter some biochemical function." Beck 
et al. (30) also suggested that acetaldehyde may react (in uiuo) with 
amino acids and demonstrated that these reaction products produce 
cortical stimulant activity in rabbits. 


Robert and Penaranda ( I  5 )  demonstrated that acetaldehyde, the 
primary metabolite of ethanol, combines rapidly in uitro with amino 
acids. The combination of acetaldehyde and arginine is the most 
rapid, followed by glycine, lysine, and ornithine. 


It is unknown whether acetaldehyde contributes to the CNS 
depression due to ethanol intoxication, but there are indications 
that acetaldehyde potentiates the CNS actions of ethanol (31). 


L-Lysine 120 rng./kg.c 2.03 NSd 


~-Lysine 2.50 g./kg.c 2.95 55.38 


L-Lysine 120 mg./kg." 3.26 11.08 


L- Arginine 140 mg./kg." 2.17 NS 


L- Arginine 2.88 g./kg.o 3.47 56.17 


L-Arginine. 140 mg./kg." 4.39 39.22 


L-Orni t hine 111 mg./kg.c 1.54 NS 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


L-Ornithine 2.31 g./kg.C 3.01 61.15 


L-Ornithine 111 mg./kg.e 2.02 NS 


Gl ycine 73 mg./kg.c 2.81 NS 
hydrochloride 


Glvcine 1 . 5 3  a.1kg.C 4.70 64.57 _ .  - 
hydrochloride 


hydrochloride 
Glycine 73 mg./kg." NS NS 


a Protection factor is the number of times onset of ataxia time for test 
group is greater than onset of ataxia for control group. b Percentage 
reduction of sleeping time = 100% - percentage, of control sleeping 
time. c Amino acid pretreatment. d NS = not significant because p 
value > 0.05.6 Simultaneous administration. 


Therefore, the combination of acetaldehyde with amino acids could 
reduce the degree of intoxication produced by ethanol. 


Pretreatment with relatively high doses of amino acids, as done 
in the present investigation, would be expected to increase the con- 
centration of circulating free amino acids available for combination 
with acetaldehyde and would be the reason why all the amino acids 
(in this investigation) were effective agents in reducing the depressant 


Table IX-Sleeping Time with Amino Acid Pretreatment before 
Single-Dose Administration of Ethanol 


Per- 
cent- 
age 
of 


Rats 
Re- 


Treat men t Dose Time4, min. Valueb ing 
Mean Sleeping p spond- 


L-Lysine 120 mg./kg. 
hydrochloride 


2.50 g./kg. L-Lysine 


L- Arginine 


L- Arginine 


L-Ornithine 


L-Ornithine 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


40 mg./kg. 


2.88 g./kg. 


1 1  mg./kg. 


2.31 g./kg. 


Glycine 73 mg./kg. 


Glycine 1 . 5 3  g./kg. 


Saline 1 . 3  ml./kg. 
Saline 1 3 . 3  ml./kg. 


hydrochloride 


hydrochloride 


179.32 f 53.7 0 . 3  


159.87 f 40.8 0.001 


116.56 f 48.3 0.05 


224.10 f 5 0 . 3  0.01 


118.20 =!I 58.7 0.1 


193.77 f 46.1 0.001 


293.15 f 16.9 0 . 9  


4.12zt 3.2 0.001 


278.03 f 58.7 - 
398.98 f 17.0 - 


80 


80 


50 


70 


40 


70 


90 


20 


80 
100 


a Sleeping time values (min.) fSE. b p  value < 0.05 was significant. 
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Table X-Effect of Amino Acid Pretreatment on Sleeping Times 
Produced by Serial Administration of Ethanol 


Per- 
cent- 
age 
of 


Rats 
Re- 


Treatment Dose Timea, min. Valueb ing 
Mean Sleeping p spond- 


~~~ 


L-Lysine 


L-Lysine 


L-Arginine 


L-Arginine 


L-Ornithine 


L-Ornithine 


Glycine 


Glycine 


Saline 
Saline 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


~ 


120 mg./kg. 


2.50 g./kg. 


140 mg./kg. 


2.88 g./kg. 


1 1  1 mg./kg. 


2.31 g./kg. 


73 mg./kg. 


1 .53 g./kg. 


1 . 3  ml./kg. 
13.3 rnl./kg. 


299.51 3~ 42 .2  0 . 7  


170.05 f 42.5 0.001 


293.39 f 30.9 0 . 6  


167.89 f 51.6 0.01 


284.26 f 51.0 0 . 6  


148.29 I!= 43.2 0.001 


301.35 f 56.2 0 . 8  


135.39 f 39.1 0.001 


322.7 f 37.3 - 
381.32 f 3 0 . 3  - 


90 


70 


100 


80 


90 


70 


90 


80 


100 
100 


a Mean sleeping time (rnin.) fSE. b p  value < 0.05 was significant. 


effects of ethanol. L-Arginine, when given at its low dose (140 mg./ 
kg.) by either mode of administration (pretreatment or simulta- 
neous), was the only amino acid used in the present investigation 
that demonstrated significant protective activity against ethanol 
intoxication. In the studies of Robert and Penaranda (15), arginine 
reacted most rapidly with acetaldehyde. Thus, the protective effect 
of L-arginine may well be depcndent on its reaction rate with acet- 
aldehyde. This dependency of amino acids for their protective 
activity on the rate of reaction with acetaldehyde is not reflected 
when the high doses of amino acids are used for pretreatment and 
may be due to a change in the relative reaction rates of the amino 
acids with acetaldehyde produced by the increased concentrations 
of circulating free amino acids. 


The chronic toxicity of ethanol has also been shown to be ame- 
liorated by the administration of amino acids. Clinically, amino 
acids have been used, with much success, to treat the following 
conditions related to chronic ethanol ingestion: delirium tremens 
(32), nutritional deficiencies (33), and cirrhosis of the liver (34). 


Although no toxicity was observed at  the amino acid doses used 
in this study, an excess of amino acids may be toxic; the accumula- 
tion of ammonia, urea, and other nitrogen acceptors follows excess 
amino acid ingestion, especially glycine (35,36). 


Table XI-Sleeping Time after Serial Administration of Amino 
Acid-Ethanol Solution 


Per- 
cent- 


of of 
Amino Rats 
Acid, Re- 
mg./ Mean Sleeping p spond- 


Treatment kg. Timea, min. Valueb ing 


L-Lysine 120 297.02rt 49.9 0 .05  90 


L- Arginine 140 2 0 3 . 9 2 2 ~  35.2 0.01 100 


L-Ornithine 111 336.2 rt 34.0 0 . 9  100 


G1 ycine 73 325.09zt 3 3 . 0  0 . 9  100 


Ethanol control - 334.01 i 24.3 - 100 


Dose age 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


1‘ Mean sleeping time values (niin.) *SE.  b p  value < 0.05 was signif- 
icant. 


Table XII-Sleeping Time after Single-Dose Administration of 
Amino Acid-Ethanol Solution 


Per- 
cent- 


of of 
Amino Rats 
Acid, Re- 
mg./ Mean Sleeping p spond- 


Treatment kg. Time“, min. Valueb ing 


Dose age 


L-Lysine 120 223.88 f 37.7 0 . 3  5.) 


L- Argmine 140 315.79 f 58.1 0 .9  90 


L-Omit hine 111 320.94 f 41.4 0 . 8  90 


Glycine 73 283.76zt 54.3 0 . 9  100 


Ethanol control - 3 0 0 . 9 5 f  48.0 - 90 


hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


5 Mean sleeping time values (rnin.) fSE. b p  value < 0.05 was signif- 
icant. 


Small volumes of saline or buffer solutions used as controls for 
amino acid pretreatment had no effect on acute ethanol toxicity; 
this was expected because the absorption of ethanol takes place by 
simple diffusion with no active processes involved (37). 


CONCLUSIONS 


Within the framework of this experimental design, amino acid 
treatment demonstrates a definite antagonism of the intoxicating 
effects of ethanol. The nature of the interaction between amino 
acids and ethanol intoxication appears to be related to alterations 
in ethanol blood levels. Although there is no proof for the formation 
of an amino acid-acetaldehyde complex in ciuo, the present study 
indicates that this may be the possible mechanism by which pre- 
treatment or simultaneous oral administration of amino acids re- 
duces the toxic CNS depressant effects of ethanol. 
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Caffeine Complexes with Low Water Solubility: 
Synthesis and Dissolution Rates of 1:l and 1:2 
Caffeine-Gentisic Acid Complexes 


T. HIGUCHI and IAN H. PITMAN’ 


~~ ~~~ 


Abstract The syntheses of 1 : 1 and 1 : 2 molecular complexes of 
caffeine with gentisic acid are described, and their rates of dis- 
solution are reported and compared with that of caffeine. Both 
complexes were less soluble in water than caffeine, and their 
rates of dissolution in 0.1 N hydrochloric acid and in a phosphate 
buffer at  pH 7.5 were less than that of caffeine. These complexes 
thus present a potentially useful way of formulating caffeine in 
dosage forms such as chewable tablets that are intended to linger 
in the mouth. Such dosage forms would only release caffeine slowly 
and should, consequently, have an improved taste factor over ones 
containing pure caffeine. The rates of dissolution of the complexes 
were close to those predicted by equations that take into account 
both the diffusional and chemical equilibrium processes occurring. 
These equations are shown to be useful in the selection of a complex 
to achieve a specific dissolution rate. 


Keyphrases 0 Caffeine complexes with gentisic acid-synthesis, 
characterization, solubility, dissolution rate, compared to caffeine 
dissolution rate 0 Dissolution rates of caffeine-gentisic acid com- 
plexes-determination, compared to caffeine dissolution rate 0 
Complexes, caffeine-gentisic acid-synthesis, characterization, 
solubility, dissolution rate 0 Tablets, chewable, potential- 
caffeine-gentisic acid complexes 


Molecular complexes of drugs with other chemicals 
have frequently been proposed’ for inclusion in dosage 
forms to enhance the solubility, chemical stability, and 
absorption characteristics of the drugs. The present re- 


1 This subject is reviewed in ReJerence 1 .  


port describes the results of a search for molecular com- 
plexes of caffeine that would dissolve less rapidly in 
aqueous solutions than caffeine. The complexes that 
were prepared and studied had the stoichiometry of 1 : 1 
and 1 : 2 caffeine-gentisic acid. It is believed that caffeine 
complexes that dissolve less rapidly in water than caffeine 
provide a useful alternative means of formulating 
caffeine in chewable tablets and other dosage forms 
which linger in the mouth. Such dosage forms should 
have an enhanced taste factor over ones containing pure 
caffeine, because their caffeine would be released more 
slowly and, consequently, the intensity of the extremely 
bitter taste produced by caffeine should be reduced. 


The principles involved in this mechanism of taste 
masking are similar to those involved in the use of ion- 
exchange absorbates (2) to mask taste. 


It has long been recognized that caffeine and other 
xanthines form molecular complexes with organic acids 
and organic acid anions (3). The latter type of complex 
is generally more soluble than the xanthine (soluble com- 
plex), while the former is commonly less soluble (in- 
soluble complex). The present report concerns the prop- 
erties of two insoluble complexes. 


EXPERIMENTAL 


Chemicals-Caffeine was recrystallized from water, dried under 
vacuum at 80”, and stored in a desiccator (m.p. 238-238.5’). 
Gentisic acid was boiled in an  aqueous suspension of charcoal and 
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(aromatic), 3.8-4.2 (O-methyl or methylene), and 3.5-3.8 (N- 
methylene) p.p.m. with proper multiplicities. 


3 - ( 2 - A m i a o e t h y l ) - 5 - m x y - l , ~ ~ ~ y l i n  (Compound Ib) 
-A solution of 3-(2-aminoethyl)-5-methoxy- 1.3-dimethyl-2-indoli- 
none (5.5 g., 0.03 mole) in tetrahydrofuran (30 ml.) was added 
slowly to a suspension of lithium borohydride (0.04 mole) in tetra- 
hydrofuran (25 ml.). The reaction mixture was refluxed Hith stirring 
overnight and then cooled to room temperature. A mixture of 
methanol-water (1O:l) wl l~  added slowly to the mixture until 
effervescence ceased. The tetrahydrofuran was removed under re- 
duced pressure, and the residue was extracted with ether. The 
ether extract was dried over magnesium sulfate and the ether 
evaporated. The crude oil was distilled to give the compound whose 
data are summarized in Table 11. 


SUMMARY 


Sixteen 5-alkoxy-3-alkylaminel,3dimethyl-2-indolinones and 
indolines were prepared. These compounds were characterized 
with 1R and NMR spectroscopy. Pharmacological testing is in 
progress. 
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Comptoniu asplenifolia: Low Boiling Components 


D. C. CLAGETT., W. P. DUBINSKY*, and D. PRZYBYL 


Abstract 0 Room temperature, low pressure vacuum distillation 
of 920 g. of the fresh leaves from Comptoniu usplenifoliu Ait. typi- 
cally yielded 3 mg. of methyl acetate, 1 mg. of ethyl acetate, 2 mg. of 
diisopropyl acetaldehyde acetal, and 5 mg. of cineol. Methyl acetate, 
ethyl acetate, and diisopropyl acetaldehyde acetal were not previ- 
ously reported as components of the essential oil and are important 
contributors to the odor factors of the plant. 


Keyphrases Comptoniu asplenifdia Ait.-isolation and identilica- 
tion of low boiling components 0 GK-identification of low boil- 
ing components of Comptoniu usplenifdiu 


Compfonia asplenifolia Ait. was first investigated 
phytochemically by Braun (1) and later by de Nicola 
and Lynn (2). Using distillation techniques, these 
workers isolated 0.02-0.5% by weight of an oil from 
fresh or semidried leaves. Only cineol was identified. 
Other compounds such as lactones, terpenes, esters, and 
alcohols were suggested to be present. In a more recent 


This plant, a sweet-scented shrub common to the eastern United 
States, is alternatively designated Myricu asplenffolla Endl. or Cornp 
roniuperegrfna L. Coult. and is colloquially named sweet fern. Identifi- 
cation of the plant material used in this Study was made by Dr. Fred 
Barkley of Northeastern University, and a voucher specimen (Clagett 
and Dubinsky-1) has been deposited with Dr. Barkley. Curator, 
Husky Herbarium, Northeastern University, Boston, MA 021 15 
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study using GLC, this essential oil was shown to contain 
at least 32 identifiable terpenoids including cineol (3). 
This work utilized a cohobation still, which allowed 
isolation of high boiling components but precluded 
observation of volatile compounds and those that were 
heat or water sensitive. It was, therefore, of interest 
to isolate such low boiling components. Compounds 
determined would add to the chemotaxonomic informa- 
tion about C. asplenifolia2. 


Using a sequence of room temperature, low pressure 
vacuum distillation, ether extraction, and temperature- 
programmed GLC, small amounts of methyl acetate, 
ethyl acetate, diisopropyl acetaldehyde acetal, and 
cineol were isolated. The previously undetected methyl 
acetate and ethyl acetate are common, expected odor 
contributors. Diisopropyl acetaldehyde acetal, which 
was isolated in amounts comparable to about half that 
of the previously noted cineol (2, 3), appears to be 
another important odor contributor. This is the first 
report of this substance being isolated from natural 


2 Cornpionla aspknifollo has been used for many years as a remedy 
for high blood pressure and as a sickroom air freshener by residents of 
A palachia. Its essential. oil is patented for use as a perfume fixative 
(4f The chemotaxonomic information may be useful for chemosys 
tematic evaluations (3)- 







material. Its presence is somewhat surprising when it is 
considered that its acidcatalyzed hydrolytic lability* 
is about 13 times greater than that of acetal itself(6). 


A preliminary phytochemical survey (by referenced 
methods) of an alcohol extract from the dried leaves 
remaining after water and volatile oils were removed 
indicated little or no sterol (7), alkaloid (8), or saponin 
matter (9). Tannins (10) and flavonoids (1 1) were sug- 
gested'. Separations and identifications of these com- 
ponents are being pursued in these laboratories6. 


EXPEUIMENTAL.' 


GLC-Temperature-programmed and isothermal column GLC 
analyses were performed with a chromatograph' equipped with a 
thermal conductance detector block. All temperature-programmed 
runs were made a t  a lO"/mih. temperature increase between 60" 
and the indicated temperature limit. All GLC analyses utilized 
an injector port temperature of 250" and a detector block tem- 
perature of 300". The columns utilized were: Column I .  2 5 x  DOW 
710 silicone oil on 60-80-mesh Chromosorb P, acid washed [2.1-m. 
(7-ft.) X 0.63-cm. (0.25-in.) 0.d. copper tubing]; Column 2, 20% 
Carbowax 20M on 60-Wmesh Chromosorb P, acid washed [3.W 
m. (10-ft.) X 0.63~11. (0.25-in.) 0.d. stainless steel tubing]; Column 
3, 1 3 x  Apiazon L grease on 60-80-mesh Chromosorb P, acid 
washed [I.&m. (6-ft.) X 0.63-cm. (0.25411.) 0.d. copper tubing]; and 
Column 4 , 4 x  SE-30 methyl silicone oil on 60-80-mesh Chromo- 
sorb P, acid washed [2.7-m. (9-ft.) x 0.63cm. (0.25-in.) 0.d. copper 
tubing]. Collections of GLCpurified material for comparison 1R 
measurements were made using dry ice-acetone-cooled U-tubes. 
Isohtloa of Low BoWg Fracliom-Fresh C. asplenifoia leaves 


were packed in a 60 x 1 k m .  i.d. cylindrical iron vessel. This was 
connected in turn to a dry ice-cooled 100 X k m .  i.d. tubular trap 
and 25-1./min. vacuum pump. The evacuated iron vessel was main- 
tained at  room temperature (approximately 25") while the pump 
developed a pressure of 5-10 mm. Hg. Volatiles were frozen out in 
the trap over a &day period. At the end of this time the trap was 
warmed and the water-oil melt was collected. This mixture was 
extracted with ether. The ether solution was treated with 
anhydrous sodium bicarbonate. Ether solvent was removed using 
a rotary evaporator. In a typical experiment, fresh leaves (920 g.) 
yielded water (590 g.) and oil (0.12 g., 0.13% of fresh leaf weight). 
Analysis of the oil by temperature-programmed GLC (Column I .  
limit 240") indicated methyl acetate (0.003 g.), ethyl acetate (0.001 
g.), and diisopropyl acetaldehyde acetal(O.002 g.) as the sole com- 
ponents eluted below 125". At IW", cineol (0.005 g.) was eluted 


-~ ~ 


I This hydrolytic lability, which results in acetaldehyde formation, 
probably explains the irritating nature of its concentrated vapors. In 
this study the ethereal solution obtained after ether extraction, when 
treated with 2.Cdinitrophenylhydne reagent (5). yielded a deriva- 
tive which was shown to be identical with that of acetaldehyde by melt- 
ing point (148-150") and undepressed mixed melting point. Diisopropyl 
acetaldehyde acetal, when treated similarly yielded a derivatlve 
identical with that of acetaldeh de and that horn the natural oil, as 
shown by melting point and undkpressed mixed melting point. 


4 The authors thank Dr. Robert RafTauf for these survey analyses. 
6 Column chromatogra hy of the alcoholic extract, using Dupont 


nylon 6 on Celite solid place (12). yielded at least 20 flavonoid sub- 
stances. Preliminary paper chromatography/color tests indicated the 
resence of chalcones, isoflavones, flavonols, flavanonols. flavones. and 
avanones (12-14). 


0 Fresh C. asplcnifolia leaves were harvested in the vicinity of Boston, 
Mass. IR speswophopmetric determinations were made with a Perkin- 
Elmer model 21 instrument. Samples were Qssolved in s ectral grade 
carbon tetrachloride. NMR spectra were obtained using a farian model 
T-60 spectrometer. Samples were dissolved in spectral grade carbon 
tetrachloride, with 1 % tetramethylsilane as the internal reference. 
Melting points were taken using a Thomas-Hoover a paratus, and 
melting points and boiling points are uncorrected.. CarLn-hydrogen 
analyses were performed by Galbraith Laboratones. Anhydrous cal- 
cium chloride, sodium bicarbonate, sodium, isopropanol, methyl ace- 
tate. and ethyl acetate were of 'ea ent grade. Technical grade cineol was 
purchased from Aldrich Chemicaf Co. 


7 F B M  Scientific Corp.. model 500. 


f; 


among other higher boiling components. Positive identification of 
methyl acetate, ethyl acetate, ahd diisopropyl acetaldehyde aced 
was made by comparing their IR spectra (GLGcollected samples) 
and programmed retention times (Column 1 and Column 2, limit 
240") with those of authentic samples'. Cineol Was similarly identified 
by comparison of its IR spectra and retention times (programmed 
Column 1. limit 240", and isothermal Column 3, 150") with an 
authentic sample. 


Synthesis of Wsopropyl Aagldebyde Acecal-Diisopropyl acet- 
aldehyde a c e d  was synthesized by a method analogous to  that 
ivied for the preparation of the acetal (15). Freshly distilkd acet- 
aldehyde (44 g., 1 mole) was added to a mixture of isopropanol 
(116 g., 1.9 moles) and anhydrous calcium chloride (22 g., 0.2 
mole). The vessel was stoppered, shaken, and allowed to stand at  
room temperature for 24 hr. The solution was decanted onto 0.3- 
cm. (0.125-in.) activated mblecular sieves' and dried for an addi- 
tional 24 hr. The molecular sieves &re removed, and anhydrous 
ether (100 ml.) followed by sodium metal pellets (23 g., 1 
mole) was added. After hydrogen evolutioh ceased, the solution was 
distilled and the 82-1 15" boiling fraction was collected. Redistillation 
yielded a fraction of boiling range 122-124", yield 42.6 g. (34x); 
IR (CCl3: 1390, 1334, 1140, 1085, and 1002 cm.-I; NMR (CCl3: 
8.79 d, 8.88 d, 8.91 d (15), 6.16 broad h (2). and 5.29 q (1). 


Anal.-Calc. for GH&: C, 65.71; H, 12.41. Found: C, 65.77; 
H, 12.20. 
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Qualitative Method for Dantrolene and a 
Related Metabolite in Urine 


JOHN D. CONKLIN' and R. J. SOBERS 


Abstract 0 A qualitative method is described for the determination 
of dantrolene, amew skeletal muscle relaxant, and a related non- 
reduced metabolite in human urine. The method consists of the 
direct extraction of the drug and the metabolite from urine into 
nitromethane. Addition of a hyamine hydroxide solution to the 
solvent extract from urines containing the drug and the metabolite 
results in a yellow color which is linearly related to the amount of 
drug and metabolite present. A yellow color is not apparent when 
the alkaline solution is added to solvent extracts from control urine. 
The method is specific for dantrolene plus the nonreduced metab- 
olite in the presence of a reduced metabolite. Data obtained from 
urine specimens, collected from humans receiving sodium dantrolene 
and analyzed by the qualitative method, are also presented. 


Keypbrasea 0 Dantrolene and metabolite-qualitative colorimetric 
determination in urine 0 Colorimetry-qualitative determination 
of dantrolene and metabolite in urine 


Sodium dantrolene', 1-( [5-(p-nitrophenyl)furfuryli- 
dene1amino)hydantoin sodium hydrate, is a new skeletal 
muscle relaxant (1-3). By utilizing a combination of 
solvent extractions and chromatography followed by 
fluorometric measurement, dantrolene is quantitatively 
determined in biological specimens (4). There still is 
need, however, for a qualitative method which the clini- 
cal laboratory can readily perform. This report de- 
scribes a simple and rapid colorimetric method for 
dantrolene and a related nonreduced metabolite, desig- 
nated as Metabolite A, in human urine. 


EXPERIMENTAL 


Reagents and Instrument-The reagents used included: crystal- 
line dantrolene'; ammonium sulfates, special enzyme grade; N,N- 
dimethylformamide', reagent grade; nitromethane&, practical 
grade; methanol(. analytical reagent grade; and hyamine hydroxide', 
1 M in methanol. The 1 M hyamine solution (2 ml.) is diluted to 25 
ml. with absolute methanol to obtain a 0.08 M solution. 


A spectrophotometers was used to measure absorbances. 
Rocedure-To 2 ml. of urine in a tube, add 1 ml. of water and 


then 3 ml. of saturated ammonium sulfate solution and mix thor- 
oughly. Add 5 ml. of nitromethane, mix the tube contents vigorously 
for 1 min., and centrifuge at 2ooo r.p.m. for 10 min. Transfer 3 ml. 
of the solvent extract (top layer) to a test tube. Then add 5 drops 
of 0.08 M hyamine hydroxide solution and mix the contents. 


In the qualitative test, the color of the extract from the unknown 
sample is immediately compared with the color of the corresponding 
extract from a control sample against a white tmckground. Under 
these conditions, extracts from urine specimens containing dan- 
trolene and Metabolite A exhibit a yellow color which is linearly 
related to the amount of drug and metabolite present. Control 
urine extracts do not exhibit any apparent yellow color when the 
hyamine reagent is added. 


1 Dantrium, Eaton Laboratories. 
Eaton Laboratories. 
SchwarzlMann. Catalog No. 1946. 


4 Matheson, Coleman and Bell. Catalog No. DXl730. 
1 Commercial solvents. 
6 Mallinckrodt Chemical Works, Catalog No. 3016. 


Packard Instrument Co., Catalog No. 6003005. * Hitachi model 139. 


Table I-Determinations of Dantrolene and Metabolite A 
Standards by the Nitromethane-Hyamine Method 


Absorbance", 400 nm. 
Sample, -Dantrolent--. -Metabolite A- 
mcg./ml. Water Urine Water Urine 


Control 0.009 0,033 0.006 0.037 
2.5 0.079 0.083 0.078 0.077 
5.0 0.157 0.162 0.154 0.158 
15.0 0.478 0.483 0.464 0.469 
25.0 0.780 0.799 0.759 0.765 


0 Mean based on three samples. Absorban- for atandards are con- 
trol corrected. 


If an estimate of the drug concentration is desired, the solvent 
extract is then subjected to spectrophotometrk msurement  at 
400 nm. within 1 min. after addition of the hyamine reagent. Pure 
nitromethane is used to set the instrument to  zero absorbance. The 
absorbance of the control sample is subtracted from the absorbance 
of the unknown sample, and the estimated drug and metabolite 
present are calculated from dantrolene standards subjected to the 
method. The results are expressed as dantrolene equivalents. A 
dantrolene standard with a concentration of 25 mcg./ml. exhibits an 
absorbance of about 0.800. Dilutions are necessary when a Ntre 
methane extract from a sample subjected to the procedure exhibits 
an absorbance greater than 0.800 after addition of the hyamine 
reagent. If this occurs, some of the remaining nitromethane extract, 
not reacted with the hyamine reagent, is diluted with pure nitro- 
methane and then the hyamine reagent is added. 


In preparing standard solutions, 50 rng. of crystalline dantrokne 
is dissolved in 50 ml. of dimethylformamide. Ten milliliters of this 
solution is placed in a 1OCbml. volumetric flask, 40 ml. of dimethyl- 
formamide is added, and the solution is diluted to volume with 
water to obtain a drug concentration of 100 mcg./ml. This solution 
is then diluted w t h  water to obtain the required drug concentra- 
tions. Standards' of Metabolite A and acetylated dantrolexd 
are prepared in an identical manner. 


Urine reference standards are prepared with 2 ml. of urine, 1 ml. 
of standard solution, and 3 ml. of saturated ammonium sulfate 
solution. Aqueous standards are prepared in an identical rrrrmntr 
except that 2 ml. of water is substituted for the 2 ml. of urine. Water 
or the human urine used to prepare the reference standards serves 
as a control. 


RESULTS 


The results presented in Table I show that both dantrolene and 
Metabolite A are susceptible to  the nitromethane-hyamine p r e  
cedure. Standard curves for each compound are linear from 2.5 
to  25.0 mcg./ml. Drug concentrations as low as 2.5 mcg./ml. (5 
mcg./tube) are visually identified by a distinct yellow color. Agtea 
ment is apparent between aqueous and human urine refereace 
standards for both dantrolene and Metabolite A (Table I). Average 
recoveries of added dantrolene and Metabolite A from human urine 
were 102.9 f 1.6 a d  100.8 f l.6%, respectively, based on aqueous 
standards. Acetylated dantrolene, another metabolite, did not ex- 
hibit appreciable absorbance when subjected to  the nitromethane- 
hyamine procedure. 


Urine specimens collected from healthy humans who had re- 
ceived sodium dantrolene as an encapsulated formulation orally 
were subjected to the nitromethane-hyamine method. Nitromethane 


n 1- { [S-(p-Acetamidophenyl)furfuryIidene]aminol hydantoin. 
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DISCUSSION 


At present, two of the major dantrolene-related metabolites re- 
covered from human urine after the administration of sodium dan- 
trolene are reduced acetylated dantrolene and a nonreduced metatt 
olite designated as A (5). The amount of each of these metabolites 
excreted in urine is usually much greater than the corresponding 
amount of dantrolene (5). It is assumed that dantrolene plus Metab 
olite A is primarily responsible for the yellow color observed when 
urine specimens collected from humans receiving sodium dantrolene 
are analyzed by the nitromethane-hyamine procedure, since stand- 
ards of acetylated dantrolene do not exhibit an appreciable att 
sorbance when subjected to the qualitative method. A partial ex- 
planation for this specificity is that acetylated dantrolene does not 
contain the nitro group on the benzene ring which is present in both 
dantrolene and Metabolite A. 


TPMe II--Detcnninations of Urine Specimens from Humans 
Administered Sodium Dantrolene by the Nitrcnnethaat- 
Hyamine Method' 


Concmtrationa, 
Subject Absorbance*, 400 nm. mcs./ml. 


3 
6 
2 
5 


11 


0.098 (0.062) 
0.149 (0.034) 
0.719 (0.013) 
0.745 (o.oisj 
0.541 (0.032) 


3.06 
4.65 
22.47 
23.28 
16.90 


a An encapsulated sodium dantrolene formulation was administered 
orally as a singIe dose at 100 mg. to Subjects 3 and 6 and at 100 mg. 
q.i.d. to Subjects 2, 5, and 11. Urine spemens were collected from 
0-24 hr., pooled, and frozen. A control urine specmen was collected 
juat before drug administration, * Control corrected; flgure in paren- 
theaea represents the control unne absorbance. * Eatmated drug con- 
centration for 0-24 hr.. pcpressed as dantrolene equivalcntq represents 
dantrolene plus Metabolite A. 


extracts from each of the specimens, collected after drug adminis- 
tration, exhibited a visual yellow color following the addition of 
the hyamine reagent (Table XI). Under these conditions, a yellow 
color was not apparent with extracts from corresponding contrd 
urines, collected before drug administration. 


The dantrolene-hyamine complex in nitromethane exhibits an 
absorbance maximum near 400 nm., while the corresponding Metab 
olite A-hyamine complex displays a maximum near 395 nm. When 
subjected to the nitromethane-hyamine procedure, the human urines 
collected after the administration of sodium dantrolene yielded an 
absorbance maximum from 380 to 385 nm. 


An estimate of the drug and metabolite concentration present 
in the urine specimens was obtained by spectrophotometric meas- 
urement (Table 11). These results are expressed as dantrolene equiv- 
alents, based on dantrolene standards, and represent dantrolene 
plus Metabolite A. 
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Dansyl Derivatives of A'- and 
A*-Tetrahydrocannabinols 


Keyphnses 0 Dansyl derivatives of A@- and A'-tetrahydrocan- 
nabinols-synthesis. physical and chemical properties 0 Tetra- 
hydrocannabinols-synthesis of dansyl derivatives, physical and 
chemical properties 


Sir: 


The use of dansyl chloride (5-dimethylamino- I -  
naphthalenesulfonyl chloride, I) in the fluorometric 
determination of amines and phenols is well docu- 
mented (1). Dansylated cannabinol-related compounds 
were recently derived from blood, urine, and saliva 
samples following hashish administration (2). As a 
prerequisite for the development of suitable method- 
ology for the assay of compounds and metabolites 
derived from Cannabis saliva, a series of dansyl deriva- 
tives of several cannabinoid compounds was prepared 
in micromolar quantities and their TLC properties 


were reported (3). The preparation of larger quantities 
of dansyl-A#-tetrahydrocannabinol (11) and dansyl-As- 
tetrahydrocannabinol (111) was accomplished to de- 
termine the physical and chemical properties of them 
derivatives. 


The reaction of As- or As-tetrahydrocannabinol and 
excess dansyl chloride was performed in acetone-water 
solution saturated with sodium carbonate at 40" for 
2 hr. After excess dansyl chloride was hydrolyzed by 
treatment with base, the reaction mixture was ex- 
tracted with ethyl acetate. Compounds I1 and 111 were 
isolated as thick oils. Crystallization could only be in- 
duced by prolonged storage at -5"  in hexane. Re- 
crystallization from hexane or heptane yielded crystal- 
line solids which provided microanalytical values within 
acceptable limits and the correct molecular weight by 
mass spectrometry. The physical and spectral charac- 
teristics of Compounds I1 and 111 are summarized in 
Tables I and 11. 


The reaction of I would be expected to occur on the 
phenolic group of tetrahydrocannabinol. Examples are 
known with reactions similar to dansylation where the 
substituent does not add onto the phenolic oxygen but 
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tions. It may be that the generic group (hydroxamic acids), due to 
their peculiar molecular structure such as the R--C(=O)--N(-H)- 
OH moiety, are a group of oxidative phosphorylation uncoupling 
agents and compete for the energy available within the cellular con- 
tractile mechanism. 
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NMR Study on 1,2,4,5-Tetrasubstituted 3,3,6,6-Tetradeuterated 
Cyclohexanes: Conformational Contributions and 1,3-Diaxial and 
Vicinal Deshielding Effects of Amino and Alkylated 
Amino Groups and Their Protonated Forms 


BARTLETT D. WHELTON*, BETTY R. LOWRY, JOHN B. CARRt, and ALAIN C. HUITRIC’ 


Absb.Pct 0 The partially deuterated compounds trans-2-o-tolyl-eis- 
4-hydroxy-trnns-S-aminocydohexanol-3.3,6,6-d~ and trans-2-o-tol yl- 
cis-4-amino-rruns-5-hydroxycyclohexanol-3,3,6,6-d4, the corre- 
sponding N-methyl and N,N-dimethyl derivatives, the trimethyl- 
ammonium iodide salts, the C-1 benzoyloxy esters of all these com- 
pounds, aqd a few C-4 acetoxy derivatives were investigated by 
NMR for conformational changes brought about by alkylation 
and protonation of axially oriented amino groups and for 1.3- 
diaxlal and vicinal deshielding effects of amino and protonated 
amino groups. In these compounds, hydrogens H-I and H-2 and 
hydrogens H-4 and H-5 make up two separate A X  systems where, 
in a given chair conformation, the hydrogens of one pair have 
trans-diaxial orientations and those of the other pair have trans- 
diequatorial orientations. Changes in coupling constants J,, and 
JU give a sensitive measure of conformational changes. The most 
pronounced conformational changes occurred with protonation 
of the. dimethylamino derivatives in formic acid and in chloro- 
form, where the equilibrium highly favors the inverted chair con- 
formations with an axially oriented 0-tolyl group. The 1,3-diaxial 
deshielding of the primary amino group was found to be somewhat 


A number of partially deuterated six-membered ring 
compounds have been prepared in this laboratory in 
recent years for NMR conformational analysis studies 
(1-4) and for study of long-range 1,3-diaxial deshielding 
of ring hydrogens by the hydroxyl group (5 ) .  On the 
basis of this previous work, the substituted 3,3,6,6- 
tetradeuterated cyclohexene (111) was easily available as 
an ideal intermediate for the synthesis of the tetra- 
deuterated compounds of series VI-IX, of known 
stereochemistry, through the epoxides IV and V. The 
stereochemistry for IV and V was established for the 
nondeuterated epoxides (6). The deuterated compounds 


comparable to that of the hydroxyl group, with little change in the 
effect upon protonation. The effects of N-methylation are dis- 
cussed. Geminal and vicinal deshielding by the amino group and 
the role of N-methylation and protonation on these effects are 
given. Further data supporting the long-range deshielding by the 
carbon-carbon double bond and the epoxy group are also pre- 
sented. 


KeyphrPses Cyclohexanes, 1.2,4,5-tetrasubstituted 3,3,6,6tetra- 
deuterated-NMR study, conformation contributions and de- 
shielding effects of amino groups and protonated forms 0 Coupling 
constants, 1,2,4.5-tetrasubstituted 3.3.6,Gtetradeuterated cyclo- 
hexanes-conformation changes produced by alkylation and pro- 
tonation of axial amino groups m Deshielding effects, 1.3-diaxial 
and vicinal-l,2,4,5-tetrasubstituted 3,3,6,6tetradeuterated cyclo- 
hexanes. conformation changes produced by alkylation and pro- 
tonation of axial amino groups 0 NMR spectroxopy-tetrasub- 
stituted cyclohexanes, conformation changes produced by alkyla- 
tion and protonation of axial amino groups, vicinal deshielding 
effects of amino groups, coupling constants 


of series VI through IX were of special interest for the 
study of possible conformational changes as a function 
of solvent resulting from successive alkylation of the 
amino group and/or from protonation of the primary, 
secondary, and tertiary amines. The tetradeuterated 
compounds also provide useful systems for the study of 
the relative lY3-diaxial deshielding properties of primary, 
secondary, and tertiary amino groups and the effect of 
protonation on this property. The series further proved 
useful in demonstrating the deshielding effect of pro- 
tonation of the amino groups on the chemical shifts of 
vicinal hydrogens. 
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A very important feature of the tetradeuterated 
compounds, VI-IX, is that the four hydrogens on the 
cyclohexane ring form two separate AX systems, whose 
coupling constants give a very sensitive NMR probe for 
the study of conformational changes. Since each ring 
hydrogen is adjacent to only one other hydrogen, with 
the exception of the hydrogen on the amino-bearing 
carbon, the NMR signal of each gives a simple doublet 
which allows accurate measurements of coupling 
constants and chemical shifts from first-order treatment 
of the spectra. The components of each doublet are 
broadened slightly by weak coupling with the deuterium 
atoms on adjacent carbons, but this does not interfere 
with the measurement of coupling constants between 
hydrogens of individual A X  pairs. Occasionally, there 
was coupling with the hydroxyl hydrogen, especially in 
dimethyl sulfoxide-d6, but this could be circumvented by 
addition of a small quantity of 40. 


RESULTS AND DISCUSSION 


Conformatid Study-Coupling constants between axial hydro- 
gens or adjacent carbon atoms (Jaa) are normally around 11 Hz., 
and those between equatorial hydrogens (J,,) are usually in the 
neighborhood of 3 Hz. (1). In the 1,2,4,5-tetrasubstituted 3,3,6,6- 
tetradeuterated cyclohexanes under consideration, there are two 
separate A X  systems of trans-hydrogens. In structures having the 
chair conformation, the hydrogens of one vicipal pair have axial- 
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methiodides of Compounds XII-XV are included 


axial orientations while those of the other pair are equatorial- 
equatorial. Since the assignment of signals was possible in all cases, 
the coupling constants JI1 and I,:, provide a unique NMR probe for 
determining the preference between the two chair conformers in 
systems where the equilibrium favors a large predominance of one 
of the two possible chair conformations. In such a system, either Jll 
or J45 will be the normal J., value, while the other one will be the 
normal J,, value. In cases where J1l and J,s are essentially equal, the 
system does not give a direct differentiation between an equilibrium 
involving n w l y  equal populations of the two chair conformers with 
the exclusion of other conformers and a situation where the equilib- 
rium involves partial or total contribution from boat and other 
flexible conformations, because in the flexible conformations the 
average dihedral angle between H-1 and H-2 will be the same as 
between H-4 and H-5. It is important to realize that unequal J1* and 
Jts  values indicate a predominance of one chair conformatipn over 
the other; but in cases where neither coupling constant approaches 
the normalJ,, value, the system does not provide a direct differentia- 
tion between an equilibrium involving only the two chair conformers 
in unequal populations and an equilibrium involving one or both 
chair conformers and flexible forms. 


The normal J., value is Seen from Table I to be 11.0 Hz. in the 
reference benzoate I and about 10.0 Hz. in the corresponding hy- 
droxy Compound I1 in the various solvents investigated. The data 
also show conformational changes in the 1,2.4,5-tetrasubstituted 
compounds which vary from partial to total chair inversion. The 
roles of solvent, alkylation, protonation, quaternization, and intra- 
molecular hydrogen bonding on conformational changes are also 
demonstrated by theJI1 and Jlr values in Table 1. 


EtTects of Intramolecular Hydrogen Bonding-The JI1 and J t a  
values indicate that in hydrogen-bonding solvents, which act as 
hydrogen acceptors. the equilibria for the free base forms of the 
primary, secondary, and tertiary amines of classes V I  through IX 
favor a high predominance of the normal chair conformation hav- 
ing the o-tolyl group on C-2 and the benzoate or hydroxyl group 


on C-1 in equatorial orientations, with the amino and hydroxyl or 
acetoxy group on C 4  and C-5 in axial orientations. In deuterated 
chloroform, the J18 and J46 values of 7.3 and 5.9 for the dimethyl- 
amine VIc indicate a reduction in the population of the normal chair 
conformation. Threefold dilution did not change the JIs and J46 
values. The acetoxy derivative VIcAc shows a high predominance of 
the normal chair form. The conformational change in VIc in chloro- 
form is attributed to  the stabilization of the inverted chair or some 
flexible conformation through intramolecular hydrogen bonding 
between the C 4  hydroxyl and C-5 amino groups. Because of inter- 
molecular hydrogen bonding between the compounds and solvent 
molecules in acetone, pyridine, and dimethyl sulfoxide-dh intra- 
molecular hydrogen bonding will not have the same degree of 
stabilization of the inverted conformation in these solvents as in 
chloroform. For reasons discussed later, the inverted chair is favored 
over flexible forms. The presence of intramolecular hydrogen bond- 
ing in chloroform was demonstrated in the nondeuterated Corn- 
pounds VIc and VIIIc by IR spectroscopy. In each case, the spectra 
showed a nonbonded OH stretching band at 3610 cm.-l and a 
broader bonded OH band at 3440 an.-'. This latter band persisted 
when the solution was diluted to 0.01 M. 


The conformation free energy values (-AG) for amino, methyl- 
amino, and dimethylamino groups have been studied by several 
investigators by different methods (7-10). The general trend, as 
expected, is that of an increase in -AG: (a) with increased alkyla- 
tion, (b) in going from nonhydrogen-bonding to hydrogen-bonding 
solvents, and (c)  with protonation. Conformational equilibrium 
studies have also been reported for 1,2-aminocyclohexanol systems 
(11, 12) and, to no surprise, the combined -AG value for the 
trans-1,2-aminohydroxy groups, in tr~s-2-amino-rrans-5-isopro- 
pylcyclohexanol in tetrachloroethylene, was found to  be larger than 
the sum of the individual values (12). This effect is attributed to 
hydrogen bonding in the chair conformation with the two functional 
groups in equatorial orientations. Tichj ef R (11) also found a slight 
contribution from an intramolecularly hydrogen-bonded conformer 
of cis4tert-butyl-trans-2-dimethylaminocyclohexano1, and they 
favored an inverted chair conformation, with the tert-butyl group 
axial. in preference to contributions from flexible forms for this 
conformer. 


ERects of Methylation-For the free bases of the primary, N- 
methyl, and N,N-dimethylamines of classes VI through IX, the 
equilibrium in every case favors a high predominance of the normal 
chair conformation in all hydrogen-bonding solvents that act as 
hydrogen acceptors. In these solvents, the combined -AG values of 
the adjacent trans-hydroxyl and amino groups are not sufiient to 
overcome the combined - AG values of the rrms-o-tolyl and the C-1 
substituent, and no conformational change can be observed upon 
successive methylation. In deuterochloroform, the combined -AG 
values of the trans-hydroxyl and amino groups are larger, presum- 
ably because of a greater contribution from intramolecular hydrogen 
bonding, and the differences between the combined -AG values for 
the substituents on C-1 and C-2 uersus those on C 4  and C-5 fall 
within the range where conformational changes can be observed in 
VIc and VIIc. Comparison of J12 and J,:, values between VIo, VIb, 
and VIc in chloroform shows that there is a considerable reduction 
of the normal chair in going from the N-methyl to the N,N-dimethyl 
derivative but that there is very little difference in conformation 
between the primary and secondary amines. 


ERects of Protonation-Protonation brings about changes in 
conformation which vary with degree of alkylation and which are 
highly solvent dependent in the limited solvents investigated. The 
most pronounced changes are found with the trifluoroacetate salts 
in chloroform and the formate salts in formic acid-DtO solutions. 
With the latter, the changes seem more pronounced in solutions 
containing 5 %  Dz0 than in those with 2 5 z  DIO. Very little dif- 
ference was seen between formate and hydrochloride salts in formic 
acid-D20 solutions, and the data for the hydrochloride salts in 
those solutions are not included in Table I. 


Of special interest is the high predominance of the inverted chair 
conformation with the o-tolyl group in axial orientation for the 
salts of the N,N-dimethyl derivatives Vlc, VIIc, and VIIIc in 
formic acid and for the trifluoroacetate of VIc in chloroform-d. 
In dimethyl sulfoxide the equilibrium favors a high predominance 
of the normal chair conformation, with the o-tolyl group in equa- 
torial orientation for the hydrochloride salts of VIc and VIllr and 
the trifluoroacetate of VIc. A comparison of the data on the salts of 
the primary and secondary amines shows that in dimethyl sulfoxide- 
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Table I-NMR Data for Tetradeuterated Six-Membered Ring Compounds 


Deshielding Shifts 
--Constants, Hz.- -Chemical Shifts in 8 Units, p.p.m.-- -at 60 MHz.- 


Coupling ( V  - YO) ' ,  Hz. 
Compound Solvent JI I J o  N 4 H a  H-1 H-2 H-4 H-5 V I  - - ~ I O  


I 


11 


111 


IV 


V 
Vla 


VIa-HCl 
VJU-HCI 
Vla-FAd 


Vla-TFA' 
VJb 


Vlb-HCI 
VIb-HCI 
Vlb-FA 


Vlb-TFA 
VIC 


Vk-HCI 
VIC-TFA 


VIC-FA 


VIC-TFA 


VJcAc 


VICAC-FA 
WAC-TFA 


Vld 


VIdAc 


VlIa 


vira-m 
Vila-HCI 
VI la- FA 


Vlla-HCI 
VIlb 


VIlb-HCl 
V11b-HCI 
Vllb-FA 


Carbon tetrachloride 
Acetone-d6 
Dimethyl sulfoxide-dC 
Pyridine 
Formic aid-QO (95 :5) 
Chloroform-d 
Acetone4 
Dimethyl sulfoxide-d6 
Pyridine 
Formic acid-RO (75 :25) 
Chloroform-d 
Carbon tetrachloride 
Acetone4 
Dimethyl sulfoxide-d6 
Pyridine 
Carbon tetrachloride 
Acetonedo 
Dimethyl sulfoxide-d6 
Pyridine 
Carbon tetrachloride 
Dimethyl sulfoxide-d6 
Pyridine 
Chloroform-d 
Dimethyl sulfoxide-da 
Pyridinec 
Formic acid-R0 (95 : 5) 
Chloroform-d 
Acetonedo 
Dimethyl sulfoxide-d8 
Pyridine 
Chloroform-d 
Dimethyl sulfoxide-d, 
Pyridinec 
Formic acid-BO (95 : 5)  
Chloroform4 
Acetone4 
Dimethyl sulfoxide-d, 
Pyridine 
Chloroform4 
Dimethyl sulfoxide-d6 
Dimethyl sulfoxide-da 
Formic acid-QO (95:5) 


Chloroform-d 


Acetonedo 
Chloroform-d 
Formic acid-D20 (95 : 5) 
Chloroform4 


Dimethyl sulfoxidd6 
Pyridine 
Formic acid-RO (95 : 5) 
Pyridine 
Pyridine-BO (-50:50) 
D20 
Formic acid-D20 (-5O:SO) 
Dimethyl sulfoxide-d, 
Pyridine 
IXO 
Dimethyl sulfoxide-d6 
Pyridinec 
Formic acid-QO (75 :25) 
DIO 
Acetonedo 
Dimethyl sulfoxide-d6 
Pyridine 
D20 
Dimethyl su1foxide-d8 
Pyridine' 
Formic acid-BO (75 : 25) 


11.0 
1 1  .o 
10.9 
11.0 
11 .o 
10.8 
10.0 
10.1 
10.0 
10.2 
9.8 
9 . 2  


10.3 
10.2 
10.0 
11.2 
11.0 
11.6 
11.5 
11.2 
11 .o 
10.6 
9.3 


10.2 
9 .8  
5.6 
4.8 


11.2 
1 1 . 1  
10.5 
9 . 9  


10.2 
9 . 8  
5.8 
4 .1  


10.9 
1 1  .o 
10.8 
7 . 3  
9 .6  
8 . 0  
3.8 


2.7 


11.5 
11 .o 
6 . 0  
4 . 5  


6 .7  
6 . 5  
5.8 


7 . 0  


7 . 0  
10.0 
10.0 
10.0 
9 .3  
8 .2  
7 . 6  
9 . 0  


10.0 
10.4 
10.2 
10.4 


-8.3 
8 .4  
6 .9  


-8 
-A 


- - - - - - 
- - 
- - 
10.0 
10.2 
10.2 
10.1 - 
- 
- 
- 
3 . 5  
3 .2  
3 . 3  
4 . 3  
3 .2  
3.8 
7 . 2  
8.0 
3.0 
3.0 
3.0 
3.7 
3.2 
3.8 
7 . 2  
8 .8  
3 . 1  
2 .8  
3 .2  
5 .9  
3.6 
5.0 
9 . 2  


10.2 


3.2 
3 .2  
7 .4  
8 . 0  


6 .4  
7.1 
7 . 0  


6 . 0  


6 . 0  
2.6 
3.2 
3 .2  
3.7 
4.7 
6 .0  
4 .3  
2 . 9  
2 . 8  
3.0 
2 .9  


-3.9 
5.0 
6 . 0  


-5 
-A 


- - 
- - - - 
- - 
- - - 
- - - 
- 
- 
- 
- 
- 
- - 
- 
- 
- 
- - 


2.44, 
2.44 
2.491 
2.51 
2.72 
3.23 
3 . 1 3  
2.91 
2.39 
2.37 
2.42 
2.35 
2.94 
3.00 
3.200 
3.15 
2.880 
2.98 
2.42 
2.43 
3.21 
2 . w  
3.03 
3.28 
3.79 
3.39 
3 . 9 0  
3.60 
3.61 
3.34 - - - 
- 
- 
- 
- 


2.36' 
2.32 
2.47 
2.351 
2.61 
3.18 
3 .OO 


5.21 
5 .29  
5.25 
5.53 
5.35 
5.25 
3.71 
3.60 
3.89 
4.01 
3.66 
5.38 
5.50 
5.45 
5.70 
5.12 
5 .30  
5.27 
5.46 
5.33 
5.76 
6.27 
5.63 
5.75 
6.17 
5.71 
5.57 
5.71 
5.65 
6.12 
5.57 
5.62 
6.07 
5.72 
5.62 
5.62 
5 . 5 3  
6.00 
5 . 5 3  
5.46 
5.41 
5.74 


5.69 


5.58 
5.56 
5.69 
5 . 6 4  


5.61 
6.12 
5.79 
6.07 
5.96 
5.94 
5.78 
4.02 
4.61 
4.15 
4.08 
4.85 
4.42 
4.21 
4.13 
3.96 
4.62 
4.09 
4.07 
4.71 
4.39 


3.09 
3.23 
3.17 
3.28 
3.28 
3 . 1 3  
2.73 
2.62 
2.90 
2.86 
2.67 
3.40 
3.55'. 
3.49 
3.61 
3.40 
3.49 
3.42 
3.64 
3.15 
3.70 
4.19 
3.66 
3.73 
4.13 
3.83 
3.72 
3.80 
3.71 
4.17 
3.65 
3.70 
4.13 
3.83 
3.70 
3.83 
3.72 
4.20 
3.62 
3.68 
3.67 
3.79 


3.67 


3.63 
3.55 
3.79 
3.65 


3.95 


3.75 
- 
- - - 


3.64 
3 . 1 3  
3.82 
3.24 
3.19 
3.89 
3.52 
3.36 
3.32 
3.14 
3.88 
3.21 
3.21 
3.80 
3.52 


- 
- - - 
- - 
- - 
- - 


5.72' 
5.83b 
5.83b 
5.81' 
3.09  
3.23 
3.27 
3.19 
3 . 2 P  
3.75 
4.18 
3.85 
4.19 
5.00 
4.66 
4.57 
3.97 
3.86 
4.22 
3.95 
4.24 
4.94 
4.67 
4.58 
4.26 
4.12 
4.50 
4.15 
4.33 
4.31 
4.69 


4.63 


5.26 
5.28 
5.68 
5.63 


4.49 
5.25 
4.82 
6.21 
5.95 
5.94 
5.75 
3.54 
4.04 
3.78 
3.98 
4.91 
4.41 
4.15 
3.84 
3.70 
4.22 
3.92 
4.10 
4.79 
4.43 


- - - - - 
- 
- - - - - 


5.61' 
5.73b 
5 . 7 2  
5.71' 
3.09 
3.23 
3.27 
3.19 
3 .w 
3.25 
3.71 
3 .30  
3 . 5 5  
4.41 
4.11 


2.96 
2.86 
3.23 
2.91 
3.39 
4.08 
3.91 


- 


- 
- - - - 


3.51  


3.97 
- 


-- 
- 


4.11 
4.01 


- 
4.69 
4.08 
4.99 
4.55 
4.55 
4.28 
3.04 
3.58 
3.19 
3.33 
4.33 
3.92 
3.67 
2.81 
2.68 
3.19 
2.86 
3.25 
3.96 
3.70 


(continued) 
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Deshielding Shifts 
Coupling 


-Constants, Hz.- ----Chemical Shifts in I Units, p.p.m.- -at 60 MHz.- 
(v - u')', Hz. 


Compound Solvent Ji a J46 N--CH, H-1 H-2 H-4 H-5 UI - ~ 1 '  Y) - UI' 
VIM-HCI 


VIIC 


VIIC-HCI 
VIIC-FA 


VIIC-HCl 
VIId 


VIIIa 
V1 IIa-HCl 
VIIIa-HCI 
VIIIa-FA 


VIIIb 
VIIIbHCl 
VIIIb-HCI 
VIIIb-HCI 


VIIIC 


VIIk-HCl 
VIIIC-FA 


VIIId 


1x0-FA 
IXb 


IXb-HCI 
IXbHCI 


IXC 
IXC-HCI 
IXC-FA 


VIIe 


VIIf 


VIf 


VIg 
VIIg 


VIIIg 
X 
XI 


RO 
Acetone4 
Dimethyl sulfoxide-da 
Pyridine 
Chloroform-d 
Dimethyl sulfoxide-ds 
Formic ac id-40  (75:25) 


b0 
Dimethyl sulfoxide-ds 
Formic acid-40 (75 : 25) 
uo 
Pyridine 
Dimethyl sulfoxide-d, 
Pyridine 
Formic ac id-40  (955) 
Pyridine 
Dimethyl sulfoxide4 
Pyridine 
Formic acid-nO (95:5) 
AFRfoneda 
Dimethyl SUlfOXide-d6 
Pyridine 
Dimethyl SulfOX ide-dg 
Formic acid-GO (95 : 5) 
Dimethyl sulfoxide-da 
Pyridine 
Formic acid-bO (95 :5) 
Formic acid-GO (75 : 25) 
Pyridine 
Dimethyl sulfoxide-ds 
Formic acid-DIO (75 : 25) 
Pyridine 
Dimethyl sulfdxidel 
Formic acid-GO (75 : 25) 
G O  
Acetone-ds 
Dimethyl sulfoxide-ds 
Pyridine 
Formic acid-GO (75 :25) 
Chloroform-d 
Acetone-ds 
Dimethyl SdfOXide-d6 
Pyridine 
Formic acid-GO (75 :25) 
Acetone-da 
Dimethyl sulfoxide-ds 
Pyridine 
Formic acid-D)O (95 : 5)  
Acetone-da 
Acetond6 
Acetoned, 
Carbon tetrachloride 
Carbon tetrachloride 


-8.7 
9.2 
9 .8  
9.4 
8.2 
6.7 
3.8 


5.0 
5.8 
5.9 


-6.5 
10.6 
10.2 
9.2 
5.8 


11.0 
10.0 
9.3 
6.2 


10.7 
11 .o 
10.7 
9.0 
3.8 
6.2 
5.8 
4.6 
8.1 


10.2 
-8.9 


8 .2  
9.9 
6.0 
4.6 
6.0 


10.6 
10.4 
10.4 
10.4 
10.2 
10.4 
10.2 
10.2 
10.4 
11.4 
11 .o 
11.2 
10.7 
11.2 
10.0 
10.8 
11 .o 
11 .o 


-4.9 2.86 4.21 3.38 4.26 3.51 - - 
3.8 2.27 4.11 3.35 4.09 - 24 37 
3.2 2.22 3.91 3.15 3.94 - 18 32 
3.2 2.25 4.50 3.81 4.35 - 36 54 
4.5 2.29 4.12 3.27 4.05 2.41 - - 
6.7 2.80 4.04 3.23 4.16 3.38 - - 
9.4 3.100 4.44 3.53 4.49 3.79 - - 


3 -00 
8.6 2.99 4 . n  3.43 4.39 3.63 
7.2 3.19 4.11 - 4.32 3.69 
7.6 3.30 4.58 - 4.64 3.89 


-7.3 3.33 4.56 - 4.65 3.82 
6.29 4.07 3.51 4.30 3.2 - 


3.5 - 5.64 3.75 3.41 4.24 
6.26 4.28 4.24 5.19 3.8 - 
5.71 3.75 4.02 4.64 7.0 - 


3.0 2.52 6.35 4.03 3.09 4.31 
3.0 2.69 5.62 3.77 3.33 4.38 22 36 


63 3.7 3.10 6.23 4.33 3.93 5.18 42 
7.2 3.13 5.74 3.78 - 4.70 - - 
3.1 2.33 5.75 3.70 - 4.42 27 28 
3.0 2.27 5.64 3.56 - 4.25 23 24 
3.3 2.30 6.24 3.89 - 4.66 42 37 
3.9 2.93 5.59 3.88 3.47 4.51 20 43 
9.5 3.16 5.69 3.84 3.80 4.69 - - 
8.0 3.33 5.42 3.59 - 4.61 
8.4 3.88 5.88 - 4.66 5.24 
9.2 3.42 5.63 3.82 4.01 4.87 


4.45 3.36 3.78 4.47 4.8 - 
2.8 2.45 4.79 3.64 2.98 4.38 


-3.6 2.60 4.05 3.15 3.11 4.21 
4.8 2.99 4.46 3.36 3.58 4.56 
3.4 2.23 4.67 3.57 - 4.53 
6.5 2.82 4.01 3.29 3.33 4.29 - - 
8.5 3.03 4.42 3.47 3.57 4.53 - - 
7.4 2.96 4.28 3.32 3.44 4.47 - 
3.0 
2.8 
3.0 
3.1 
2.9 
3.1 
3.2 
3.2 
3.4 
3.4 
3.2 
3.5 
3.7 
3.4 
3.6 
3.4 - 
- 


3.81 3.34 
3.64 3.17 . . -  


4.15 3.85 
4.06 3.35 
3.79 3.27 
4.22 3.32 
3.99 3.11 
4.93 3.98 
4.43 3.36 
5.82 3.83 
5.74 3.74 
6.45 4.30 
5.79 3.83 
5.88 3.90 
4.26 3.38 
5.89 3.91 
4.71 3.40 
4.93 3.69 


4.02 
3.87 
4.30 
4.23 
4.07 
4.00 
3.79s 
4.65b 
4.28 
4. lab 
4.03') 
4.68b 
4 .49  
3.92 
3.76 
3.69 


5.71 
- 


1.83 
1.71 
2.10 
1.97 
1.88 
3.82 
3.61b 
4.44b 
4.09 
4 .02  
3.886 
4.51b 
4.35' 
3.74 
3.60 
3.88 


5.71 
- 


6 37 
3 33 


15 57 
3 30 
8 36 


30 36 
24 29 
62 65 
25 30 
31 36 
29 34 
55 61 
26 33 
35 41 
33 39 
35 41 


13 18 
- - 


~~ ~ 


0 The symbols no and vto refer to the chemical shifts of H-1 and H-2 in the appropriate reference Com ounds I, XI, and X, and YI and Y: are the 
chemical shifts of H-1 and H-2 for the compound under consideration. b Differentiation between H-4 ancfH-5 is not certain. c From 2 to 5 drops 
of DrO was added to solubilim the salts in pyridine. * FA signifies the formate salt, obtained by dissolving the amine in formic acid. TFA signifies 
the trifluoroacetate salt. This was obtained by the addition of a few drops of trifluoroacetic acid to a solution of the amine in the given solvent. 
I Differentiation between the NCH, and ArCHs signals is not certain because the two signals are very close. I Two methyl signals. * The coupling 
Constants cannot be determined. AU signals are very broad and poorly resolved, suggesting micellar aggregation of the quaternary salt in b0. 
Addition of a few drops of formic acid causes sharpening of all signals. 


de, and in pyridine containing a few drops of RO, the equilibrium 
favors the normal chair conformation. In chloroform and in formic 
acid-D*O solutions, the equilibrium is shifted predominantly toward 
the inverted chair conformation. It is also noteworthy that the 
formate and trifluoroacetate salts of VIc, in formic acid and chloro- 
form-d, respectively, exhibit a higher population of the inverted 
chair conformation than the corresponding salts of the acetoxy 
derivative VIcAc. 


Figure 1 shows the spectra and predominant conformers of the 
hydrochloride salt of VIIIc in dimethyl sulfoxide-de and formic acid- 
DIO solutions. The inversion of the values of J l r  and J46 in the two 
solvent systems is obvious. On the basis of the extreme shifts in 
equilibrium positions between the two chair conformers for the salts 
of VIc and VIIIc with a change of solvent, it seems reasonable to 
conclude that the observed intermediate Jlr and J4a values for the 
primary, secondary, and tertiary amines and their salts in certain 
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solvent systems represent equilibria of different proportions of the 
two conformers, but the possibility of contributions from twist and 
boat forms is not ruled out. 


There is no doubt that protonation of the amino groups, especially 
the dimthylamino group, increases the steric requirements of the 
groups by forcing the nitrogen into the spa hybrid form and prevent- 
ing strain release by nitrogen inversion. Undoubtedly this factor 
contributes in part to the conformational differences seen between 
VIa, VIb, VIc, and their respective trifluoroacetate salts in, for 
example, chloroform-d. But since one is dealing with thermody- 
namic equilibria, it is the overall free energy differences between the 
various conformers in the given medium that affect the relative 
populations at equilibrium and it would be an oversimplification to 
attribute the observed differences strictly to steric factors of the 
protonated amino groups. The significant differences seen between 
solvent systems indicate that in the salts, as was the case in the free 
amines, intermolecular hydrogen bonding with the solvent molecules 
wrsus intramolecular hydrogen bonding between the hydroxyl and 
the amino function at the C-4 and C-5 positions in the inverted chair 
contributes significantly to the relative free energy states of the 
systems. A comparison of the data for the quaternary ammonium 
salts with those for the protonated dimethylamines also lends sup 
port to this contention. 


In the case of the free amines, the intramolecular hydrogen bond- 
ing will be mostly between the hydroxyl hydrogen and the nitrogen; 
in the salts, it is the oxygen that is the hydrogen acceptor. The 
strength of these hydrogen bonds is not necessarily comparable. The 
differences in energy barriers to rotation of the amino group upon 
alkylation and/or protonation will also affect the strength of hydro- 
gen bonds. The apparent importance of intramolecular hydrogen 
bonding in formic acid is noteworthy. There is a possibility of a 
bridging of the two equatorially oriented functional groups by the 
formate anion or a formic acid molecule. If this plays any role in the 
conformational state of the system, the resulting free energy differ- 
ences would involve differences between two intermolecular hydro- 
gen-bonding states rather than competition strictly between inter- 
molecular and intramolecular hydrogen bonding. The same pbe- 
nomenon could be operative with the trifluoroacetates in chloroform 
and dimethyl sulfoxide-d% but in dimethyl sulfoxide-da the inter- 
molecular association with solvent molecules is expected to play a 
much more important role than in chloroform. 


Another factor which must not be overlooked in considering 
factors that afFect the relative thermodynamic stabilities of con- 
formers of the salts is the stronger basicity of an equatorial than an 
axial amino group, as shown in cis- and rrans4tert-butylcyclo- 
hexylamines (7,13). 
Effects of Quatemization-With the quaternary ammonium salts, 


none of the systems shows a high predominance of chair conformers 
with the o-tolyl group equatorial and the trimethylammonium group 
axial. This is understandable because the trimethylammonium 
group probably has steric requirements that are as demanding as 
those of the tertiary butyl group. What is of greater interest is the 
much lower population of the inverted chair with the quaternary 
salts VId and VIId in formic acid in comparison to the salts of the 
corresponding dimethylamines VIc and VIIc in the same solvent. 
T h i s  again suggests the importance of intramolecular hydrogen 
bonding in the secondary amines, but the possibility of a greater 
contribution from twist or other flexible conformers with the 
quaternary salts is not ruled out. The contributions to the overall 
equilibria from flexible forms cannot be assessed from the present 
data, but it is noteworthy that almost all systems of the quaternary 
salts show unequal populations of the two chair conformers, show- 
ing that the systems cannot consist of flexible forms only. The 
highest population of the inverted chair form is Seen with VIIId in 
formic acid-nO solutions. 


A deformation involving a flattening of the chair ring was invoked 
by Tichi ef al. (11) for strain release in trans-4-tert-butyl-cis-2-di- 
methylaminocyclohexanol and cis-5-tert-butyl-cig2-dimethylamino- 
cyclohexanol, where the dimethylamino group is axial in each case. 
A flattening of this type about the C(2)-C(3) arid C(3-4) bonds, 
with little change in the geometry of the rest of the molecule, was 
found by Shefter and Smissman (14) in 3(a)-dimethylamino-2(a)- 
acetoxy-trans-decalin methiodide in the solid state by single crystal 
X-ray crystallography. The results with the systems in solution 
in the present study give no evidence of significant deformation of 
this type. The effect of such a deformation would be to increase the 
dihedral angle between H-4 and H-5, bringing this angle closer to 


I 
DM80-  de I 1  


r v 1 ,  
1 5 2 4  


I 
ncoon-o,o e 5 / 5  


I I 
L I I I 


6.0 5.0 4.0 3.0 2.0 
P.P.m. (6) 


Figure 1--The 6O-MHz. NMR spectra and predominant conforma- 
tions of trans-2-o-tolylcis-4-N,N-dimethyl~i~~ans-5-hyd~xy- 
cyclohexyl-3,3,6,6-d4 benzoate hydrochloride in dimethyl suljoxide- 
da and in formic acid-Dz0 (95:5) solution. 


90" from its normal value of 60", thus causing a decrease in the J,s 
value with little if any change in the value of JIX. No significant 
change of this type is seen with increased steric requirements of the 
amino group either by methylation to the dimethylamino or by 
protonation. In fact, the sum of J,x and J4s remains quite constant 
throughout the series. Assessment of contribution from this type of 
deformation in the systems is more direct where J,x has the normal 
J., value, and it would be hazardous to eliminate such contributions 
in the quaternary salts on the basis of the consistencies of the sums 
of the JIX and J,s values. 


Half-Cbalr Conformations of Cyclohexene and Epoxldea-The 
data in Table I also show a very high predominance of the half- 
chair conformations, with the aromatic and benzoate substituents 
in equatorial orientations in the cyclohexenes I11 and XI and the 
epoxides IV and V. 


Equatorial-Equatorial Coupling Constants-The data in Table I 
also show that for those systems having the chair conformation 
with H-4 and H-5 in equatorial orientations the J,, values are not 
very sensitive to changes in substituents at C-4 and C-5, as seen by 
comparison of the various aminohydroxy compounds, the dihy- 
droxy Compounds Vlfand Vllf. and the deuterated hydroxy Com- 
pound VIle. 


DesMelQng Elfects-l,3-Diaxial Deshielding-The spatial 1.3- 
diaxial deshielding effect of a hydroxyl group on ring hydrogens is 
a well-documented phenomenon in NMR spectroscopy of six- 
membered ring compounds (5, 15-20). It is also known that the 
effect varies with solvents. There is enhanced deshielding in pyridine 
over chloroform and many other solvents ($19). Acetylation to the 
acetoxy group reduces the deshielding effect (15, 16, 18, 20). The 
tetradeuterated compounds of series VI-IX are well suited for the 
investigation of similar deshielding effects byprimary, secondary, and 
tertiary amino groups and for a comparison of the effects in proton- 
ated and nonprotonated forms. This has been done by comparison 
of the chemical shifts of H-1 in compounds of series VI and VII and 
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Figure 2-The 60-MHz. NMR spectra of trans-2-o-tolyl-cis-4-N- 
merlryfamino-trans-5-/lydroxycyclohexyl-3,3,6,6-d~ benzoate and the 
hydrochloride salt in pyridine. The shiJts upon protonation are desig- 
nated in hertz. 


of H-2 in compounds of series VIII and IX with those of H-1 and 
H-2 in the appropriate reference Compound I or 11 in the same 
solvent. Obviously, the same spectra also provide information on the 
deshielding effects of the hydroxyl group in the same compounds. 
The comparison could not be done in acetone with the primary 
amines because of rapid imine formation, but there was no evidence 
of any imine formation between acetone and the secondary amines. 
The observed shifts are given in hertz at 60 MHz. in Table I. 


The 1,3-diaxial deshielding by the amino and hydroxyl substit- 
uents has meaning only in those systems known to have a high 
predominant population of the chair conformer with the amino and 
hydroxyl groups in axial orientations. Therefore, the deshielding 
shifts have been listed in Table I only for those systems where the 
Jlr  values are 9 Hz. or above. In systems where the inverted chair 
predominates, the downfield shifts of H-1 and H-2, compared to the 
reference Compounds 1 and 11, are mostly the result of a change of 
the orientation of these hydrogens from axial to equatorial. 


The pertinent data for the 1,3-diaxial deshielding by amino 
groups are more complete for the compounds of series VI and VII, 
those compounds in which H-1 is deshielded by the amino groups 
and H-2 is deshielded by the hydroxyl group. It is important to note 
the consistency of the deshielding (YZ - vs0)  by the hydroxyl group 
in a given solvent for those systems having a high predominance of 
the normal chair conformation (tolyl group equatorial). These 
observed YI - PI' deshielding values are generally in excellent agree- 
ment with the corresponding values in the reference Compound 
VlIe, having a deuterium at C-5, as well as for those of the 43- 
dihydroxy Compounds VIf and VIIf and the previously published 
values ( 5 )  of 38 Hz. in acetone and 58 Hz. in pyridine for trans-2-0- 
tolyl-cis-4-hydroxycyclohexanol-3,3,6,6-d4. This information rein- 
forces the conclusion arrived at from observed coupling constants 


that there is no evidence for a significant deformation involving a 
flattening of the chair ring about the C(5)-€(4) bond in these 
compounds in solution. 


1,3-Diaxial deshielding of H-1 by the NHz group at  C-5 in 
Compounds VIa and VIIa is comparable to the deshielding of H-2 
by the C-4 hydroxyl group in dimethyl sulfoxide-de. In pyridine, 
however, a slightly lower deshielding effect by the NHz compared to 
the OH group is observed. Alkylation to methylamino and dimethyl- 
amino derivatives reduces the deshielding in the two solvents. In 
acetone the deshielding of H-1 by the secondary and tertiary amino 
groups is somewhat comparable to the results in dimethyl sulfoxide- 
do. There are undoubtedly several factors involved in the reduction 
of the 1,3-diaxial deshielding effect upon methylation. Changes in 
the time-average orientations of the amino group will af€ect any 
deshielding resulting from the anisotropies of the unshared electrons 
and the N-H and N-CHI bonds, and there are undoubtedly 
differences in the anisotropic properties of the N-H and N K H ,  
bonds. Successive methylation should also affect solvation of the 
amino group, and differences in solvation can affect the time-average 
orientations of the anisotropic solvent molecules associated through 
hydrogen bonding with the NH hydrogens. The role played by sol- 
vation in the decreased deshielding in going from primary to sec- 
ondary to tertiary amines in the free bases is difficult to assess from 
the available data. If orientation of the solvent molecules through 
hydrogen bonding with N-H hydrogens played a dominant role 
in 1,3-diaxial deshielding by the amino group, a larger difference 
should be expected in pyridine than in the other solvents between 
primary, secondary, and tertiary amines. It is interesting that there 
is very little difference in the 1,3-diaxial deshielding effects of the 
protonated versus nonprotonated amino groups in VIa, VIb, VIc, 
and VIIa in dimethyl sulfoxide-ds and in VIa and VIb in pyridine 
containing slight amounts of DtO. Surprisingly, a larger difference is 
not found in pyridine for VIa and VIb upon protonation, where 
hydrogen bonding of the protonated form with pyridine is expected 
to play a larger role. Such a difference is seen in pyridine for the 
protonated versus nonprotonated forms in Compounds VIIIa and 
VIIIb, where the deshielding is on H-2. Comparisons of 1,3- 
diaxial deshielding effects of protonated and free bases are limited to 
those compounds that have a high predominance of the normal chair 
conformation under both conditions. The conformational changes 
brought about by protonation restricts the available data for such 
comparisons. The overall results suggest important contributions 
from the anisotropic properties of the ring C-N and the N--CHz 
bonds to the observed long-range 1,3-diaxial deshielding effects 
caused by free amino groups and aminium cations. If this is the 
case, the C(5)-N bond contributes to deshielding of H-1 while the 
N-CHs bond contributes to shielding of H-1. 


Table I shows that in the imines VIg, VIIg, and VIIIg in acetone, 
the 1,3-diaxial deshielding by the N=C(CD& group is of about the 
same magnitude as the deshielding caused by an NH2 or an OH 
group. When the primary amines are added to acetone-dc at an 
NMR concentration of about 100 mg. in 0.5 ml. of solvent, the 
equilibrium is reached within a few minutes, and at equilibrium the 
NMR spectra show no evidence of any amine. Dropwise addition of 
b0 shifts the position of the equilibrium. and the NMR spectra 
now show the presence of the free amine by the appearance of 
second H-1 and H-5 signals. After the addition of 10 drops of DIO 
to the NMR sample of VIg in acetone-& the ratio of the imine to 
amine was about 3 to 1. The chemical shifts of H-1 and H-5 of the 
primary amine were 6 5.68 and 3.38, respectively. The difference in 
1,3-diaxial deshielding of H-1 by the N=C(CD& and NHz groups 
in this medium is only 4 Hz. at 60 MHz. 


Geminal Deshiefding-A comparison of the chemical shift of H-5 
in VIIe with those of H-5 in VIIa and V l l b  gives an indication of the 
geminal deshielding effects of the amino group in dimethyl sulfoxide 
and pyridine and of the methylamino group in acetone, dimethyl 
sulfoxide, and pyridine. Accurate chemical shifts could not be ob- 
tained for H-5 of VIIc in these solvents because the signal is over- 
lapped by the signals of the aromatic and amino methyl groups. 
The deshielding is more pronounced with the primary amino group 
and decreases successively with the methyl and dimethylamino 
groups. At 60 MHz. there is a geminal deshielding of 80 Hz. in 
dimethyl sulfoxide-d6 and 89 Hz. in pyridine by the NHz group in 
going from VIIe to VIIa; a deshielding of 59 Hz. in acetone, 58 
Hz. in dimethyl sulfoxide-d% and 65 Hz. in pyridine by the NHCHa 
group in going from VIIe to VIIb; and a deshielding of 32 Hz. in 
CDClz in going from VIle to Vllc .  A comparison of the chemical 
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shifts of N-methyl hydrogens in the monomethyl and dimethyl com- 
pounds shows that the signal of the monomethyl group is further 
downfield by from 3 to 14 Hz., with the largest differences occurring 
in pyridine. 


Rotonation of the primary amino group of VIa and VIIo causes 
a downfield shift of H-5 (geminal deshielding) of 17 or 18 Hz. in 
dimethyl sulfoxide46 and of 42-45 Hz. in pyridine. With the sec- 
ondary amines VIb and VIIb, the downfield shift of H-5 upon 
protonation is of the order of 32-34 Hz. in dimethyl sulfoxide-ds, 
while in pyridine it is from 46 to 52 Hz. Thus, there is a significant 
difference in the geminal deshielding of H-5 between the primary 
and secondary amines upon protonation in series VI and VII in 
dimethyl SU1fOXide-d~ but not in pyridine. However, the protonation 
geminal deshielding effect is considerably larger in pyridine than in 
dimethyl sulfoxide-de. The downfield shift of the N - C H ,  group 
upon protonation in series VI and VII in dimethyl sulfoxide-d6 is 
about twice as large for the dimethylamino as for the corresponding 
monomethyl compounds. 


Vicinal Shielding und Deshielding-A comparison of the chemical 
shift of H-4 in VIIe with those of H-4 in Compounds VIIa, VIIb, 
and VIIc gives information on the vicinal shielding effects of the 
NH,. NHCHs, and N(CHI)Z groups where the dihedral angle be- 
tween H-4 and the C(3-N bonds is essentially 60". The data show 
an upfield shift of 19 and 16 Hz. (at 60 MHz.) for H-4 in dimethyl 
sulfoxide and pyridine, respectively, in the primary amine VIIa 
compared to the reference Compound VIIe. The methylamino group 
causes a shielding of H-4 in VIIb of 11, 10, and 5 Hz. in acetone, 
dimethyl sulfoxide-d& and pyridine. respectively. The dimethyl- 
amino group causes a deshielding of H-4 by 4, 4, and 3 Hz. in 
acetone, dimethyl SdfOXide-de, and pyridine, respectively, and 
practically no change in chloroform-d. 


Rotonation of the amino group brings about a significant down- 
field shift of vicinal H-4 in compounds of series VI and VII in com- 
parison to the chemical shifts of H-4 in the free amines. There is 
little difference in this effect between the primary and secondary 
amines of series VI and VII in a given solvent, but there is a sig- 
nificant differepce between dimethyl sulfoxide-de and pyridine for a 
given compound. The shifts in VIo and VIb in dimethyl sulfoxide-do 
are 26 and 23 Hz., respectively. but they are 49 and 42 Hz. in 
pyridine. For VIIa and VIIb the shifts are 26 and 24 Hz., respec- 
tively, in dimethyl sulfoxide-do and 52 and 35 Hz. in pyridine. For 
the dimethyl Compounds Vlc and Vllc, the shift of H-4 in dimethyl 
sulfoxide-d6 upon protonation is 13 Hz. in each case, but only 
VIc-HCI of the two salts is shown to have a high predominance of 
the normal chair form. 


The shifts upon protonation are demonstrated for VIIIb in 
pyridine in Fig. 2. 


Although there is a significant vicinal deshielding upon protona- 
tion in these compounds, the net vicinal Wie ld ing  effects of the 
aminium cation, as Seen by comparison of the chemical shift of H-4 
in VlIe with those of H-4 in the protonated amines, is not as large 
as the shift observed in going from the free amine to the protonated 
form with the primary and secondary amin&. This results from the 
fact that the free NHI and NHCH, groups cause a vicinal shielding 
of H-4 in VIIa and VIU. 


Demarco et a/. (19) compiled data on deshielding effects in pyri- 
dine relative to chloroform for geminal and vicinal deshielding by 
the hydroxyl group, and they pointed to the dihedral angle de- 
pendency for the solvent difference of the vicinal deshielding by 
the hydroxyl group. The data on the chemical shifts of H-4 and H-5 
of Compound VIIe are of special interest, because they provide in- 
formation on these effects in a system where the hydroxyl function 
and the deshielded hydrogens are remote from other functional 
groups. The observed downfield shift differences of 0.23 and 0.22 
p.p.m. for H-4 and H-5, respectively, in pyridine relative to CDClr 
are in good agreement with differences listed by Demarco er d. (19). 
The differences in these two solvents are even greater for the chemi- 
cal shifts'of H-1 and H-2 in VIIe, but in this AXsystem the'presence 
of the aromatic group may affect the chemical shift of H-I differ- 
ently in the two solvents. With respect to H-2, in addition to the 
solvent difference on the vicinal deshielding by the OH group is 
added the difference of these solvents on the 1,3-diaxial deshielding 
by the C-4 hydroxyl group. There is also a possibility that the 
geminal deshielding of H-2 by the aromatic group could be different 
in the two solvents. The observed difference of 0.58 p.p.m. in the 
chemical shift of H-2 in the two solvents is the result of a summation 


of these effects. The differences in the other three solvents are also 
of interest. 


Deshielding by the Double Bond-The long-range deshielding 
effect of the double bond is seen by comparison .of the chemjcal 
shifts of the hydrogens on the nitro- and aromatic-bearing carbons, 
respectively, between Compounds X and XI. Deshielding values of 
0.22 p.p.m. for H-1 and 0.29 p.p.m. for H-2 in XI, measured in 
carbon tetrachloride, are in agreement with reported values in an 
analogous system in chloroform-d (20). Similar results are Seen by 
comparison of the Chemical shifts of H-1 and H-2 between I and 
I11 in carbon tetrachloride, acetone-&, dimethyl sulfoxide-d6, and 
pyridine. The deshielding of H-1 varies from 0.17 to 0.21 p.p.m. in 
the four solvents, and the deshielding of H-2 varies between 0.31 
and 0.33 p.p.m. The larger deshielding of H-2 could be associated 
with a difference in the average orientation of the o-tolyl group in 
the saturated oersus the unsaturated compounds, causing a slight 
difference in the deshielding of H-2 by the magnetic anisotropy of 
the tolyl group. It is also possible that the magnetic anisotrop); of 
the benzoate functional group has different effects on H-2 and/or 
H-1 in the unsaturated and saturated compounds. 


Deshielding by the Epoxy Group-The anisotropic effects of the 
epoxy group in substituted epoxycyclohexanes were reported 
previously (20). In the half-chair conformation of trans- and cis-4,5- 
epoxy-truns-2~pchlorophenyl)nitrocyclohexane, the epoxy group 
was found to cause a deshielding of the axial hydrogen cis to the 
epoxy group, and two carbons removed from it, by about 0.2-0.26 
p.p.m. when measured in chloroform. Little effect was found on the 
chemical shift of Qe trans-axial hydrogen two carbons removed 
from the epoxy group. For epoxides IV  and V, again the Jlt values 
indicate a large predominance of the expected half-chair conforma- 
tion. A comparison of the chemical shifts of H-l and H-2 in epoxide 
IV with the c h e ~ c a l  shifts of H-1 and H-2 in the reference ester I 
shows a deshielding of H-2 ranging from 0.25 to 0.36 p.p.m. in the 
four solvents, with little change in the chemical shift of H-I. This 
substantiates the previous results (20). Epoxide V Was investigated 
only in carbon tetrachloride. It shows a dehielding of H-1 by 0.12 
p.p.m.andofH-2byO.M'p.p.m. 


EXPERIMENTAL' 


Compounds 111, IV, V, and XI-These compounds were prepared 
by the methods previously described for the Corresponding hy- 
drogen-containing compounds (6, 21), except that m-chloroper- 
benzoic acid was used instead of perbenzoic acid for the epoxida- 
tion. The selective incorporation of deuterium on carbons 3 and 6 
was accomplished by using buta$ene-1,l,4,4-d4 (1, 22) instead of 
butadiene in the Diels-Alder condensation step of the synthetic 
scheme (6). 


Compound I-This compound was obtained by catalytic hy- 
drogenation of 111 using 5 %  palladium-on-carbon in ethyl acetate, 
m.p. 71-73'. Mass spectral analysis for the molecular ion gave 
m/e298.1880(calc. for GOH~BD,OZ: 298.1866). 


Compound II-This compound was obtained by basic hydrolysis 
of 1. The corresponding hydrogencontaining compound was re- 
ported previously (22). 


Compound VlIe-This compound was obtained by lithium 
aluminum deuteride reduction of 1V. The corresponding hydrogen- 
containing comRound was reported previously (6). 


Compound Vlj-This comp6qnd was obtained by acidcatalyzed 
hydrolysis of a mixture of 1V and V by warming for 5 min. in a 
solution of 7% sulfuric acid in a mixture of 60% dioxane in water. 
The corresponding hydrogen-containing compound w a s  also pre- 
pared and recrystallized from a mixture of dioxane, benzene, and 
hexane, m.p. 173.5-174". 


AnaL-Calc. for &H&,: C, 73.60; H, 6.79. Found: C, 73.43; 
H, 6.80. 


Compound VIIf-This compound was obtained from basic 
hydrolysis of Vlf. The oorresponding nondeuterated analog was 
also prepared and recrystallized from water. The compound undex- 


1 The NMR spectra were recorded on a Varian A-60 spectrometer at 
an operatin temperature of about 37" for all compounds except XI& 
XI11 and ?V, which were obtained on a Varian T-60 instrument, also 
at 3j". Tetramethylsilane was used as the internal reference in all sol- 
vents, except in DzO where solum 2.2-dimeth 12-silapentane-5-sul- 
fonate was used. The spectra were obtained on &shly prepared solu- 
tions. 
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TaMe 11-Physical Constants and Analytical Data for rmns-2-o-Tolyl-cis-4-hydroxy-rmns-5-meth, 
trans-2-o-Tolyl-cis-4-meth~la~~tmn~~hydroxycyclohexanol. and the Corresponding Dimethylamino and 1-Benzoate Derivatives 


Melting Point- -Analysisa, %-- 
Compound Amine Hydrochloride Methiodide calc. Found 


VIIIb 


1% 


VIC 


VIlC 


VIb 162.5-164' 


VIIb 148-149" 


- 


- 


57-158" 


63-163.5" 


VIIIC 142-143.5" 


1% 5 1-74 "* 


276-279" 


263-264.5 ' 


240-241 . 5  ' 


211-213" 


214-217 OC 


260-263.5 O 


240.5-245.5 " 


248-250" 


- 


- 


- 


- 


202.5-204 ' 


205-207 " 


234-234.5" 


89-162". 


c -  
H -  
N -  
C 61.85 
H 8.16 
N 5.16 
c -  
H -  
N -  
C 61.85 
H 8.16 
N 5.16 c 74.75 
H 7.70 
N 3.W 
C 63.04 
H 8 . 4 6  
N 4.90 c 74.75 
H 7.70 
N 3.96s 
C 63.04 
H 8 . 4 6  
N 4.90 


62.01 
7.79 
5.20 - - - 
61.94 
8.17 
4.99 
74.79 
7.45 
3.85' 
63.14 
8.20 
4.85 
74.56 
7.91 
4.01' 
63.22 
8.37 
5.15 


a The analyses are on the hydrochloride salts unless stated otherwise. b Analysis on the free amine. c Appears to undergo polymor hic changes, 
melts at about 210", resolidifies. and remelts between 214-217". d Crystallizes as a hydrate from an acetone-water muture. @ Crystakzes as a 1 :l 
dioxanc complex from dioxane-methanol solution. The ratio of dioxane was determined by NMR. 


goes polymorphic changes upon heating: melts at 150-153", re- 
solidifies at 156-160", and remelts at 177.5'. 


Ana/.--Calc. for CIIHIIOI: C, 70.24; H, 8.16. Found: C. 69.97; 
H, 8.15. 


Compound X-This compound was reported previously (1). 
trans-2-o-Tulyl-cidy droxy- tmne-S-aminocyclohexyI-3,3,6,6- 


d, Benzoate (VIahThis compound and the corresponding N- 
methyl (Vlh) and N,N-dimethyl (Vlc) derivatives were obtained 
from the epoxide IV; likewise, the trans-2-o-tolyl-cis4amino- 
rran~-5-hydroxycyclohexyl-3,3,6,6-d4 benzoate (VIIIa) and the coc-  
responding N-methyl (VIIIb) and N,N-dimethyl (VIIIc) derivatives 
were obtained from epoxide V by heating the appropriate epoxide 
with either ammonia, methylamine, or dimethylamine in peroxide- 
free tetrahydrofuran at temperatures ranging from about 100 to 
120" in a stainless steel pressure bomb for 1-4 days (usually for 2 
days). The method is analogous to that described by Mousseron 
et a/.  (23) for opening of epoxides with amines. The yields were 
generally quite good, mostly above 80% and often above 90%. The 
degree of aminolysis of the benzoate group was usually low. Treat- 
ment of the benzoates with potassium hydroxide in methanol gave 
the corresponding dihydroxyamino compounds, VIIa, VIM, VIIc, 
IXu, IXb, and IXc. The quaternary trimethylammonium chlorides 
were obtained from the corresponding dimethylamino compounds 
by heating with a large excess of methyl chloride in anhydrous, 
peroxide-free tetrahydrofuran at 90-95" for 48 hr. in a stainless steel 
pressure bomb. 


Analytical data and physical constants for the nondeuterated 
N-methyl and N,N-dimethylamino derivatives of Compounds VI-IX 
are given in Table 11. The melting points of the methiodide salts 
obtained from the N,N-dimethylamino compounds are also in- 
cluded. The nondeuterated primary amines were not prepared. 
Melting points of the deuterated primary amines and their hydro- 
chloride salts were as follows: VIa, 122.5-123.5"; VIa-HCI, 254- 


167.5'; VWu-HCI, 228.5-231 O; and IXu, 215.5-217.5'. Mass 
spectral analyses were obtained for the diols VIIa and IXa, which, 
in turn, were obtained by basic hydrolysis of the benzoates VIa and 
VIIla. Mass spectral analysis for the. molecular ion gave m/e 
225.1654 for VIln and 225.1648 for IXa (calc. for ClrHlsD4N01: 
225.1660). The mass spectral analyses were carried out on the 
hydrochloride salts. The loss of hydrochloric acid is a normal frag- 
mentation ofsalts ofamines. 


Nondeuterated Compounds VIc and VllIc were converted to the 
corresponding acetates XJI and XI11 by treating with acetic an- 
hydride in anhydrous pyridine, and similar treatment of the non- 


256.5"; VIIU, 139.5-141"; VIIU-HCI, 259-263"; VIIIU, 167- 


deuterated diols VIIc and 1Xc produced the corresponding di- 
acetates XIV and XV, respectively. 


trana-2o-Tolyl-cia4acetoxy- tmna-5-dimethylaminocydohexyl 
Benzoate (XlI)-This compound had a melting point of 140.5- 
141.5"; NMR (pyridine): 6 5.90 (td, 1, poorly resolved, w - 25 
Hz., H-l), 5.48 (m, 1, w = 7 Hz., H-4), 3.81 (td, 1, J = 11.5,4.8 
Hz., H-2), 2.48 (s, 3, ArCH;), 2.43 (s, 6, N-CHI), and 2.17 (s, 3, 
Ac). 


Ana/.-Calc. for G B I ~ N O , :  C, 72.88; H, 7.39; N, 3.54. Found: 
C, 73.05; H, 7.50; N, 3.65. 


The hydrochloride had a melting point of 197-2025". and the 
methiodide had a melting point of 215-217.5". 


t r a n a - 2 - o - T o l y l s i a 4 d y l a ~ ~  trona-5-acetoxycydohexyl 
Benzoate (XIII)-This compound had a melting point of 85.5-87"; 
NMR (pyridine): 6 5.92 (td, 1, partially overlapped by H-5, H-l), 
5.67 (m, 1, overlaps H-1, H-5). 3.83 (dt, 1, J = 11.0, 4.8 Hz., H-2), 
2.50(s, 3, Ar-CH,), 2.30(s,6,N-CHa),and2.l3(s, 3,Ac). 


The hydrochloride salt melts a t  about 208", resolidifies, and re- 
meltsat 214-217". 


And-Calc. for C*4H;oCIN04: C, 66.73; H. 7.00; N, 3.24. 
Found:C,66.46;H,6.!?O;N,3.16. 


The methiodide had a melting point of 208-211 ". 
tmna-2-o-Tolyl-cia4acetoxy- trans-5-dimethylaminocyclohexyl 


Acetate (XlVFThis compound had a melting point of 88.5-91"; 
NMR (pyridine): 6 5.62 (dt, 1, J = 11.0, 4 Hz., H-l), 5.40 (m, I ,  


AnuL-Calc. for ClsHnN04: C. 68.44; H, 8.16; N, 4.20. Found: 
C, 68.13; H, 7.97; N, 4.31. 


The hydrochloride had a melting point of 220.5-224.5'. The 
methiodide melts around 237 ", resolidifies, and remelts a t  246-248". 


t m n a - 2 o - T o l y l - c i - d i ~ y ~ ~ n ~  trana-S-acetoxycydohexyl 
Acetate (XV)-This compound had a melting point of 90-91"; 
NMR (pyridine): 6 5.59 (td, 1, overlapped by H-5, H-1), 5.56 (m, 1. 
overlaps H-1, H-S), 3.60 (dt, 1, J = 10.5, 4.8 Hz., H-2), 2.42 (s, 3, 
Ar-CHI), 2.26 (s, 6, N-CH;), 2.08 (s, 3, Ac), and 1.68 (s, 3, Ac). 


Anal.--Cak. for CloHnNOl: C, 68.44; H, 8.16; N, 4.20. Found: 
C, 68.10; H, 8.10; N, 4.24. 


The hydrochloride had a melting point of 185-188.5", and the 
methiodide had a melting point of 210.5-21 1.5". 


H4),  3.58 (dt, 1, J = 11.2, 5 Hz., H-2), 2.37 (s, 3, AKCHJ), 2.34 
(s, 6, N--CHa), 2.13 (s. ~ , A c ) ,  and 1.72(~, 3, Ac). 
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Excretion of truns-A9-TetrahydrocannabinoI and 
Its Metabolites in Intact and Bile Duct-Cannulated Rats 


ROBERT F. TURK*, WILLIAM L. DEWEY tA, and LOUIS S. HARRISt 


Abstract 0 Tritiated AD-tetrahydrocannabinol (I) was administered 
both orally and intravenously to groups of bile duct-cannulated 
rats and those with their bile duct intact. From 55.8 to 66.9% of the 
total radioactivity was excreted during the 96-hr. period following 
administration. The excretion of radioactivity was minimal in each 
group beyond 48 hr. after drug administration. The major route 
of excretion following the intravenous administration in bile duct- 
cannulated rats was by way of bile (59.4%; feces, 2.7%), whereas 
more radioactivity was excreted in feces (41.5%) than bile (21.5%) 
when the drug was given orally. The radioactivity excreted in the 
feces of the orally medicated rats was mainly extractable in pe- 
troleum ether. This extract was found to contain I by TLC and 
GLC analysis. After intravenous administration, the radioactivity 
in the feces was not extractable in petroleum ether but appeared in 


The earliest reports describing the distribution of Ag- 
tetrahydrocannabinol (I) were made by Miras (1) and 
Joachimoglu et al. (2). These investigators described 
the distribution of ‘C-A9-tetrahydrocannabinol, isolated 
from marijuana grown in a 14COn atmosphere, in the 
rat. The findings of King and Forney (3) using a flu- 
orometric method and those of Turk (4) using TLC 
were consistent with the earlier reports. Human studies 
by Miras and Coutselinis ( 5 )  indicated that only 5.2% 
of smoked radiolabeled hashish was secreted by the 
bile and 16.9 % was excreted through the urine. 


ether, methanol, and water extracts. TLC confirmed that the 
radioactivity in these solvents was associated with metabolites of 
I. Bilecontained mainly metabolites of I ,  as did the urine. Less than 
10% of the radioactivity was excreted in the urine of each group of 
rats. 


Key phrases IJ trans-AD-Tetrahydrocannabinol, radiolabeled, and 
metabolites-excretion kinetics after oral and intravenous ad- 
ministration, intact and bile ducttannulated rats 0 Excretion 
kinetics-radiolabeled trans-Ae-tetrahydrocannabinol and metabo- 
lites after oral and intravenous administration, intact and bile 
ductcannulated rats IJ Cannulation versus noncannulation of bile 
duct-excretion kinetics of radiolabeled tetrahydrocannabinol after 
oral and intravenous administration, rats 


Due to  the recent synthesis of highly purified tritium- 
and carbon-labeled I and their availability to the re- 
search community, more progress has been made con- 
cerning the metabolism and excretion of I. Lemberger 
et al. (6, 7) showed that radiolabeled I is mainly ex- 
creted by man in the feces and to a less extent in the 
urine, mainly as polar metabolites. Agurell et al. (8, 9) 
studied the metabolism and excretion of radiolabeled I 
in the rat and the rabbit. More recently, Klausner and 
Dingell (10) also reported the excretion of I in the rat. 
Their data agree with the excretion data reported by 
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Determination of Dantrolene in Biological Specimens 
Containing DrugRelated Metabolites 


R. D. HOLLIFIELD and JOHN D. CONKLIN' 


Abstract 0 A sensitive and specific method is described for the 
determination of dantrolene, a new skeletal muscle relaxant. 
Method specificity for dantrolene in the presence of dantrolene- 
related metabolites is based on a combination of solvent extrao 
tions, chromatography, and the fluorescence characteristics of 
dantrolene. The method is satisfactory for use with plasma, blood, 
urine, bile, tissues. and feces. Modifications of the dantrolene 
method are also provided for estimating two dantrolene-related 
metabolites in biological fluids. 


Keyphraseu 0 Dantrolene-analysis, biological fluids containing 
metabolites 0 Spectrophotofluorometry-analysis, dantrolene in 
biological fluids containing metabolites 


Dantrolene sodium', 1-[[5-(p-nitrophenyI)furfur- 
ylidene]amino]hydantoin sodium hydrate, is a new 
muscle relaxant which apparently acts directly and 
selectively on skeletal muscle (1-3). During the early 
development of this drug, a spectrophotofluorometric 
procedure was developed for the determination of 
dantrolene, I-[[5-(p-nitrophenyl)furfurylidenelamino+ 
hydantoin, in blood and urine (4). Subsequent investiga- 
tion revealed that dantrolene is metabolized by both 
nonreductive and reductive pathways, and a polaro- 
graphic method was developed which determines the 
total nonreduced or reduced metabolites (5). The drug 
is reduced to 1 {[5-(p-aminophenyl)furfurylideneJamino]- 
hydantoin and subsequently acetylated to I-[[S-(p- 
acetamidophenyl)furfurylidene]amino]hydantoin (5).  A 
major nonreduced metabolite also was isolated which is 
currently designated as Metabolite A (5).  Recently, it 
was established that Metabolite A interferes in the 
determination of dantrolene by the original fluorometric 
procedure. 


A modification of the original procedure is now 
presented for determining dantrolene in biological 
specimens containing known drug-related metabolites. 
The method is satisfactory for use with plasma, blood, 
urine, bile, tissues, and feces. Methods for estimating 
two of the major metabolites, acetylated dantrolene 
and Metabolite A, in plasma, blood, and urine are 
also described. 


EXPERIMENTAL 


Reagents and Instnmmt-The reagents include N,Ndimethyl- 
formamide, reagent grade); ammonium sulfate, special enzyme 
grade'; sodium hydroxide, analytical reagent'; hydrochloric acid, 
analytical reagent'; 1-hexanol, practical grade'; heptane, practical 
grade'; 1-nitropropane, practical grade"; ethyl acetate, swtro-  


1 Dantrium. Eaton Laboratories. 
* Matheson, Coleman and Bell (DX 1730). 
I Schwarz/Mann (1946). 
6 Mallinckrodt Chemical Works (7708 . 
1 Mallinckrodt Chemical Works (2612j. 
8 J. T. Baker Chemical Co. "-229). 
7 Matheson, Coleman and Bell (HX-80). 
I Matheson. Coleman and Bell (NX-705). 


quality; methanol, anhydrous, analytical reagent gradem; and 


A spcctrophotofluorometer1* with the following instrumental 
parameters was used to measure fluorescence. Slit arrangement for 
both excitation and fluorescence was the No. 3 position, the light 
path was adjusted with a No. 3 spacer, and sensitivity was No. 8. 
For dantrolene and Metabolite A measurements, the excitation 
wavelength was 395 nm. and the fluorescence wavelength was 530 
nm. For acetylated dantrolene measurements, the excitation wave 
length was 365 nm. and the fluorescence wavelength was 405 nm. 


Standard SdntiOabFifty milligrams of crystalline dantrolene 
or Metabolite A is dissolved in 50 ml. of N,N-dimethylfonnamide. 
Ten milliliters of this solution is placed in a 100-ml. volumetric 
flask, 40 ml. of N,N-dimethylfonnamide is added, and the solution 
is diluted to volume with water to obtain a drug concentration of 
100 mcg./ml. This solution is then diluted with water to obtain the 
required drug concentrations. Fifty milligrams of crystalline acety- 
lated dantrolene is dissolved in 50 ml. of N,N-dimethylformamide 
to obtain a lOOO-mcg./ml. solution. This solution is then diluted 
with water to obtain the required drug concentrations. 


Analysls of DMweae in Flusma, Blood, and Urlne--To 0.5 ml. 
of biological fluid, add 2.0 ml. of water and then 2.0 ml. of a satu- 
rated ammonium sulfate solution and mix thoroughly. Mix the solu- 
tion with 5.0 ml. of a hexanol-heptane admixture (4:l) by shaking 
the tube vigorously for 1 min. and then centrifuging the sample at 
2OOO r.p.m. for 10 min. Transfer 4.5 ml. of the hexanol-heptane 
extract (top layer) to a test tube and add 2.5 ml. of 0.2 N sodium 
hydroxide. Shake the tube for 2 min. and centrifuge at 2OOO r.p.m. 
for 10 min. Remove 2.0 ml. of the sodium hydroxide extract (bottom 
layer) and place on a hydrated Sephadex G-10 column (0.6 cm. 
wide X 3.5 cm. long). The column is prepared with previously 
hydrated Sephadex. After the extract passea through the Sephadex, 
wash the column with 4.0 ml. of 0.2 N sodium hydroxide and die 
card the eluate. Dantrolene is eluted with 4.0 ml. of a 5z N,N-di- 
methylformamide water solution. Addition of 1.0 ml. of 0.3 N 
hydrochloric acid to  the N, N-dimethylfonnamide eluate adjusts 
the pH to 1-2. Mix the solution with 4.0 ml. of a nitropropam- 
heptane admixture (1 : 1) by shaking the tube vigorously for 1 min. 
and centrifuging at  2OOO r.p.m. for 10 min. 


Then remove a 3.0-ml. aliquot of the nitropropane-heptane 
extract (top layer) for fluorometric measurement. Set the spectre 
photofluorometer at 30 fluorescence units with a 4-mcg. aqueous 
dantrolene standard subjected to  the analytical procedure. The fluo- 
rescence of the solvent extracts from the biological specimens are 
then measured, and the amount of dantrolene is calculated from 
aqueous dantrolene standards. When the fluorescence obtained with 
dantrolene exceeds 30 fluorescmce units, quenching occ1vs. Under 
these conditions the solvent extract is diluted with additional nitro- 
propane-heptane (1:l) containing 2.7% hexanol until a value of 
30 fluorescence units or less is obtained. 


JWnmtion of Metabdlte A in phsmp, Blood, and U~IIW-TO 
0.5 ml. of biological fluid, add 2.0 ml. of water and then 2.0 ml. of 
a saturated ammonium sulfate solution and mix thoroughly. Mix 
the solution with 5.0 ml. of a hexanol-heptane admixture (4:l) by 
shaking the tube vigorously for 1 min. and then centrifuging the 
sample at 2OOO r.p.m. for 10 min. Transfer 4.5 ml. of the solvent 
extract (top layer) to a test tube and add 2.5 ml. of 0.2 N sodium hy- 
droxide. Shake the tube vigorously for 2 min. and centrifuge at 
2OOO r.p.m. for 10 min. Remove 2.0 ml. of the sodium hydroxide 
extract and transfer to a test tube. Addition of 3.0 ml. of 0.3 N 
hydrochloric acid adjusts the pH to 1-2. Mix the solution with 4.0 


Sephadex G-10". 


* Matheson Coleman and Bell (EX-245). 
10 Mallinck&dt Chemical Worka (3016). 
11 Pharmafia Fine Chemicals. 
I* Baird Atomic Fluonspec. model SP-1. 
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Table I-Recovery of Dantrolene from Biological Fluids 
~ ~ 


Fluorescence Units0 Percent 
Dantrolene, mcg. 1 Recove@. 


Fluid Control 0.05 0.10 0.50 1 .o 2.0 4.0 Mean f SD 


Water 0.2 0.3 0.7 3.4 7.4 14.8 29.8 ' - 
Don blood 0.2 0.3 0.7 3.4 7.3 14.8 29.8 99.1 i 0.6 
hi P+ma 
Dog unne 
Human blood 


~ .. -. . . ._ - _. .- . - . . - - . - 
0.2 0.3 0:7 3.3 7.2 14.5 30.2 98.8 f 1.7 
0.2 0 . 3  0.7 3 . 5  6.7 15.4 29.8 99.5 f 4.7 
0 .2  0 . 3  0.7 3.4 7.1 14.4 29.8 98.8 f 1.8  


Human plasma 0.2 0.3 0 . 6  3.4 6.9 14.4 29.8 96.0 f 5.6 
Human urine 0.2 0.3 0.6 3.3 6.7 14.4 29.8 95.1 f 5 . 7  


~ ~ ~~~~~~~ ~ ~ _ _ _ ~ ~  ~ ~~ 


Control-corrected data based on a mean from at least three samples. b Bascd on aqueous dantrolene standards. 


ml. of a nitropropane-heptane admixture (1 : 1) by shaking the tube 
vigorously for 1 min. and then centrifuging at 2OOO r.p.m. for 10 
min. 


Then remove a 3.0ml. aliquot of the nitropropane-heptane ex- 
tract (top layer) for fluorometric measurement. The spectrophoto- 
fluorometer is set at 30 fluorescence units using a 4mcg. aqueous 
dantrolene standard subjected to the analytical procedure. The fluo- 
reScences of the solvent extracts from the biological samples are 
then measured. If a fluorescence greater than 30 units is encoun- 
tered, quenching occurs. Then the solvent extract is diluted with ni- 
tropropane-heptane (1 : l )  containing 2.7% hexanol until 30 fluores- 
cence units or less is obtained. 
To obtain an estimate of Metabolite A in biological fluids, 


aliquots of each sample must be analyzed by this procedure and by 
the procedure described for dantrolene. The amount of fluorescence 
attributed to Metabolite A is based on the difference in fluorescence 
units found between the two methods. The estimated amount of 
Metabolite A present is calculated from aqueous Metabolite A 
standards. 


Analysis of Dantrolene in Bile, Tisrrwe, and FeeegThe dantro- 
lene method was slightly modified since large amounts of dantrolene 
and drug-related metabolites were anticipated in bile, tissues, 
and feces. Homogenize 0.5 g. of tissue or feces in 2.0 ml. of a satu- 
rated ammonium sulfate solution in a Potter-Elvehjem glass homo- 
genizerl'. Add 1.0 ml. of water to the homogenate, mix, and trans- 
fer the homogenate to a test tube. Then rinse the homogenizer tube 
and pestle with 3.5 ml. of water which is added to the homogenate. 
Bile samples are processed by mixing 0.25 ml. of bile with 2.0 ml. 
of a saturated ammonium sulfate solution and then adding 4.5 mL 
of distilled water. 


Mix the homogenate or bile solution with 10.0 ml. of a hexanol- 
heptane admixture (4 : 1)  by shaking the tube vigorously for 1 min. 
and then centrifuging at 2000 r.p.m. for 10 min. Remove 9 ml. of 
the solvent extract (top layer) and place in a test tube. Add 5 ml. of 
0.2 N sodium hydroxide, shake the tube vigorously for 2 min., and 
centrifuge at 2OOO r.p.m. for 10 min. Remove 4.0 ml. of the sodium 
hydroxide extract (bottom layer) and place on a hydrated Sephadex 
(3-10 column (0.8 cm. wide X 9.0 cm. long), prepared as described 
earlier. After the extract passes through the Sephadex, wash the 
column with succeeding 0.2 N sodium hydroxide aliquots of 2.0, 
5.0, and 4.0 ml. Then wash the column with 5.0 ml. of a 20% 
methanol-water solution and discard the eluate. Dantrolene is 
eluted from the column with 8.0 ml. of a 10% N,N-dimethylform- 
amide-water solution. Addition of 2.0 ml. of 0.3 N hydrochloric 
acid to the N,N-dimethylformamide eluate adjusts the pH to 1-2. 
Mix the solution with 4.0 ml. of a nitropropane-heptane admixture 
(1 : 1) by shaking the tube vigorously for 1 min. and centrifuging at 
2000 r.p.m. for 10 min. 


Then remove 3 ml. of the nitropropane-heptane extract (top 
layer) for fluorometric measurement. Fluoromtric measurement 
is handled exactly as described previously for dantrolene, with the 
exception that necessary dilutions to avoid quenching are made with 
nitropropane-heptane ( I  : 1) containing 4.3% hexanol. 


Analysis of Acetylated Dantrdene In Plnsma, Blood, and Urlne- 
Acetylated dantrolene is determined in biological fluids by slightly 
modifying the procedure used to determine dantrolene in tissues. 
Samples are processed by mixing 0.5 ml. of biological fluid with 
2.0 ml. of a saturated ammonium sulfate solution and then with 4.5 


l a  Kontes, size c, K-88550. 
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ml. of distilled water. The dantrolene tissue procedure is then fol- 
lowed as described through the step involving acidification of the 
NJV-dimethylformamide eluate. 


The acidified NJV-dimethylformamide eluate from the Sephadex 
column is mixed with 3.5 ml. of an ethyl acetate-nitropropane 
admixture (9: 1 )  by shaking the tube vigorously for 1 min. and cen- 
trifuging at 2OOO r.p.m. for 10 min. A 2.5ml. aliquot of the ethyl 
acetate-nitropropane extract (top layer) is then removed for fluoro- 
metric measurement. The spectrophotofluorometu is set at 3 fluores- 
cence units with a 3-mcg. aqueous acetylated dantrolene standard 
subjected to the analytical procedure. The fluorescenos of the sol- 
vent extracts from biological samples are. then measured, and the 
amount of acetylated dantrolene is calculated from aqueous acety- 
lated dantrolene standards. When the fluorescence obtained with 
acetylated dantrolene exceeds 3 fluorescence units, quenching 
occurs. Under such conditions the solvent extract is diluted with 
ethyl acetate-nitropropane (9: 1) until a value of 3 fluorescence units 
or less is obtained. 


RESULTS 


Analysis of Danbolene-When subjected to  the procedure, 
dantrolene standards in water, biological fluids, and tissues exhibit 
linear standard curves from 0.1 to  4.0 mcg. The recoveries of added 
dantrolene from dog and human biological fluids (plasma, blood, 
and urine) are presented in Table I. Average recoveries of added 
dantrolene from rat and monkey biological fluids (plasma, blood, 
and urine) were 100.9% f 4.3 SD and 99.8% f 0.4 SD, respec- 
tively, over a range of 0.1-4.0 mcg. The recoveries of added dantro- 
lene from dog bile and selected tissues are presented in Table 11. An 
average recovery of added dantroleme from selected monkey tissues 
of 97. lz  * 5.5 SD was obtained over a range of 0.1-4.0 mcg. 
When 4.0 mcg. of dantrolene was added to dog feces, a recovery of 
100.2% f 2.8 SD was obtained. Agreement between the aqueous 
and reference (fluids, tissues. and feces) dantrolene standards makes 
it unnecessary to analw reference dantrolene standards with each 
set of biological samples. 


As shown by the results in Table I, the low& dantrolene level 
detectable in biological fluids with accuracy is 0.1 mcg./ml., using 
a 0.5-ml. specimen. However, recent investigation revealed that a 


Table II-Recovery of Dantrolene from Dog Bile and Tissues 


Fluid 
or 


Tissue 


Water 
Bile 
LiVW 
Kidney 
Lung 
Muscle 
Heart 
Spleen 
Fat 
Brain 


-Fluorescence Unitso- 
-Dantrolene, mcg.--- Percent 
Con- RecoverP, 
trol 0.1 1.0 4.0 Mean* SD 


0 . 2  0.7 6.6 29.6 - 
0 . 3  0.7 6.3 29.4 98.0 f 2.6 
0 . 2  0.7 6.7 29.4 100.5 f 1.7 
0.2 0.6 6.6 28.8 97.5 f 4.7 
0 . 2  0.7 6.7 29.8 100.9 f 1.2 
0 .2  0 .6  6 .2  29.4 93.2 f 6.2 
0 . 2  0.6 6.7 5.1 
0 . 2  0.7 6.5 f 1 . 1  
0 .2  0 .6  6.5 29.1 95.9 f 5.9 
0 . 2  0.6 6.3 28.8 94.7 f 5 . 3  


3 . 7  


-_ . . 
29.4 98.7 f- 1 
29.4 99.7 


Mean 98.0rt 


0 Control-corrected data based on a mean from at least three samples. 
b Based on aqueous dantrolene standards. 







Table III-Fluorescence of Dantrokne and Related Metabolites 


Compounda structure Fluorescence Unitsb 


Dantrolene 


Amino-dantrdene 


Acetylated dantrolene 


Metabolite A 


74.8 


2.4 


NDc 


2.3 


a Each compound (10 mcg.) was subjected to the method specific for dantrolene. b Control-corrected fluorescence units. c ND - none detect- 
able. d Reference 5. 


Table IV-Recovery of Dantrolene or Metabolite A from Biological Fluids 


c Fluorescence Units. 
Dantrolene, &g. T Percent -Fluorescence Unitso- Percent 


Con- Recoverp, --Metabolite A, mg.- Recoveryb, 
Fluid trol 0.05 0.10 0.50 1.0 2.0 4.0 M e a n f S D  0.10 0.50 1.0 4.0 M e a n f S D  


Water 0.2 0.3 0.7 3 . 5  7.4 14.8 29.8 - 0.4 2.1 4.4 19.8 - 
Dogblood 0.2 0.3 0.6 3.4 7.1 15 .1  29.7 9 6 . 6 f 5 . 6  0.4 2.2 4.3 19.8 100.73=3.0 
Dogplasma 0.2 0.3 0.7 3.6 7.2 15.5 30 .5  101.1 f 2.8 0.4 2.1 4.3 19.8 99.5f 1.0 
Dog urine 0.3 0.3 0.7 3.4 6.8 15.0 29.7 98.1 f 3 . 3  0 .4  2.2 4.2 20.7 1 0 1 . 0 f 4 . 5  
Humanblood 0.2 0.3 0.7 3.4 7.4 15 .1  29.8 9 9 . 8 f  1.6 0.4 2 .0  3.9 19.8 9 5 . 7 f 5 . 7  
Humanplasma0.2 0.3 0.7 3.4 7.0 14.7 29.8 9 8 . 3 f 2 . 4  0.4 2.2 3.9 20.8 9 9 . 5 k 8 . 0  
Humanurine 0.2 0.3 0.6 3 . 3  7.0 14.7 29.1 9 5 . 0 f 5 . 0  0.4 2.2 4 .2  19.8 100.0*4.1 


0 Control-corrected data based on a mean from at least three samples. b Based on aqueou dantrolene or Metabolite A standards. 


concentration as low as 0.02 mcg./ml, is also detectable. Method 
sensitivity for dantrolene is 0.2 mcg./g. in tissues (0.5s. specimen) 
and 0.4 mcg./ml. in bile (0.25-ml. specimen). 


Methad Spedfldty-The specificity of the method for the deter- 
mination of dantrolene is based on a combination of solvent ex- 
tractions, chromatography, and the fluorescence characteristics 
of dantrolene in the nitropropane-heptane admixture (1 : 1). As 
shown by the results in Table 111, appreciable fluorescence is not 
obtained when known dantrolene-related metabolites are subjected 
to the method specific for the determination of dantrolene. 


Analysie of Metabolite A-The dantrolene metabolite A is esti- 
mated in biological fluids by using a combination of the method 
specific for dantrolene and a method capable of measuring both dan- 
trolene and Metabolite A simultaneously. Subjection of either dan- 
trokne or Metabolite A standards in water, plasma, blood, and urine 
to this procedure yields linear curves for both dantrolene and Me- 
tabolite A from 0.1 to  4.0 mcg. Recoveries of either added dantrolene 
or Metabolite A from biological fluids as determined by this pro- 
cedure are presented in Table IV. The procedure has a sensitivity of 
0.2 mcg./ml. (0.5-ml. specimen) for Metabolite A. 


Analysis of Acetylated Dpn-The acetylated dantrolene 
metabolite is determined in biological fluids by slightly modifying 


Table V-Recovery of Acetylated Dantrolene from 
Biological Fluids 


-Fluorescence Unitso- 
YAcetylated Dantrolene, mg.- Percent 
Con- Recovery", 


Fluid trol 0 .2  0.5 1.0 3.0 Mean* SD 


Water 0.4 0.2 0.5 0.8 2.6 - 
Humanblood 0 . 5  0 . 2  0 . 5  0.8 2.6 100.0*0.0 
Humanplasma 0.4 0 .2  0.5 0.8 2.6 103.0% 6.0 
Humanurine 0.4 0.2 0 . 5  0.8 2.6 100.0%0.0 


~~~ ~ 


a Control-corrected data based on a mean from at least three samples. * Based on aqueous acetylated dantrolene standards. 


the method specific for the determination of dantrolene in tissues. 
When acetylated dantrolene standards in water, plasma, blood, and 
urine are subjected to this modified method, linear curves are ob- 
tained from 0.2 to  3.0 mcg. Recoveries of added acetylated dan- 
trolene from biological fluids as determined by this method are 
shown in Table V. Method sensitivity is 0.4 mcg./ml. for a 0.5- 
ml. specimen. Neither dantrolene nor the dantrolene-related me- 
tabolites, amino-dantrolene and Metabolite A, interfere in the analy- 
sis of acetylated dantrolene by this procedure. 


DISCUSSION 


The described method is sensitive and specific for the determina- 
tion of dantrolene in biological fluids and tissues. Essentially, the 
procedure consists of the extraction of dantrolene and two major 
dantrolene-related metabolites, Metabolite A and acetylated dan- 
trolene, from biological specimens into a solvent admixture and 
then into a dilute alkaline solution. Metabolite A is then separated 
and removed from dantrolene and acetylated dantrolene by column 
chromatography. After both dantrolene and acetylated dantrolene 
are eluted, dantrolene is extracted into a solvent admixture and 
measured fluorometrically. 


Apparently, blood dantrokne concentrations are related to the 
resultant skeletal muscle relaxation observed in man after oral ad- 
ministration of dantrolene sodium (6). Since dantrolene-related 
metabolites also are present in the blood under these conditions (S), 
a method specific for dantrolene is required to  evaluate accurately 
the drug-induced pharmacological effect in relation to the concur- 
rent blood dantrolene concentration. This method specificity is also 
necessary for investigating urinary dantrolene excretion since greater 
amounts of both Metabolite A and acetylated dantrolene than of 
dantrolene are found in human urine after oral administration of 
dantrolene sodium (5 ) .  
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Determination of Liothyronine and Thyroxine in 
Dried Thyroid by GLC 


ROMAN BILOUS’ and JOHN J. WINDHEUSER* 


Abstract-The analysis reported here was successful in the quan- 
titative determination of liothyronine and thyroxine in driedthyroid. 
Three basic steps were employed: (a) hydrolysis of the dried thyroid 
to release the iodoamino acids from their protein linkage, (b) sepa- 
ration of liothyronine and thyroxine from the interfering sub- 
stances by extraction and column chromatography, and (c) detec- 
tion and quantitation by GLC. 
Kqphrpses 0 Thyroid, dried-paration, GLC analysis, liothy- 
ronine and thyroxine IJ Liothyronine and thyroxine-separation, 
GLCanalysisindried thyroid [7Thyroxineandliothyronine-separa- 
tion, GLC analysis in dried thyroid 0 GLC-analysis, liothyronine 
and thyroxine in dried thyroid 


The thyroid gland contains a number of iodoamino 
acids, of which the principal hormones secreted are 
thyroxine and liothyronine. Small amounts of 3,3’,5’-tri- 
iodothyronine, diiodotyrosine, and monoiodotyrosine 
are also present (1). However, biological activity a p  
pears to be present only in thyroxine and liothyronine, 
with little or no activity in 3,3‘,5’-triiodothyronine (2, 
3). The original method of standardization was done by 
the determination of total organic iodine (4) or by the 
“thyroxine” iodine content determination of Harington 
and Randall (5) .  Although this method is highly non- 
specific, it is still being utilized, with slight modifica- 
tions, as the official USP XVIII method. 
GLC appeared to hold a great deal of promise in the 


determination of thyroid hormones. The results would 
be specific and would differentiate between the com- 
pounds found useful in therapy, namely liothyronine 
and thyroxine. Other compounds of lesser activity such 


as 3,3’,5’-triiodothyronine would also be separated and 
quantitatively determined. 


The high molecular weight and the lack of volatility 
necessitated the formation of a volatile derivative. 
Derivatives prepared by Stouffer et al. (6) and Richards 
and Mason (7) required a two-step reaction. Zimmerer 
and Grady (8) used a one-step method to form methyl 
derivatives by means of diazomethane, but their deriva- 
tives eluted as a pair of peaks for both liothyronine and 
thyroxine and this did not appear suitable for our a p  
proach. A one-step derivatization method using a silylat- 
ing agent appeared to be the method of choice. Although 
Zimmerer and Grady (8) noted the difficulty in obtain- 
ing reproducible silylation, this was not noticed in our 
work when suitable precautions were taken. Since 
thyroxine and liothyronine are found bound in a pep 
tide linkage to thyroglobulin, which is present in the 
colloid material in the follicles of the thyroid gland (l), 
it is necessary to break this peptide linkage either 
chemically or enzymatically to obtain the free iodo- 
amino acids prior to GC. 


Some authors used alkaline hydrolysis to break the 
peptide linkage (9-1 1) while others used various en- 
zymes to achieve the same result (12-15). Generally, 
the method involved the refluxing of dried thyroid with 
various bases or the utilization of a number of pro- 
teolytic enzymes. The hydrolysates, obtained by either 
method, were extracted with 1-butanol. 


However, the quantitation of liothyronine and 
thyroxine in the 1-butanol extract by GLC was not 
feasible due to the presence of interfering substances 
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Synthesis and Biological Activity of 
1,5-Diphenyl4-aryla~opyra~0les and 
5,5-Dimethylcyclohexane-1,2,3-trione Bishydrazones 


HARI G. GARG', ANU SINGHAL, and J. M. L. MATHUR 


Abshrct 0 A series of l,S-diphenyl-4-aryhpycmles was syn- Key- 0 l , s - D i p h e n y l 4 a r y b p ~ ~ ~ t ~ i ~  and 
thesized and evaluated for antimalarial activity. The compound screened as an- * agents 0 5,5-Dimethyl~~~.b  
possessing the best antimalarial activity of the entire study was 1 , s  ~ ~ ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~  z:ntyhn$*r 
diphenyl-4-mthoxYPhybp~wk* series Of 5,5- sis and screening of 5,5.dithylcyclohexane-1,2,3-trione bishy- 
dimethylcyclohexan~1,2,3-~one bishydrmna was prepared and d r m n a  0 Antimalarial agents, potmtial-synthcsis and screening 
tested as anthclmintics. No signillcant activity was observed. of 1 ,S-diphenyl-4-arylazopyrazoles 


In a previous paper (1) the synthesis and biologi- 
cal data of N*-substituted arylsulfonylpyrazoles (Ic) 
were reported. The test results on rodent malaria per- 
formed with some of these derivatives (Ic, X = 2-C1, 
4-OCH8, or &NOn) were not encouraging; the mean 
survival time of drug-treated, young female, noninbred 
ICR-HA swiss mice infected with a standard intra- 
peritoneal inoculum of Plusmodium berghei (KBG-173) 
increased by 0.1 day compared to controls. In a search 


for efficient antimalarials, analogs of 1,5-diphenyl-4- 
arylazopyrazoles (Iu) were prepared and are reported in 
this article. The compounds were found to possess 
marked improvement in potencies over previous candi- 
dates. 


In view df the anthelmintic activity displayed by Ic, 
a series of 5,5-dimethylcyclohexane- 1,2,3-trione bis- 
hydrazones (IV) containing a few of these groupings was 
synthesized. 


Table I-Chemical and Biological Properties of 1 ,EDiphenyl4arylazopyramk~ i 
Num- Yield, Melting -Analysis, %- Antimalarial Activity 
ber R R' X Point Col09 Formula Calc. Found D TD T/C Remark 


1 


2 


3 


4 


5 


6 


7 


8 


9 
10 
11 


C&, H H  60 180" DR 


c&6 H a  50 195" Y 


H 2-0CH:. 60 188" B 
WCH, 


G H S  H 4-CHa 55 190" Y 


C&l H 4WH:  70 206" 0 


CeHs H 2-0CHs 65 i93" LY 


C&CHOHCHa CH: 2-Br - 101"" - 
CaHsCHOHCHa CHr %NO1 - 123"" - 
CaKHOHCHs CH: 2-CH:. - 780d - 


ECH, 


G & N I  c77.77 n . 7 2  
H 4.93 4.95 
N17.28 17.24 


H 4.18 4.28 
N 15.62 15.41 


H 5.20 5.12 


G H I C ~ N I  C 70.29 70.24 


&HwNIOI C 71.87 71.67 


N 14.58 14.34 
C r J I u N 4  C78.18 78.02 


H5.32 5.22 
N 16.56 16.46 


cnHuN10 C 74.57 74.56 
H 5.08 5.01 
N is.Si 15.61 


C&uNdO C 74.57 74.37 
H 5.08 4.98 
N 15.81 15.91 


GHi'NrOa C68.29 68.01 
H 4.06 4.03 
N 15.21 15.11 


H 5.43 5.31 
N 15.21 15.11 


CUHNNIO C 75.00 74.92 


320 2 3.9 T O ~ ~ C  


320 2 3.9 Toxic 


320 0 1.1 - 


500 0 0.1 - 


320 3 4.4 Toxic 


320 0 2.3 - 


320 0 0.1 - 


320 3 3.9 Toxic 


320 0 0.3 - 
640 0 0.5 - 
640 0 0.3 - 


~~ 


"J. M. L. Mathur. M.S. theah, University of Roorkee. Rmrkce India. 1971. Test data supplied by the Medicinal Chemia Division, Walter 
Reed Army Inshtute for Research. * B = brown, Bk = brick, Bi = blood, Da = dark, D - dull, L = llpht 0 = o r a n g e 3  = red and y 9 


Yellow. C D = dose, mg./kg.; TD = toxic deaths attributed to drug toxicity when mice died 2-5 days postinfectio; ofP. berghef (KBG-173); and TIC 
= increase in survival time of treated mice over controls. * Reference 5. 
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T.bk II-Chemkd and Biological Properties Dimethylcyclohucanal,f3-trione Bishydrszonesa 


-E5kacy at Him Tested Doeh 
Num Yield. Mdting --Analysis,z- Dose, 


ber X Point ColoP Formula Calc. Found T. N C 0 ~ . h .  


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


80 


78 


75 


78 


65 


80 


75 


70 


77 


68 


70 


72 


>270°* 


>270°f 


137” 


264-266”f 


152-1 54”f 


248-249 ”* 


255-257 Of 


240-241 ”* 


250-251 O* 


195-1 96 ”’ 


180” 


21 5-217 ” 


DR 


0 


DaB 


LB 


DaB 


BIR 


DaR 


R 


R 


BkR 


BkR 


DaB 


C 60.91 
H 5.58 
N21.31 
C 61.76 
H 5.88 
N 20.58 
C 61.76 
H 5.88 
N 20.68 c 59.43 
H 5.66 
N 19.81 c 59.43 
H 5.66 
N 19.81 
C 56.00 
H 4.60 
N 19.60 c 50.73 - 
H 4.43 
N 17.75 c 54.66 
H 4.78 
N 22.32 c 54.66 
H 4.78 
N 22.32 
C 51.83 
H 4.31 
N 18.14 
C 51.83 
H 4.31 
N i8Ii4 
C 58.14 
H 5.72 
N 18.50 


60.72 
5.34 


21.41 
61.56 
5.82 


20.68 
61.66 
5.85 


20.60 
59.23 
5.43 


19.79 
59.35 
5.52 


19.69 
56.20 
4.59 


19.42 
50.53 
4.22 


17.55 
54.46 
4.52 


22.22 
54.56 
4.42 


22.30 
51.62 
4.28 


18.12 
51.72 
4.29 


18.04 
58.04 
5.70 


18.48 


0 75 0 


0 0 0  


- - -  


0 0 0  


- - -  


- - -  


0 0 0  


0 0 0  


0 0 5 0  


- - -  


0 0 0  


- 


100 


100 


100/400 


~ ~~~~~ 


.A. Singh% M.S. thesis, University of Roork?, Roorkqe, India, .1971. Test d a e  supplied by Dr. W. C. McOukc. Phili I R a m  !W. 
b See Foprnote of Table I. T, = toxoplasma gondu-RH stram prevention of mortahty in mice, N = nematode& C = ce~todet. n n ~ 0  = oxymd& 


Cbamng. Approxunate L h b .  f Decomposed. 


Compounds of general structure Ia were synthesized 
by the reaction of the sodium salt of oxymethylene- 
acetophenone (2) (11) with aryldiazonium salts to give 
111, which were then condensed with phenylhydrazine. 


Bishydrazones (IV) were obtained by the condensa- 
tion of 2-methyl4-hydroxy-5-pyrirnidylcarbohydrazide 
(V) with 5,5-dimethylcyclohexane-1,2,3-trione 2-aryl- 
hydrazones (V1). Compounds VI were prepared by the 
coupling of the diazotized anilines with 5,Sdirnethyl- 
hexane- 1,3-dione (3). 


R 
Io: R-R”=C&,R’-H 
Ib: R=C&CHOHCHB R‘=CH, R”== 


PHARMAWLQGY 


Pyrazoles of series In and Ib appeared weakly active against P. 
berg& 173 in mice, increasing survival time up to 4.4 hr. over con- 
trols. 


n 


A 
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derivatives (Ia). All of tbwe compounds were recrystallid from 
acetone (Table I). 
S$-Dimetbykyckhxme-1,2,3-trione, 142-MabyI-n-bydroxyJ- 


tion of 2-arylhydrazone of 5,S-dimethylcyclohexane-l,2,Etrione (VI) 
(3) (0.005 mole) in ethanol (15 ml.) and 2mthyI4hydroxy-5- 
pyrimidylcarbohydde (V) (0.005 mole) in glacial acetic acid (1 
ml.) was refluxed for 1 hr. On cooling, shining crystals of IV 
separated out and were recrystdhd from dimethylformamide 
(Table 11). 


p y d d d f l ~ ) - ~ t ~ t d  PaSayl) Bid~ydrrmaes -A SO~U- 


V 


Anthelmintic activity testing of bishydraume derivatives (IV) re- 
vealed that all were inactive except 2-phenyl and 2-(2-nitrophenyl) 
derivatives. 


EXPERIMENTAL' 


l,!bDIphmyl4arylnzopyrPzdes &)-The appropriate aniline 
was diazotized as reported previously (4) and treated with sodium 
salt of oxymethyleneacetophenone (11). The precipitated aryl- 
hydrazone (111) (0.01 mole), on treatment with phenylhydrazine (0.01 
mole) in ethanol and acetic acid followed by refluxing for several 
hours and finally cooling to room temperature, afforded pyrezole 


- 


1 All melting points were determined with a Kofler hot-stage-type 
apparatus and are uncorrected. 
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Synthesis and CNS Depressant Activity of 
Ix&dazolinone Glyoxylates 


NED D. HEINDEL' and MARIA C. CHUN* 


A M  0 Six new imidazolinone glyoxylates, which exist in 
tautomeric equilibria with hydroxyimidazole glyoxylates, were 
synthesized by a new type of Claisen rearrangement and evaluated 
in a neuropharmacological mouse pro&. CNS depression was ob- 
served in several members of the class. 


Keypbrauea 0 Imidazolinone glyoxylates-synthesid and screened 
as potential CNS agents 0 CNS agents, potential--synthesis and 
screening of imidazolinone glyoxylates 0 Imidazoles-synthesis 
and CNS depressant activity of six imidazolinone glyoxylates 


A recent publication (1) described the synthesis and 
characterization of a new type of imidazolinone glyoxy- 
late (11) by the Claisen-like rearrangement of amide 
oxime4imethyl acetylenedicarboxylate adducts (I). 
Pyrolysis of these adducts in refluxing diphenyl ether 
gave 4148% yields of the tautomeric methyl 2-aryl-4- 
oxo-2-imidazoline-5-glyoxylates (11) (Scheme I). The 
impressive history of imidazoles as therapeutic agents 
(2, 3) and, more relevantly, the recent reports that 
several imidazoles function as centrally acting depres- 
sants (4-6) prompted this report of the evaluation of a 
new imidazole class in a primary Irwin neuropharma- 
cological mouse profile (7). 


The amide oximes utilized as starting materials were 
prepared by addition of hydroxylamine to aromatic 


nitriles. These amide oximes were condensed with di- 
methyl acetylenedicarboxylate to yield 1 : 1 adducts (I) 
in which -OH addition to the alkyne had occurred. 


N--OH 
I + CH,OOC--C=C--COOCH, ----t 


A r 4  
"H* 


I 


II 
Scheme I 


H 


-CH,OH 1 
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Caffeine Complexes with Low Water Solubility: 
Synthesis and Dissolution Rates of 1:l and 1:2 
Caffeine-Gentisic Acid Complexes 


T. HIGUCHI and IAN H. PITMAN’ 


~~ ~~~ 


Abstract The syntheses of 1 : 1 and 1 : 2 molecular complexes of 
caffeine with gentisic acid are described, and their rates of dis- 
solution are reported and compared with that of caffeine. Both 
complexes were less soluble in water than caffeine, and their 
rates of dissolution in 0.1 N hydrochloric acid and in a phosphate 
buffer at  pH 7.5 were less than that of caffeine. These complexes 
thus present a potentially useful way of formulating caffeine in 
dosage forms such as chewable tablets that are intended to linger 
in the mouth. Such dosage forms would only release caffeine slowly 
and should, consequently, have an improved taste factor over ones 
containing pure caffeine. The rates of dissolution of the complexes 
were close to those predicted by equations that take into account 
both the diffusional and chemical equilibrium processes occurring. 
These equations are shown to be useful in the selection of a complex 
to achieve a specific dissolution rate. 


Keyphrases 0 Caffeine complexes with gentisic acid-synthesis, 
characterization, solubility, dissolution rate, compared to caffeine 
dissolution rate 0 Dissolution rates of caffeine-gentisic acid com- 
plexes-determination, compared to caffeine dissolution rate 0 
Complexes, caffeine-gentisic acid-synthesis, characterization, 
solubility, dissolution rate 0 Tablets, chewable, potential- 
caffeine-gentisic acid complexes 


Molecular complexes of drugs with other chemicals 
have frequently been proposed’ for inclusion in dosage 
forms to enhance the solubility, chemical stability, and 
absorption characteristics of the drugs. The present re- 


1 This subject is reviewed in ReJerence 1 .  


port describes the results of a search for molecular com- 
plexes of caffeine that would dissolve less rapidly in 
aqueous solutions than caffeine. The complexes that 
were prepared and studied had the stoichiometry of 1 : 1 
and 1 : 2 caffeine-gentisic acid. It is believed that caffeine 
complexes that dissolve less rapidly in water than caffeine 
provide a useful alternative means of formulating 
caffeine in chewable tablets and other dosage forms 
which linger in the mouth. Such dosage forms should 
have an enhanced taste factor over ones containing pure 
caffeine, because their caffeine would be released more 
slowly and, consequently, the intensity of the extremely 
bitter taste produced by caffeine should be reduced. 


The principles involved in this mechanism of taste 
masking are similar to those involved in the use of ion- 
exchange absorbates (2) to mask taste. 


It has long been recognized that caffeine and other 
xanthines form molecular complexes with organic acids 
and organic acid anions (3). The latter type of complex 
is generally more soluble than the xanthine (soluble com- 
plex), while the former is commonly less soluble (in- 
soluble complex). The present report concerns the prop- 
erties of two insoluble complexes. 


EXPERIMENTAL 


Chemicals-Caffeine was recrystallized from water, dried under 
vacuum at 80”, and stored in a desiccator (m.p. 238-238.5’). 
Gentisic acid was boiled in an  aqueous suspension of charcoal and 
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wavelengths (330,347,350, and 355 nm.) where the gentisic acid was 
the main absorbing species. 


Plots of absorbance against time during the dissolution were linear 
initially, but their gradients then decreased continually with time. A 
typical plot is displayed in Fig. 2. Initial rates of change in absorb- 
ance at the analytical wavelength (dD/dtIo were taken to be the 
gradient of the initial linear portion of the curve. Values of (dD/dOo 
were converted to  rates of increase in concentration by using the 
identity: 


F 5 X 10'' M 
1 - - H 


0 1 2 3 4 5 6 7 
10 [GENTlSlC ACID] M 


Figure 1-Plot agaitailrst [gentisic acid],d,l,d of the total concentration 
of caffeine (free and complexed). 


then recrystallized from water (m.p. 205"). All other chemicals were 
of analytical reagent grade and were used without further purifica- 
tion. The water used in all experiments was distilled from aqueous 
acidified potassium permanganate solutions and stored in Pyrex glass 
containers. 


Preparation of Caffeine Complexes-1: I Ca ffeine-Genfisic Acid 
Con7pk,u--Gentisic acid, 15.41 g. (0.11 mole), dissolved in 100 ml. 
of hot water was mixed with 19.42 g. (0.1 mole) of caffeine dissolved 
in 100 ml. of hot water and the mixture cooled rapidly. The com- 
plex precipitated as a microcrystalline powder which, after washing 
with water and drying under vacuum at 80°, had a melting point of 
209.5-210". Titration of a solution of the powder with standard 
sodium hydroxide to the phenolphthalein end-point showed that it 
had a molecular weight of 348 f 1 g. This powder thus corresponded 
to the 1 : 1 caffeine-gentisic acid complex which has a molecular 
weight of 348.31 g. 


1: 2 Cafeine-Genfisic Acid Complex-Caffeine, 19.4 g. (0.1 mole), 
dissolved in 600 ml. of hot water and 33.9 (0.22 mole) of gentisic acid 
dissolved in 600 ml. of hot 3 X 10V M hydrochloric acid were 
mixed, allowed to cool slowly, and shaken at room temperature for 
12 hr. After filtration, washing with water, and drying at 80" under 
vacuum, the microcrystalline precipitate had a melting point of 
194-196". The molecular weight of the complex was shown by titra- 
tion to be 502 + 1 g. The molecular weight of the 1 : 2 complex would 
be 502.43 g. 


Phase Solubility Study Caffeine, 0.45 g. (2.3L7 X 10-3 mole), 
and 10 ml. of water or a standardized gentisic acid solution were 
added to screw-cap vials, which were then sealed and rotated in a 
water bath at 25 + 0.1 O for 24 hr. Preliminary experiments had 
shown that the solutions reached equilibrium after this time. The 
total amount of caffeine in each equilibrated solution was deter- 
mined by filtering the solution, measuring out 1-ml. aliquots, adding 
sufficient sodium bicarbonate to bring them to pH 7, extracting with 
4 X 10 ml. of chloroform, and measuring the absorbance of a solu- 
tion made by combining the chloroform extracts and making them 
up to an appropriate volume with chloroform. Absorbance values 
were converted to concentrations of dissolved caffeine using a pre- 
viously constructed Beer's law plot (Fig. 1). 


Dissolution Rate Studies-The solid whose dissolution rate was 
to be measured was reduced to a uniform particle size by sifting it 
through a 40-mesh sieve and collecting it in a 60-mesh sieve. It was 
then compressed into tablets in an evacuable KBr die2 at 5000 p.s.i. 
for 2 min. using a laboratory press3. A vacuum was applied during 
the compression. The tablets had a diameter of 13 mm. and a thick- 
ness of 3 mm. ( 4 ~ - n i g .  tablet). 


The dissolution medium was either a 0.1 N solution of hydro- 
chloric acid or a pH 7.5 buffer solution, which was made by mixing 
50 ml. 0.1 M potassium dihydrogen phosphate with 40.8 ml. 0.1 M 
sodium hydroxide and 9.2 rnl. of distilled water. 


The method of obtaining absorbance against time data during 
the dissolution process was essentially the same as that described in 
an earlier publication from this laboratory (4). The stirring rate was 
maintained at 45 f 1 r.p.m. The dissolution of caffeine was followed 
at either 290 or 297 nm. and that of the complexes was followed at 


2 Research and Industrial Instruments Co., London, England. 
Fred S. Carver Inc., Summit, N. J .  


56 0 Journal oJPharntaceutica1 Sciences 


($)>. = Ec(F)o 4- EQ(?)>. (Eq. 1) 


where EC and EQ were the molar absorptivities of caffeine and 
gentisic acid, respectively. at the particular wavelengths; and [C] and 
[GI were the corresponding concentrations of these species, respec- 
tively. Preliminary experiments had shown that the dissolved com- 
plex was essentially completely dissociated into caffeine and gentisic 
acid during the initial period of the dissolution process. Because 
EC Y 0 at the wavelengths at which the dissolution of the complexes 
was followed, the term E&f[q/df)>.  could be excluded from Eq. 1 
in these experiments and (d[G]/dt)>. could be calculated directly from 
the absorbance changes. The absorptivities of each species at the 
appropriate wavelength were calculated from independent deter- 
minations and are believed to be accurate to within k 5 Z .  Results 
are included in Table I. 


RESULTS AND DISCUSSION 


Selection of a Molecular Complex of a Drug that Has the De- 
sired Dissolution Characteristics-The rate at which the total A 
component in a molecular complex AB,  will dissolve is given by the 
flux of all forms of A (i.e., AB,, ABn-l, . . , , A )  from the solid-liquid 
interface into the bulk of the solution. In the following discussion 
this flux will be referred to as the rate of dissolution of the complex 
AB,. 


To select rationally a particular molecular complex of a drug 
which will dissolve either faster, slower, or at the same rate as the 
uncomplexed drug, it is useful to be able to predict the relative rates 
of dissolution of these two species. This type of prediction can be 
satisfactorily made in the following manner by using a film theory of 
mass transport. 


Rate of Dissolution of Pure A-The Noyes-Whitney (5) equation, 
which is based on a film theory of mas5 transport, states that in a 
nonreacting medium that is being agitated in a constant manner: 


rate of dissolution of pure A at time r = ~ D A ( S A  - [A]J (Eq. 2) 


In this equation, D A  is the diffusion coefficient of A in the dissolu- 
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Figure 2-Plot againsl rime of the absorbance changes at 297 tvn. 
which accompanied the dissolution o/-caffeine (400-mg. tablet) in 100 
ml. of phosphate buffer at p H  7.5. Stirring &peed = 45 r.p.rn. 







Table I-Rates5 of Appearance of Caffeine (d[cl/dt)o and Gentisic Acid (d[Gl /d t )~  in Solution during the Dissolution at  2s' of Caffeine and 
Its 1 : 1 and 1 : 2 Complexes with Gentisic Acid 


Compound 


Rate of 
Dissolution 
of the Solid, 
M min.-l 


(2); 
M mh-1 


Xasal ytioa1, 
PH nm. m h - 1  


Xasal ytioa1, 
PH nm. 


(2% 
m h - 1  


(2); 
M mh-1 


Rate of 
Dissolution 
of the Solid, 
M min.-l 


2.1  x 10-3 Caffeine (400 mg.) 7 . 5  297b 1.12 - 
8.8  X 10-4 1 : 1 complex (400 mg.) 7.5  347 0.83 


1: 2 complex (400 mg.) 7 . 5  350d 0.61 9 . 4  x 1 0 - 4  4 .7  x 1 0 - 4  
Caffeine (400 fig.) 1 .o 297b 1.05 - 2.0 x 10-3 


2.1 x 10-4 1 : 1 complex (W mg.) 1 .o 3 508 0.43 2.1 x 10-4 
0.21 1 .7  x 1 0 - 4  8 .5  x 10-6 1 : 2 complex (400 mg.) 1 .o 35Y 


8 .8  X 10-4 


~ ~ 


a Values represent the mean of three to four experiments under each condition. b EC = 527. c EQ = 945. d EG = 647. 0 EQ = 2018. EQ = 1252. 


tion medium, SA is the solubility of A in the dissolution medium and 
is the concentration of A in solution at the solid-liquid interface, 
and [AIL is the concentration of A in the bulk of the solution at time 
f. The constant k is proportional to  the surface area of the solid and 
inversely proportional to the thickness of a diffusional layer or film of 
liquid surrounding the solid. This equation has been well tested and 
yields acceptable estimates of the rate of dissolution of pure solids. 


Rate of Dissolution of a Molecular Complex AB,-If a molecular 
complex of a drug can dissociate in solution according to reactions 
such as: 


Kin kt I 
ABn ABn-1 + B ;  . . . ; A B  A + B (Eq. 3) 


it is necessary to use a rate equation that takes into account the 
effects of these dissociation reactions on the flux of AB,. General 
equations of this type were developed by Olander (6) and he estab- 
lished that, for such a system, the flux of the total A component is 
equal to the sum of the fluxes of all species containing A. Hence: 


rate of dissolution of AB, at time I = k'  ( D A B , , ( [ A B ~ ] ~  - [AB,]') 


DAB,a-~([ABn-Ilo - [ABn-~ l t )  . . . -I- DA([AIO - [AIL)) (Eq. 4) 


The symbols in this equation have similar meanings to those in Eq. 
2, except that [i]o terms refer to the concentrations of the i species at 
the solid-liquid interface. If the restriction is imposed that the solid 
phase is composed entirely of AB, and this is the only species that 
can reenter the interface, the value of [AB,]o is the intrinsic solubility 
of AB, in the ijissolution medium, SAB,, and values of all other [ilO 
terms are less than the solubilities of these species. 


In discussing the relative rates of dissolution of uncomplexed and 
complexed drugs, it is convenient to consider the initial rates of 
dissolution. These will be the rates of dissolution at times when the 
[ iJ1 terms are very much smaller than the[ilo terms. Thus, if solid sam- 
ples of species A and AB, with equal surface areas are separately 
dissolving in identical solvents that are being agitated in the same 
manner (and hence the k and k '  values in Eqs. 2 and 4 are equal), 
the ratios of their initial rates of dissolution are given by: 


initial rate of dissolution of AB, 
initial rate of dissolution of A R = v  


D A B , , S A B ~  f DAB,_~[AB~-I]O + . . . f DA[AIO - - 
DASA 


(DAB,/DA)SAB, + (DAB,,-I/DA)[AB~-I]O + . . . +_IiQk, 
SA 


=- 


(Eq. 5 )  


In the special situation where the rates of the association and 
dissociation reactions are very fast compared to the diffusional 
processes, it can Lx assumed that equilibrium between all of the 
species containing A is maintained throughout the diffusional layer. 
This situation is believed to apply to the dissolution of caffeine- 
gentisic acid complexes because UV spectral observations suggest 
that they form and dissociate extremely rapidly. Hence, in the dis- 
solution of these complexes, the total concentration at the solid- 
liquid interface of all species containing A would be the same as the 
total concentration of all species containing A that would pertain 
in a solution made by saturating the solvent used in the dissolution 


experiment with AB,. This total concentration (AT) would be given 
by : 


AT = SAB, - [ABn-~lo f . . . + [A10 (Eq. 6) 


and is a property that can be rapidly determined for any complex. 
Substitution of Eq. 6 in Eq. 5 leads to: 


Hence, it can be seen that in situations where the diffusion co- 
efficients of all species have similar values, the relative rates of 
dissolution of complexed and uncomplexed drugs are simply given 
by : 


Equation 8 is expected to give a good estimate of relative dissolu- 
tion rates of caffeine-gentisic acid complexes and caffeine because 
the molecular weights of these species differ by less than a factor of 
3 (molecular weights: 1 :2 complex, 502; 1 :1  complex, 384; and 
caffeine, 196). Hence, the diffusion coefficients of these substances 
are expected to be comparable because the diffusion coefficient is 
proportional to only the 1/2 or power of the molecular weight (4). 


Equation 8 is quite general for dissolution of substances that can 
undergo any rapid reversible reaction in the dissolution medium. 
Hence, as well as taking into account dissociation reactions, it also 
takes into account ionization reactions in the dissolution medium of 
any or all of the species. 


Because the value of AT is dependent on both the intrinsic solu- 
bility of the complex and the extent to which it dissociates or ionizes 
in solution, these factors will also affect the dissolution rate of the 
complex relative to the uncomplexed drug. .Hence, the value 
of R for a particular complex can be increased or' decreased by 
using a solvent that increases or represses, respectively, the intrinsic 
solubilities of the: complex or uncomplexed drug, the dissociation 
reactions, or ionization reactions. 


Sypthesis qna Characterization of Caffeipe-Gentisic Acid Com- 
plexes-The initial-evidence for formation of 1 : 1 and 1 : 2 caffeine- 
gentisic acid cop~plexes was provided by the phase solubility diagram 
shown in Fig. 1. The portion A-D of this diagram is a typical B,-type 
diagram (7). Based on arguments similar to those proposed by 
Higuchi and Connors (7), this portion of ,the diagram provides 
evidence far the 'formation of a 1 : 1 caffeine-gentisic acid complex 
with an approximate association constant of 100 M-' and a solubil- 
ity of the complex of 5 X M. Insufficient data points were ac- 
quired for an accurate determination of the value of the association 
constant. Further evidence that a 1 : 1 complex was precipitating out 
in the C- D region was provided by the isolation of a pure solid 1 : 1 
complex when 100 ml. of a 0.011 M solution of gentisic acid was 
mixed with 100 ml. o fa  0.01 M solution of caffeine. 


The D-H portion of this diagram is interpreted as providing 
evidence for the formation of a 1 : 2 caffeine-gentisic acid complex, 
because this portion is typical of the Bi diagram described by 
Higuchi and Connors (7). The solid phase in the D-F segment 
would be a mixture of 1 :1 and 1 :2 complexes and that in the G-H 
segment would be the 1 :2 complex. Again, confirmation that this 
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Table 11-Experimentally Determined and Predicted0 Rates of 
Dissolution of 1 : 1 and 1 : 2 Caffeine-Gentisic Acid Complexes 
Relative to that of Caffeine 


Solid PH  AT^, M L p t C  Rca~e“ 


1 : 1  complex 7 . 5  4.8 X 4.2  X 10-1 4.6 X 10-1 
1:2complex 7 .5  1.13 x 2.2  X 10-1 1.1  X 10-1 
1:l complex 1.0 8.6 x 1 . 1  x 10-3 8 . 2  x 10-2 
1:2complex 1.0 3.5 X 4.3 X 10-2 3.3 X10-2 
Caffeine 1 .O or 7 .5  1.05 X 10-1 - - 


0 Using Eq. 8. * As defined in Eq. 6 .  c Data from Table I. 


latter conclusion was correct came from the fact that an essentially 
pure solid sample of the 1 : 2 complex precipitated when solutions of 
gentisic acid and caffeine with the molar concentration ratio of 
2.2: 1 were mixed. Although it was not possible to estimate the value 
of the 1 :2 association constant because of the lack of precise data 
points, this portion of the diagram does provide an estimate of the 
solubility of the 1 :2 complex. Thus, the maximum value of the solu- 
bility of the 1 :2 complex can be seen from the value of the G-H 
plateau region to be 5 X lo-‘ M. The caffeine in solution in this 
region could come from the dissolved 1:2 complex and any dis- 
solved 1 : 1 complex or free caffeine that rekulted from its dissocia- 
tion. However, the fact that the concentration of caffeine in solution 
does not decrease with increasing gentisic acid concentration in this 
region suggests that the excess gentisic acid is effectively repressing 
the dissociation of thecomplex, and 5 X lo-‘ M is consequently its 
solubility. This argument would not be valid if a 1 : 3 or higher order 
caffeine-gentisic acid complex was precipitating in this region but 
no evidence was found for this occurrence. 


The total amounts (in M units) of the 1 : 1 and 1 : 2 complexes 
that would dissolve in aqueous 0.1 M HCI and a phosphate buffer 
at pH 7.5 were calculated from the amount of caffeine that could 
be extracted from aliquots of the supernatant liquids over their 
saturated solutions. The results are the A T  values referred to in Eq. 
8, and they are included in Table 11. 


Comparison of Measured and Predicted Initial Dissolution Rates 
of 1: l  and 1:2 Caffeine-Gentisic Acid Complexes and Caffeine- 
The initial rates of dissolution of caffeine and its 1 : 1 and 1 : 2 
gentisic acid complexes were calculated from the results of experi- 
ments carried out as described in the Experimental section. The 
initial rates of appearance of caffeine or gentisic acid in the bulk 
of the solution are listed in Table T. 


During the initial stages of the dissolution of the 1 : 1 and 1 : 2 
complexes (i.e., when the concentrations of solute in the bulk of 
the solution were extremely small), the complexes were essentially 
totally dissociated in the bulk of the solution. Hence, the rate of 
dissolution of the complex was the same as the rate of appearance 
of gentisic acid in the solution in the case of the 1 : 1 complex and 
was half the rate of appearance of the gentisic acid in the case of 
the 1 :2 complex. In all experiments, the dissolving tablets had the 
same dimensions (diameter, thickness, and particle size of the 
powder) and .it was assumed that the surface area of the dissolving 
solid was identical. Stirring rate and temperature were also kept 
constant in each experiment. The rates of dissolution of the com- 
plexes relative to that of caffeine are listed in Table I1 together with 
the values of these ratios that were calculated using Eq. 8. It can be 


seen that Eq. 8 provides a useful way of predicting the rate of dis- 
solution of a molecular complex of caffeine relative to pure caf- 
feine. The fact that the complexes dissolve much faster in a buffer 
at pH 7.5 than in 0.1 M HCI is almost certainly because both the 
complexes and gentisic acid ionize in this medium. It is important 
to remember that while the bulk solvent in the experiments in 
phosphate buffer initially has a pH of 7.5, the pH at the solid- 
liquid interface, where the solvent is saturated with acidic species 
such as gentisic acid and its complexes, is much less. 


The rates of dissolution of the complexes in saliva (pH 6.7-7.3) 
were not measured, but they are expected to approach the rates of 
dissolution in the phosphate buffer. Hence, they would just be 
marginally less than the rate of dissolution of pure caffeine. How- 
ever, in an actual formulation it should be possible to reduce the 
dissolution rate of the complexes in saliva by including excess 
gentisic acid in the formulation. Dissolution of the excess gentisic 
acid would have the effects of both lowering the pH of the dissolu- 
tion medium (addition of 1 ml. 0.1 M gentisic acid to 3 ml. of 
saliva lowers its pH from 6.7 to 3.2) and repressing the dissociation 
of the complexes. Both these effects would be expected, from Eq. 
8, to lower the rate of dissolution. Evidence that this approach is 
valid comes from the observation that when 200 mg. of powdered 
1 : 1 complex was stirred in water, it took 8 min. for the concentra- 
tion of dissolved caffeine to reach 1.1 5 X 10-3 M, whereas the same 
concentration of caffeine was only attained after 113 min. when 
the dissolution medium contained 1 x 10-2 M gentisic acid. 
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Determination of Liothyronine and Thyroxine in 
Dried Thyroid by GLC 


ROMAN BILOUS’ and JOHN J. WINDHEUSER* 


Abstract-The analysis reported here was successful in the quan- 
titative determination of liothyronine and thyroxine in driedthyroid. 
Three basic steps were employed: (a) hydrolysis of the dried thyroid 
to release the iodoamino acids from their protein linkage, (b) sepa- 
ration of liothyronine and thyroxine from the interfering sub- 
stances by extraction and column chromatography, and (c) detec- 
tion and quantitation by GLC. 
Kqphrpses 0 Thyroid, dried-paration, GLC analysis, liothy- 
ronine and thyroxine IJ Liothyronine and thyroxine-separation, 
GLCanalysisindried thyroid [7Thyroxineandliothyronine-separa- 
tion, GLC analysis in dried thyroid 0 GLC-analysis, liothyronine 
and thyroxine in dried thyroid 


The thyroid gland contains a number of iodoamino 
acids, of which the principal hormones secreted are 
thyroxine and liothyronine. Small amounts of 3,3’,5’-tri- 
iodothyronine, diiodotyrosine, and monoiodotyrosine 
are also present (1). However, biological activity a p  
pears to be present only in thyroxine and liothyronine, 
with little or no activity in 3,3‘,5’-triiodothyronine (2, 
3). The original method of standardization was done by 
the determination of total organic iodine (4) or by the 
“thyroxine” iodine content determination of Harington 
and Randall (5) .  Although this method is highly non- 
specific, it is still being utilized, with slight modifica- 
tions, as the official USP XVIII method. 
GLC appeared to hold a great deal of promise in the 


determination of thyroid hormones. The results would 
be specific and would differentiate between the com- 
pounds found useful in therapy, namely liothyronine 
and thyroxine. Other compounds of lesser activity such 


as 3,3’,5’-triiodothyronine would also be separated and 
quantitatively determined. 


The high molecular weight and the lack of volatility 
necessitated the formation of a volatile derivative. 
Derivatives prepared by Stouffer et al. (6) and Richards 
and Mason (7) required a two-step reaction. Zimmerer 
and Grady (8) used a one-step method to form methyl 
derivatives by means of diazomethane, but their deriva- 
tives eluted as a pair of peaks for both liothyronine and 
thyroxine and this did not appear suitable for our a p  
proach. A one-step derivatization method using a silylat- 
ing agent appeared to be the method of choice. Although 
Zimmerer and Grady (8) noted the difficulty in obtain- 
ing reproducible silylation, this was not noticed in our 
work when suitable precautions were taken. Since 
thyroxine and liothyronine are found bound in a pep 
tide linkage to thyroglobulin, which is present in the 
colloid material in the follicles of the thyroid gland (l), 
it is necessary to break this peptide linkage either 
chemically or enzymatically to obtain the free iodo- 
amino acids prior to GC. 


Some authors used alkaline hydrolysis to break the 
peptide linkage (9-1 1) while others used various en- 
zymes to achieve the same result (12-15). Generally, 
the method involved the refluxing of dried thyroid with 
various bases or the utilization of a number of pro- 
teolytic enzymes. The hydrolysates, obtained by either 
method, were extracted with 1-butanol. 


However, the quantitation of liothyronine and 
thyroxine in the 1-butanol extract by GLC was not 
feasible due to the presence of interfering substances 
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which necessitated further purification of the extract. 
It was reported in a previous article (16) that the inter- 
ference was probably due to charring of nonvolatile 
material on the GLC column. 


To accomplish this purification, a number of different 
methods were used: column chromatography (14, 17- 
22), paper chromatography (10,12,13,15), TLC (1 1,23), 
and gel filtration (24). Although all methods achieved 
limited success, they were still not totally specific for 
liothyronine and thyroxine. Quantitation was based on 
the determination of iodine from the separated frac- 
tions. This approach suffered from the obvious disad- 
vantage of being only partially specific, because iodine 
could come from physiologically active and nonactive 
iodoamino acids. 


The clean separation of the physiologically active 
thyroid hormones from the other constituents, present 
after hydrolysis and extraction, is the main problem 
that has defied many workers in this field. Without this 
separation, the specific determination of the amounts of 
liothyronine and thyroxine in dried thyroid is difficult to 
achieve. 


Although GLC has been successfully used for syn- 
thetic mixtures of iodoamino acids, it has not been suc- 
cessfully applied to dried thyroid (6, 8, 24-30). This 
article reports the successful separation and quantita- 
tion of liothyronine and thyroxine from dried thyroid by 
GLC. 


EXPERIMENTAL' 


Roelpnts and Chenl+The following were used: thyroxine 
(T,, 3,5,3',5'-tetraiodothyronine) r e c r y s t d i d  from 80% (v/v) 
aqueous ethanol and 5 ml. 2 N hydrochloric acid (25); liothyronine 
(T,, 3,5,3'-triiodothyronine) USP reference standard; 3,3 ',5 '-triiodo- 
thyronine' (Tt', reverse TI, or Triso); Sephadex G-10'; dimethyl 
silicone'; diatomaceous earth', silane treated, 60-80 mesh; and 
N,O-bis(trimethylsilyl)acetamide. All other chemicals were reagent 
grade. 


solveatn and Sddaos-All solvents were of reagent grade or as 
noted. The following were used: pyridine, anhydrous, reagent 
grade, distilled and stored over potassium hydroxide, b.p. 113- 
115"; 1-butanol, redistilled, b.p. 114"; ammonia-methanol solution, 
5% v/v: ammonium hydroxide in anhydrous methanol; aqueous 
ammonia-methanol solution, 10% v/v: ammonium hydroxide and 
water in anhydrous methanol (10 : 40 : 50); acid-methanol solution, 
5% v/v: hydrochloric acid in anhydrous methanol; and 1-butanol 
equilibrated with 0.1 N sodium thiosulfate. 


Preparatioo of SephnaeX Column-Thirty-three grants of Sepha- 
dex G-10 was mixed with 100 ml. of aqueous ammonia-methanol 
solution, 10% v/v, and allowed to solvate overnight. A column (27 
X 21 cm.) was then prepared and allowed to stand overnight. It 
was foil cowed. 


1 The instrumentation consisted of a Nuclear-Chicago Research gas 
chromatograph, senu 5O00, with hydro en-flame iomzatlon detector 
and U-shaped column .oven; .a Barber&man strip chart recorder. 
series 8O00, equpped with a Lsk chart integratpr, model 205; a Beck- 
man Expandomatlc pH meter, and a Mettler Micro Gram-atic balance. 
high-speed M-5 S/A. The apparatus used were a Buchler portable flash 
eva rator; a Burrell wrist-action shaker (Burrell Co Pittsbur h. 
Pa.rHamilton microliter syringes, 1701-N (10 pl.) and F i l -NCH (&HI 
.); U-shaped borosilicate glass columns. 1.83-m. (aft.) heavy wall t -mm. i.d.; and liquid Chromatography columns, 27 X 2.1 Em.. with 


Teflon stopcocks. 
* Warner-Lambert Research Institute, Lot 9, Feb. 1970, through .Dr. 


Daniel Banes, Director, Office of Pharmaceutical Research and Testing, 
Bureau of Drugs. 


1 Warmacia Fine Chemicals, Piscataway. N. I. 
4 OV-1 Applied Science Laboratories, Inc., State College Pa. 
5 Gar-Chrom Q A phed Science Laboratones, State College, Pa. 
6 Pierce Chemich 80.. Rockford, Ill. 


PROCEDURE 


preparptioo of Sempk-Mix approximately 0.3 g. of dried 
thyroid, accurately weighed, with 3 g, of barium hydroxide [Ba- 
(OH),.8HIo] and 6 ml. of water in a foilavered round-bottom 
flask. Flush with nitrogen and air flux for 6 hr. at 96". When reflux 
temperature is reached, flush again with nitrogen and lightly seal the 
apparatus. Cool and acidify with approximately 3.5 ml. of dilute 
hydrochloric acid (1 : 1) to pH 0.8-0.9 as determined by a pH meter. 
Extract the acidified solution with 10, 5, 5, and 5 ml. of 1-butanol 
saturated with 0.1 N sodium thiosulfate while protecting from 
light. Wash the combined 1-butanol extracts with three 25-ml. quan- 
tities of distilled water saturated with 1-butanol. The final washing 
is to  be neutral to  pH indicator paper. Filter through a medium 
sintered-glass filter. Rinse the separator with 1-butanol and, after 
passing the rinsinm through the filter, combine with the original 
extract. Evaporate to dryness under reduced pressure with a rotary 
evaporator in foilavercd flasks. Add ethanol to aid in removal 
of moisture and evaporate to dryness. 


Transfer the residue quantitatively, using a total of 5 ml. of 
aqueous ammonia-methanol solution, 10% v/v, to a Sephadex 
G-10, light-protected, 27 X 2.lcm. column. Elute with the same 
wlvent. Discard the first 35 ml. of eluate but collect the second 
fraction of 80 ml. Evaporate the eluate to dryness under reduced 
pressure in a light-protected flask. Add 5 ml. of acid-methanol 
solution, 5 % v/v, and evaporate to dryness under reduced pressure. 
Add 5 ml. of ethanol, evaporate to dryness, and flush with nitrogen. 


Add 100 pl. of anhydrous pyridine and 300 pl. of N,O-bis(tri- 
methylsily1)acetamide and heat for 2 hr. a t  50". Refrigerate over- 
night. 


Prepsration of Standard Derivative-Accurately weigh on a 
microbalance approximately 1 mg. of liothyronine and 1.5 mg. of 
thyroxine into a Qml. (l-dram) vial with a foil-lined screw cap. 
Wrap the vial with foil. Add 100 pl. of anhydrous pyridine and 300 
pl. of N,O-bis(trimethylsilyl)aCetemide and heat for 2 hr. at 50". 
Store overnight in a refrigerator. Inject 3 pl. onto the GLC column. 


CLC-For analysis, use GLC under the following conditions: 
1.83-m. (dft.) X 3-mm. i.d. heavy wall borosilicate glass U-shaped 
column, packed with 1 % dimethyl silicone coated onto 60-80-mesh 
diatomaceous earth, silane treated, and conditioned at  300" over- 
night; initial column temperature, 165"; h a 1  column temperature, 
285"; programmed rate, So/&.; chart speed, 1.3 cm. (0.5 in.)/min.; 
nitrogen carrier gas flow, 50 ml./min.; injector temperature, 240"; 
detector temperature, 330"; attenuation for thyroxine, liothyronine, 
and 3,3',5'-triioQthyronine, 16 X 10-n amp.; and attenuation for 
dried thyroid sample. 16 X 1Wi0 amp., changed to 2 X 1Wi0 amp. 
at 235" (13 min.). Inject 3 pl. of standard derivative and obtain the 
awns for liothyronine and thyroxine. Then inject 3 pl. of the dried 
thyroid sample dmivative to obtain areas of liothyronine and thy- 
roxine. 


Quurtitation of Results-Calculate the amount of liothyronine 
and thyroxine from the integration areas: 


where A,, = integrated area of unknown, A, = integrated area of 
standard, C. = milligrams of standard in 400 pl., and W = weight 
of dried thyroid sample in grams. 


RESULTS AND DISCUSION 


Mect of HydrdyL w Syntbetlc MIxhtres of Ljothyroalne and 
Thyroxine and Compktenesll of Extraction-This portion of the 
study was undertaken to determine if the hydrolytic conditions 
caused degradation of the iodoamino acids and if the extraction 
procedure gave quantitative results. To determine these points, syn- 
thetic mixtures of liothyronine and thyroxine were subjected to a 
dhr. hydrolysis as described previously. The hydrolysis flask fitted 
with ao air condenser was protected from light and flooded with 
nitrogen. The recovery of liothyronine and thyroxine was 100.6% 
(1.20) and W.92Z (2.224, respectively, using the described analyti- 
cal procedure. The results are recorded in Table I. 


The study indicated that liothyronine and thyroxine were stable 
under the conditions of hydrolysis; extraction was compkte and 
could be determined by GLC. 
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TaMe I-Recovery of Liothyronine (Ta) and Thyroxine 
(T,) after Hydrolysis 


a 
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$loo0 


s 
E m -  


a 600- 


$ 
g 400 
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z 


-Liothyronine (Tab -Thyroxine (Tc+ 
Added, Found, Percent Added, Found, Percent 


me. mg. Recovery me. me. Recovery 


- 


- 


0.883 0.885 100.2 1.529 1.450 94.83 
0.812 0.792 97.54 1.645 1.585 96.35 
0.905 0.932 103.0 1.610 1.604 99.63 
1.040 1.058 101.7 1.486 1.559 104.9 


Mean 100.6 
u 1.2 


Mean 98.92 
u 2.22 


Table II-Recovery of Liothyronine ( T a )  and Thyroxine (T,) from 
Sephadex (3-10 Columns 


-Liothyronine ( T a b  -Thyroxine (T,+ 
Added, Found. Percent Added, Found, Pacent 
a. ms. Recovery me. mg. Recovery 


1.086 1.111 102.3 1.527 1.619 106.0 
1.086 1.084 99.82 1.527 1.569 102.8 
1.005 1.041 103.6 1.507 1.534 101.8 


Mean 101.9 
u 1.1 


Mean 103.5 
u 1.3 


Ditect extraction of the synthetic m i x t m  without prior hy- 
drolysis was also found to be quantitative. 


Rviflcptioa-Several techniques were attempted to separate the 
iodoamino acids from interfering substances in the 1-butanol ex- 
tract. Column chromatography appeared to offer the greatest 
probability of separation; therefore, cdumns of aluminum oxide, 
diatomaceous earth', and Sephadex G-10, G-15, and LH-20 were 
tried using a number of solvents. RecoverieS ranged from zero to 
95%. The low recoveries could have been due to adsorption on the 
columns or the failure to remove the charring impurities. 


However, when liothyronine and thyroxine were eluted with 
aqueous ammonia-methanol solution, 10% v/v, from a Sephadex 
G-10 column, previously prepared with the same solvent, the first 
fraction of 35 ml. contained the interfering material. The second 
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Figure &Detector response for varying amounts of llothyronlne 
(Ts), 3,3',5'-triiodothyronine (Ta'), and thyroxine (T,). 


7 Celite 535. Johns-Manville, New York, N. Y. 
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F m  2-Temperature-programmed chromatogram of a srandard 
deriwtiw (programmed temperature - 165-285 O ,  programmed rate 
= IO"/min., andattenuation = 16 X IQIO amp.). 


fraction of 80 ml. contained the liothyronine and thyroxine. The 
results are contained in Table 11. 
The success of separation depends on the preparation and pack- 


ing of the column. Reproducible elution patterns were obtained 
only if the Sephadex G-10 was solvated overnight and then the 
packed column was allowed to stand overnight to ensure uniform 
density. Directly before using, 200 ml. of eluting solvent is passed 
through the column. 


After elution and removal of the solvent from the fraction con- 
taining the iodoamino acids, 5 ml. of 5% v/v acid-methanol solu- 
tion is added to the flask and removed under reduced pressure. This 
step is vital to the successful preparation of silyl derivatives. The 
conversion of liothyronine and thyroxine to the acid form is neces- 
sary since the corresponding salts will not readily form these 
derivatives. 


Meet of ~ - I n i t i a l l y .  attempts to elute quantitatively liothy- 
ronine and thyroxine from columns gave low results. It was sus- 
pected that the low results might have been due to light-catalyzd 
degradation. Experiments were then carried out where all opera- 
tions, from elution to the preparation of the trimethylsilyl deriva- 
tive, were protected from light. Recoveries were reproducible and 
quantitative. Based on these findings, all other facets of the pro- 
cedure, from hydrolysis to derivatization, were protected from light 
and treated with nitrogen gas. The exact nature of the degradation 
was not studied further. 


preperatlon of a Trimethylsilyl Derivative-To prepare this 
derivative, a method similar to that of Alexander and Scheig (25) 
was used. Pyridine was used to facilitate silylation of the iodoamino 
acids. The temperature was kept at So, because signs of possible 
degradation appeared when higher temperatures were employed. 
Greater and more reproducible responses were obtained if the 
derivatives were refrigerated overnight. As is the case with most 
trimethylsilyl derivatives, they arc prone to hydrolytic degradation, 
so care must be exercised to prevent contact with moisture. After 
overnight refrigeration, the sample must be allowed to come to 
room temperature before Wig opened. 







Tpble III-Determination of Liothyronine (T:), 3,3‘.5‘-Tkiiod0- 
thyronine (Ti), and Thyroxine (T4) in Dried Thyroid 


Porcine Dried TI, TI ’9 T4. 
Thyroid” mg.ls. me./& me.le. 


Lot 263 containipe 
0.89% wlw 10- 
dine 


Mean 
U 


Lot 102 


Mean 
U 


0.344 
0.355 
0.331 
0.345 
0.392 
0.383 
0.360 
0.358 
0.00s 
0.298 
0.326 
0.312 
0.014 


- 1.571 - 1.352 
- 1 .249 - 1.432 


0.082 1.421 
0.073 1.326 
0.077 1.265 
0.077 1.374 
0.003 0.042 
- 1.348 


0.090 1.187 
0.090 1 ,267 
- 0.081 


0 
830 a 


M 


10 


i 


0 Armour. 


Quantitatire Results-It was found that there was a linear rela- 
tionship between the sample size and recorder response for lio- 
thyronine, 3,3’.5‘-triiodothyronine, and thyroxine as shown in Fig. 
1. A typical chromatogram of a standard derivative is shown in 
Fig. 2. 


When the desaibed method, including the purification step, was 
applied to dried thyroid, the results given in Table 111 w e  obtained. 


Data are presented on two lots of dried thyroid. These results 
appear reasonable based on estimates of iodine content. However, 
it is not possible to  state with absolute certainty the total percentage 
recovery of liothyronine and thyroxine in these samples since the 
absolute analysis is not known. However, when liothyronine and 
thyroxine were added to  dried thyroid (Lot 263) and assayed 
according to the described method, quantitative recovery of the 
added material was obtained when calculated by difference. Al- 
though this is not an absolute proof of quantitation, it does lend 
support to the data. 


A chromatogram of the 1-butanol extract of a dried thyroid hy- 
drolysate is shown in Fig. 3. In addition to liothyronine and thy- 
roxine, 3,3’,5’-triiodothyronine and an unknown were separated. 
The unknown compound is probably an iodoamino acid whose 
identity has still to be verified. 


Other iodoamino acids were not quantitatively determined be- 
cause it was found in previous work that 3-monoiodotyrosine, 3.5- 
diiodotyrosine, and 3,Sdiiodothyronine were not quantitatively ex- 
tracted by this procedure; therefore, correlation with the total io- 
dine content of the dried thyroid powder could not be done. 
Further work to substantiate absolute quantitation must be. carried 
out as well as the correlation of this method with biological activity 
measurements. 
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Excretion of truns-A9-TetrahydrocannabinoI and 
Its Metabolites in Intact and Bile Duct-Cannulated Rats 


ROBERT F. TURK*, WILLIAM L. DEWEY tA, and LOUIS S. HARRISt 


Abstract 0 Tritiated AD-tetrahydrocannabinol (I) was administered 
both orally and intravenously to groups of bile duct-cannulated 
rats and those with their bile duct intact. From 55.8 to 66.9% of the 
total radioactivity was excreted during the 96-hr. period following 
administration. The excretion of radioactivity was minimal in each 
group beyond 48 hr. after drug administration. The major route 
of excretion following the intravenous administration in bile duct- 
cannulated rats was by way of bile (59.4%; feces, 2.7%), whereas 
more radioactivity was excreted in feces (41.5%) than bile (21.5%) 
when the drug was given orally. The radioactivity excreted in the 
feces of the orally medicated rats was mainly extractable in pe- 
troleum ether. This extract was found to contain I by TLC and 
GLC analysis. After intravenous administration, the radioactivity 
in the feces was not extractable in petroleum ether but appeared in 


The earliest reports describing the distribution of Ag- 
tetrahydrocannabinol (I) were made by Miras (1) and 
Joachimoglu et al. (2). These investigators described 
the distribution of ‘C-A9-tetrahydrocannabinol, isolated 
from marijuana grown in a 14COn atmosphere, in the 
rat. The findings of King and Forney (3) using a flu- 
orometric method and those of Turk (4) using TLC 
were consistent with the earlier reports. Human studies 
by Miras and Coutselinis ( 5 )  indicated that only 5.2% 
of smoked radiolabeled hashish was secreted by the 
bile and 16.9 % was excreted through the urine. 


ether, methanol, and water extracts. TLC confirmed that the 
radioactivity in these solvents was associated with metabolites of 
I. Bilecontained mainly metabolites of I ,  as did the urine. Less than 
10% of the radioactivity was excreted in the urine of each group of 
rats. 


Key phrases IJ trans-AD-Tetrahydrocannabinol, radiolabeled, and 
metabolites-excretion kinetics after oral and intravenous ad- 
ministration, intact and bile ducttannulated rats 0 Excretion 
kinetics-radiolabeled trans-Ae-tetrahydrocannabinol and metabo- 
lites after oral and intravenous administration, intact and bile 
ductcannulated rats IJ Cannulation versus noncannulation of bile 
duct-excretion kinetics of radiolabeled tetrahydrocannabinol after 
oral and intravenous administration, rats 


Due to  the recent synthesis of highly purified tritium- 
and carbon-labeled I and their availability to the re- 
search community, more progress has been made con- 
cerning the metabolism and excretion of I. Lemberger 
et al. (6, 7) showed that radiolabeled I is mainly ex- 
creted by man in the feces and to a less extent in the 
urine, mainly as polar metabolites. Agurell et al. (8, 9) 
studied the metabolism and excretion of radiolabeled I 
in the rat and the rabbit. More recently, Klausner and 
Dingell (10) also reported the excretion of I in the rat. 
Their data agree with the excretion data reported by 
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Agurell e l  al. (8, 9); however, there was a difference in 
the rate of excretion between the two studies. The work 
of Klausner and Dingell (10) as well as that of Agurell 
el  al. (8) showed that the radioactive material was 
mainly excreted in the feces and in a polar form. Liver 
perfusion experiments suggest that the main route of 
excretion is by way of the bile (10). This was also sug- 
gested in the early work of Joachimoglu e l  al. (2). 
To our knowledge, no one has reported the quantitative 
excretion of I and its metabolites in the urine, bile, and 
feces after oral and intravenous administration of 
radiolabeled I. Nor has the quantitative excretion of I 
and its metabolites been reported following cannulation 
of the rat bile duct u e r w  noncannulation of the bile 
duct to determine the major route of excretion after 
oral and intravenous administration of the drug. 


We have examined the excretion kinetics of intra- 
venously and orally administered tritium-labeled I and 
its metabolites in the feces, urine, and bile of bite duct- 
cannulated rats and in urine and feces of noncannulated 
rats. The results of these experiments comprise the 6ody 
of this report. 
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EXPERIMENTAL 


Tritium-labeled I(25.4 rc./mg.), labeled in positions 2, 4, 8, and 
10, with radiopurity of 100% and GLC purity of 97z, was ob- 
tained from the National Institute of Mental Health. Male Sprague- 
Dawley rats, weighing between 230 and 260 g., were used in these 
experiments. 


The tritium-labeled I was prepared for intravenous and oral ad- 
ministration by suspending it in bovine albumin (fatty acid poor) 
(11). 


Excretion of Tritium-Laheled I Administered Intravenously- 
Tritium-labeled I (4 mg./kg., 5 @./rat) was administered intra- 
venously to each rat in a total albumin suspension volume of 0.2 
ml. Two groups, consisting of four rats each, were used in this 
experiment. One group was bile duct cannulated and the other was 
not. All rats were housed individually in metabolism cages with 
water and food available adlibiturn. 


70 1 . T  


sn,l 
U R I N E  BILE FECES FECES TOTAL- 


RADIO TRHSD) A?%) A L m i T Y )  


Figure 1-Radioacticity excreted in 96411. period by various routes 
oj'excretion following intracenous ittjection of 1(4 mg./kg., 4.7 rc./rat)  
or oral administration (100 rng./kg., 10 fic./rut); the bars represent the 
standard error of the meaii. Key: I, intravenous, bile duct cannulated 
(n = 4); 0, intracenous, bile duct not cannulatud (n = 4); m, oral, 
bile duct cantiulated (n = 5); and a, oral, bile duct not cannuluted 
(n = 5).  
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Figure 2-Radiouctioity excreted during various time periods follow- 
ing iiitraoenous udministrution (4  mg.lkg., 4.7 fic./rut) or oral ad- 
ministration (100 mg.lkg., I0 Mc./rat). These columns are not cumula- 
tioe; for example, during the first I 2  hi.,  I was excreted in urine, 
10.5% in bile, and 19% in feces following oral administration in 
bile duct-cannuluted rats. Key: ( a )  bile duct cannulated; (b) ,  bile duct 
not cannulated; 0, bile; I, urine; and 81, feces. As in Fig. I ,  each 
group medicated intravenously contained four rats und each group 
medicated orally containedfive ruts. 


The bile duct cannulation was performed 4 days prior to the in- 
jection. Bile and urine were collected separately at  the following 
times: 3, 6, 12, 4%. 72, and 96 hr. after administration of drug. 
Feces were collefted at  12, 24, 48, 72, and 96 hr. after administra- 
tion of drug. 
Excretion of Tritium-Labeled I Administered Orally-Two groups 


of rats (one bile duct cannulated, the other not), consisting of five 
rats each, were used in this experiment. The only variation from 
the intravenous study was that these rats were administered 100 
mg./kg. of Compound I (10 wc.) orally in a total albumin suspension 
volume of 2 ml. 


Determination and Solvent Extraction of Radioactivity in Ex- 
ae-ta-After collection of the excreta, its volume (bile and urine) 
or dry weight (feces) was recorded. The feces, after drying, were 
ground in a mortar to assure a uniform sampling. After the dried 
feces samples were ground, each sample was extracted three times 
for 15 min., first with petroleum ether (30-60"). second with ethyl 
acetate, third with methanol, and finally with water. Each solvent 
extract was pooled, evaporated to dryness, and made up to 10 ml.; 
then a 0.2-ml. aliquot of each was counted in a liquid scintillation 
counter using a scintillation fluid containing 1 1. of a purified 


Table I-Comparison of the Radioactivity Excreted in Bile 
following the Oral or Intravenous Route of Administration 


Percent of Total Radio- 
Collection activity Excreted, 
Period, hr. Route Mean f SE 


0-3 Intravenous 26.03 f 1.47 
Oral 2.42 f 0.63 
Intravenous 10.82 f 0.59 3-6 
Oral 1.98 f 1.13 


6-12 Intravenous 9.29 f 0.71 
Oral 2.85 f 1.16 
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Table 11-Fecal Excretion of 'H in Rats Treated with sH-Aa-Tetrahydrocannabinol 
~~ 


Percent of *H Excreted in Feces Extracted in Solven- 
Oxidized, Not Route of Bile 


Administration Cannulation Petroleum Ether Ethyl Acetate Methanol Water Extracted 


Intravenous Yes Negative Negative Negative Negative Negative 
Intravenous No 3 12 27 16 42 
oral Yes 47 29 8 0 16 
Oral No 10 16 24 16 34 


nonionic detergent', 8 g. of 2,5-diphenyloxazole, 200 mg. of 1,4- 
bis-2-(4-methyl-S-pheenyloxazolyl)-benzene, and 2 I. of toluene. 
After the last water extraction, the remaining fecal sample was 
dried and oxidized in a combustion flask and counted in the liquid 
scintillation counter to determine the remaining radioactivity. The 
amount of radioactivity in the oxidized sample and that found in 
each extraction solvent were combined to determine the total 
radioactivity excreted in feces for each time period. 


Aliquots of bile (0.2 ml.) and urine (0.4 ml.) were counted directly 
in the liquid scintillation counter, and the total radioactivity ex- 
creted by each route was calculated for each collection time. All 
samples were corrected for quenching by internal standardization. 
The remaining bile and urine were each extracted three times with 
petroleum ether and ether as described for the fecal samples. 


Identification of Radioactive Compounds Excreted-The various 
solvent extracts of the bile, feces, and urine were chromatographed 
on TLC System 1 reported by Turk el al. (4, 12.13) and on the TLC 
system (System 2) reported by Lemberger er ul. (6). This was done 
to identify the components present in each solvent extract. System 
1 allows the separation of I from its metabolites, and System 2 
separates the metabolites 8,l l-dihydroxy-A0-tetrahydrmnabinol 
(11) and 11-hydroxyde-tetrahydrocannabinol (111). The presence 
of I was further identified by GLC (4). 


RESULTS 


Intravenous Route of Administration-Bile Duct-Cannulured 
Rars-The excretion of tritium in the bile duct-cannulated rats is 
shown in Figs. 1 and 2. In the bile duct-cannulated rats, 66.9% of 
the radioactivity was excreted during the first 96 hr. Of this amount, 
4.8 was excreted in the urine, 59.4% in the bile, and 2.7 % in the 
feces. The major portion of the radioactivity that was excreted in 
the bile was excreted in the first 3 hr.; after 12 hr., excretion by the 
biliary route dramatically decreased (Table I). 


Excretion of radioactivity in the urine was essentially complete 
within 48 hr. The excretion of radioactivity in the feces was de- 
tectable only during the first 24 hr. 


Noncannulated Rars-In the noncannulated group of rats, 55.8 
of the radioactivity was excreted during the first % hr. (Fig. 1). 
Of this radioactivity, 7.4% was excreted in the urine and 48.4% was 
excreted in the feces. 


Excretion of radioactivity in the urine was greatest in the first 12 
hr. and was negligible for the remainder of the 96-hr. period. Of 
the radioactivity excreted in the feces, the greatest excretion oc- 
curred between the 12- and 48-hr. interval and appeared to be com- 
plete by 72 hr. (Fig. 2). 


Oral Route of Administration-Bile Ducr-Cannulared Rats-The 


Table 111-Biliary Excretion of Radioactivity in Rats Treated 
with aH-Ag-Tetrahydrocannabinol 


Excreted in Extracted in 
Route of Bile, d.p.m. Petroleum Extracted in 


Administration X 1W Ether, d.p.m. Ether, d.p.m. 


Intravenous 5.49 79,766 792,770 
(O.@%Y (7.17%) 


Oral 4.82 71,414 393,554 
(1.48%) (8.17 %) 


0 Percent of total excreted in bile that was extractable in the solvent. 


bile duct-cannulated group of rats excreted 65.5% of the radio- 
activity in 96 hr. Of this radioactivity, only 2.7% was excreted in 
the urine, 41.5% was excreted in the feces, and 21.5% was excreted 
in the bile (Fig. 1). 


Noncannulated Rars-The noncannulated rats excreted 63.6 z of 
the total radioactivity in the 96-hr. period. Of this amount, 6.9z 
was excreted in urine and 56.7 z was excreted in the feces (Fig. 1). 


Identification of Radioactive Compounds Excreted-After visual- 
ization with diazo blue B salt, both TLC Systems 1 and 2 indicated 
the presence of I in the petroleum ether extract of feces and no 
evidence for the presence of metabolites. The presence of I was 
further substantiated by GC and by zone scraping of the TLC 
plate. Counting of the zone scrapings confirmed that the major 
radioactivity was in the zone of the Compound I spot. The ethyl 
acetate, methanol, and water extracts of the feces were plated. Some 
of the components identified in these fractions had the same Rf 
values as I1 and 111. There also existed, in these fractions, radio- 
activity of a more polar nature than I1 and 111. The quantification 
of radioactivity in the various solvent extracts of bile, feces, and 
urine is given in Tables 11-IV. 


DISCUSSION 


The results presented in this paper show that 5547% of the 
radioactivity is excreted within 96 hr. after either an oral or intra- 
venous injection of tritium-labeled I. These data do not agree with 
those reported by Agurell et al. (8). who found that the excretion of 
I was very slow in the rat and that less than 50% of the dose was 
excreted during the 1st week. However, the present data agree with 
those of Klausner and Dingell (lo), who reported that the excretion 
of radioactivity was essentially complete within 72 hr. after an 
injection of I. The present data also show that the major route of 
excretion of I is by way of the bile, mainly as polar metabolites 
(I1 and 111). 


Analytical data indicate that when the bile duct was not can- 
nulated, the radioactivity excreted in the feces following oral dosing 
represented mainly metabolites. However, when the bile duct was 
cannulated, these metabolites were found in the bile but not in the 
feces. Determination of radioactivity following intravenous admin- 
istration showed that there was negligible excretion of radioactivity 
in the feces of bile duct-cannulated animals. However, 8H excreted 
in the feces in the noncannulated rats was associated with metab- 
olites I1 and 111. On this basis, one might theorize that the long 
duration of action of I might be due to enterohepatic circulation of 
either one or more of its metabolites. 


Table 1V-Urinary Excretion of Radioactivity in Rats 
Treated with 'H-A'-Tetrahydrocannabinol 


Excreted Extracted in 
Bile in Urine, Petroleum Extracted 


Route of Ad- Cannula- d.p.m. Ether, in Ether, 
ministration tion x 10' d.p.m. d.p.m. 


Intravenous Yes 0.56 498 26,112 
(0. O9%la (4.69%) 


Intravenous No 2.73 406 31,232 
(0.01%) (1.15%) 


Oral Yes 1.12 692- 5022 
(0.06%) (0.45%) 


Oral No 2.18 1246 99,426 
(0.06%) (4.55%) 


I Triton X-100. 
~ ~~~~~ 


a Percent of total excreted in urine that was extractable in the solvent. 
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A considerable quantity of the radioactivity (47% in bile duct- 
cannulated and 10% in intact rats) excreted in the feces of the rats 
given tritium-labeled I orally was identified as the parent com- 
pound. This material probably represents Compound I, which 
was not absorbed from the GI tract. 


Radioactivity in the urine was in the form of metabolites of I. 
These data agree with previous reports (6, 9) of the appearance of 
polar metabolites in the urine. Zone scraping of the TLC plates 
indicates the presence of metabolites other than 1 l-hydroxyde- 
tetrahydrocannabinol and 8,l Idihydroxy-AB-tetrahydrocmna- 
binol. Identity of this large polar fraction has not been achieved. 
This may be accounted for, in part, by the recently described (14) 
diacetyl derivative found in bile. The identity of the material re- 
maining in the feces after exhaustive extraction is also a mystery. 
Unfortunately, sufficient samples of material were not available for 
hydrolysis studies. These are planned. 
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Interfacial Adsorption of a 
Using Liquid Scintillation 


H. KIMIZUKA* and L. G. ABOOD’ 


Psychotomimetic Drug 


Abstract A study was conducted on the oil-water partitioning 
and interfacial adsorption of aH-2-pyrrolidylmethy1 N-methyl 
cyclopentylphenylglycolate (I), an anticholinergic psychotomimetic 
agent. A new technique for radiotracer adsorption was developed 
involving the use of liquid scintillation counting. Among the phys- 
ical parameters examined were partition coefficient, permeation 
constant, stability constant, and rate constant of I in a two-phase 
system of water and a lipid, didodecyl phosphate (11). I1 greatly 
accelerated the rate of oil-water partitioning of I and exhibited 
interfacial adsorption with I. The presence of polyanions, such as 
hyaluronic acid in the aqueous phase, promotes the transfer of 
drug from the oil to water phase. Equations found applicable to 
permeation of ions across membranes have been used to  describe 
drug transfer through an oil-water interface. 


For a number of years, interest in this laboratory has 
focused on the mechanism of action of a group of 
anticholinergic psychotomimetic agents, particularly 
with regard to their ability to modify the physicochemi- 
cal properties of excitatory membranes (1). A useful 
approach has been to examine the effect of the agents on 


Keyphrasea 0 Adsorption, interfacial, aH-labeled psychotomimetic 
agent-studied using liquid scintillation counting 0 Interfacial 
adsorption and oil-water partitioning of radiolabeled compounds- 
studied using liquid scintillation counting 0 2-Pyrrolidylmthyl N- 
methyl cyclopentylphenylglycolate, radiolabeled-interfacial phos- 
pholipid adsorption and oil-water partitioning studied using 
liquid scintillation counting 0 Anticholinergic psychotomimetic 
agents, radiolabeled-interfacial phospholipid adsorption and oil- 
water partitioning studied using liquid scintillation counting 0 
Liquid scintillation counting-used to  measure interfacial adsorp 
tion and oil-water partitioning of radiolabeled psychotomimetic 
agent 0 Partitioning (oil-water) of aH-2-pyrrolidylmethyI N- 
methyl cyclopentylphenylglycolatestudied using liquid scintilla- 
tion counting 


the interfacial properties of surface films of phospho- 
lipids and membranous proteins using conventional 
interfacial techniques, including the measurement of 
surface adsorption with radioactive compounds (2). 


The technique of surface adsorption involves the 
measurement of a radioactively labeled substance as it 
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DISCUSSION 


At present, two of the major dantrolene-related metabolites re- 
covered from human urine after the administration of sodium dan- 
trolene are reduced acetylated dantrolene and a nonreduced metatt 
olite designated as A (5). The amount of each of these metabolites 
excreted in urine is usually much greater than the corresponding 
amount of dantrolene (5). It is assumed that dantrolene plus Metab 
olite A is primarily responsible for the yellow color observed when 
urine specimens collected from humans receiving sodium dantrolene 
are analyzed by the nitromethane-hyamine procedure, since stand- 
ards of acetylated dantrolene do not exhibit an appreciable att 
sorbance when subjected to the qualitative method. A partial ex- 
planation for this specificity is that acetylated dantrolene does not 
contain the nitro group on the benzene ring which is present in both 
dantrolene and Metabolite A. 


TPMe II--Detcnninations of Urine Specimens from Humans 
Administered Sodium Dantrolene by the Nitrcnnethaat- 
Hyamine Method' 


Concmtrationa, 
Subject Absorbance*, 400 nm. mcs./ml. 


3 
6 
2 
5 


11 


0.098 (0.062) 
0.149 (0.034) 
0.719 (0.013) 
0.745 (o.oisj 
0.541 (0.032) 


3.06 
4.65 
22.47 
23.28 
16.90 


a An encapsulated sodium dantrolene formulation was administered 
orally as a singIe dose at 100 mg. to Subjects 3 and 6 and at 100 mg. 
q.i.d. to Subjects 2, 5, and 11. Urine spemens were collected from 
0-24 hr., pooled, and frozen. A control urine specmen was collected 
juat before drug administration, * Control corrected; flgure in paren- 
theaea represents the control unne absorbance. * Eatmated drug con- 
centration for 0-24 hr.. pcpressed as dantrolene equivalcntq represents 
dantrolene plus Metabolite A. 


extracts from each of the specimens, collected after drug adminis- 
tration, exhibited a visual yellow color following the addition of 
the hyamine reagent (Table XI). Under these conditions, a yellow 
color was not apparent with extracts from corresponding contrd 
urines, collected before drug administration. 


The dantrolene-hyamine complex in nitromethane exhibits an 
absorbance maximum near 400 nm., while the corresponding Metab 
olite A-hyamine complex displays a maximum near 395 nm. When 
subjected to the nitromethane-hyamine procedure, the human urines 
collected after the administration of sodium dantrolene yielded an 
absorbance maximum from 380 to 385 nm. 


An estimate of the drug and metabolite concentration present 
in the urine specimens was obtained by spectrophotometric meas- 
urement (Table 11). These results are expressed as dantrolene equiv- 
alents, based on dantrolene standards, and represent dantrolene 
plus Metabolite A. 
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Dansyl Derivatives of A'- and 
A*-Tetrahydrocannabinols 


Keyphnses 0 Dansyl derivatives of A@- and A'-tetrahydrocan- 
nabinols-synthesis. physical and chemical properties 0 Tetra- 
hydrocannabinols-synthesis of dansyl derivatives, physical and 
chemical properties 


Sir: 


The use of dansyl chloride (5-dimethylamino- I -  
naphthalenesulfonyl chloride, I) in the fluorometric 
determination of amines and phenols is well docu- 
mented (1). Dansylated cannabinol-related compounds 
were recently derived from blood, urine, and saliva 
samples following hashish administration (2). As a 
prerequisite for the development of suitable method- 
ology for the assay of compounds and metabolites 
derived from Cannabis saliva, a series of dansyl deriva- 
tives of several cannabinoid compounds was prepared 
in micromolar quantities and their TLC properties 


were reported (3). The preparation of larger quantities 
of dansyl-A#-tetrahydrocannabinol (11) and dansyl-As- 
tetrahydrocannabinol (111) was accomplished to de- 
termine the physical and chemical properties of them 
derivatives. 


The reaction of As- or As-tetrahydrocannabinol and 
excess dansyl chloride was performed in acetone-water 
solution saturated with sodium carbonate at 40" for 
2 hr. After excess dansyl chloride was hydrolyzed by 
treatment with base, the reaction mixture was ex- 
tracted with ethyl acetate. Compounds I1 and 111 were 
isolated as thick oils. Crystallization could only be in- 
duced by prolonged storage at -5"  in hexane. Re- 
crystallization from hexane or heptane yielded crystal- 
line solids which provided microanalytical values within 
acceptable limits and the correct molecular weight by 
mass spectrometry. The physical and spectral charac- 
teristics of Compounds I1 and 111 are summarized in 
Tables I and 11. 


The reaction of I would be expected to occur on the 
phenolic group of tetrahydrocannabinol. Examples are 
known with reactions similar to dansylation where the 
substituent does not add onto the phenolic oxygen but 
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Table I-Physical and Spectral Characteristics of Dansyl-A@- and 
Dansyl-A-tetrahydrocannabinols (I1 and 111) 


I1 111 


Appearance 


Melting point 
(!corrected) 


A,. in ethanol 


A- excjt+tion 
A, emission 


Greenish-yellow 
crystals 


81-84’ 


345 nm. (t 4100) 
283 s (4590) 
253 (15,860) 


350 nm. 
530 nm. 


Greenisbyellow 
c r y s e  


105-107 


345 nm. (c 3780) 
283 s (3880) 
253 (14.800) 
215 s (46,000) 
350 nm. 
530 nm. 


is substituted into the nucleophilic 2-position of the 
aromatic ring (4, 5). On NMR analysis in deuterio- 
chloroform, the dansylation products of do- or An- 
tetrahydrocannabinol exhibit two doublets, each in- 
tegrating for one proton, in the aromatic region (11, 
6 = 6.45 p.p.m., 6,22; 111, 6 = 6.50 p.p.m., 6.27) with 
a coupling constant of 1.5-2.0 Hz. These signals fit 
an AB system characteristic of rneta-coupled aromatic 
protons. The more downfield proton corresponds to the 
4~position proton and the other to the 2-position proton. 
On this basis, I1 and 111 are proposed to be O-dansyl 
and not C-dansyl compounds. The absence of any ex- 
changeable protons upon the addition of D20  provides 
further evidence to support the proposed structure. 


Dansylated compounds were reported (1) to decom- 
pose when allowed to remain on silica gel for prolonged 
periods. In our experieuce, if pure I1 was left on a silica 
gel thin-layer plate for over 4 hr. in a dry state, the 
original greenish-yellow fluorescence of the spot took 
on a dull-orange color. Scraping and rechromato- 
graphing this spot gave at least two additional spots. 
This observation suggests that I1 undergoes significant 
degradation under the test conditions. The literature 
further documents examples of instability of dansylated 
phenols to UV exposure (6). Irradiation of Compounds 
I1 and 111 on a silica gel plate with 350- or 254-nm. UV 
light caused changes in TLC properties after only 10 
min. 


Solutions of I1 and 111 in ethanol slowly decompose 
regardless of storage conditions. After storage at room 
temperature and exposure to laboratory light, changes 
in color and in the UV absorption spectrum were ap- 
parent after I week. Refrigeration delayed these changes 
for several weeks. However, storage of the crystals in 
screw-capped vials under nitrogen, in the dark, in a 


Table II-Law-Resolution Mass Spectra of Dansyl-A@- and 
Dansyl-A*-tetrahydrocannabinols (I1 Wd 111) 


. ~- ~ 


I1 111 
Relative Relative 
Abun- Abun- 


mle dance m/e dance 


M+ 547 8 M+ 547 18 
M-SO, 483 3 M-SG 483 14 


464 2 464 16 
412 6 412 3 
314 31 313 9 
313 100 23 1 3 
23 1 4 171 100 
171 78 170 86 
170 32 


desiccator produced no observable changes in TLC 
properties in more than 3 months. 
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Mechanism of Phenobarbital Degradation 


Keyphrases 0 Phenobarbital-mechanism of degradation, prod- 
ucts identified 0 Barbiturate degradation-mechanism of ring 
cleavage, phenobarbital and products 


Sir: 
In a recent paper, Garrett et al. (1) further elucidated 


the kinetics of hydrolysis of several important bar- 
biturates. In their studies, they discovered the rather 
surprising fact that diethylmalonuric acid (V) (Scheme 
I) in basic solution may cyclize to form the parent- 
substituted barbituric acid, barbital (IV). Previous 
workers (2, 3) assumed that the hydrolysis of the parent 
barbiturate to the corresponding malonuric acid was 
irreversible, and various degradation schemes were 
predicated on that assumption. Hegarty and Bruice 
(4) also reported a similar reaction in the cyclization 
of 2-ureidobenzoic acid. 


We have now repeated the work relative to diethyl- 
malonuric acid and verified by mass spectrometry that 
the cyclization product of diethylmalonuric acid in 
basic solution is barbital. The reversibility of the hydrol- 
ysis of the barbituric acid nucleus is an important dis- 
covery and may have interesting biological ramifica- 
tions. 


In discussing the reversibility of this reaction, Garrett 
et al. (1) challenged the mechanism of phenobarbital 
degradation proposed by Tishler et al. (3). They put 
forward a rather tortuous argument to explain the ex- 
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derivatives (Ia). All of tbwe compounds were recrystallid from 
acetone (Table I). 
S$-Dimetbykyckhxme-1,2,3-trione, 142-MabyI-n-bydroxyJ- 


tion of 2-arylhydrazone of 5,S-dimethylcyclohexane-l,2,Etrione (VI) 
(3) (0.005 mole) in ethanol (15 ml.) and 2mthyI4hydroxy-5- 
pyrimidylcarbohydde (V) (0.005 mole) in glacial acetic acid (1 
ml.) was refluxed for 1 hr. On cooling, shining crystals of IV 
separated out and were recrystdhd from dimethylformamide 
(Table 11). 


p y d d d f l ~ ) - ~ t ~ t d  PaSayl) Bid~ydrrmaes -A SO~U- 


V 


Anthelmintic activity testing of bishydraume derivatives (IV) re- 
vealed that all were inactive except 2-phenyl and 2-(2-nitrophenyl) 
derivatives. 


EXPERIMENTAL' 


l,!bDIphmyl4arylnzopyrPzdes &)-The appropriate aniline 
was diazotized as reported previously (4) and treated with sodium 
salt of oxymethyleneacetophenone (11). The precipitated aryl- 
hydrazone (111) (0.01 mole), on treatment with phenylhydrazine (0.01 
mole) in ethanol and acetic acid followed by refluxing for several 
hours and finally cooling to room temperature, afforded pyrezole 


- 


1 All melting points were determined with a Kofler hot-stage-type 
apparatus and are uncorrected. 
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Synthesis and CNS Depressant Activity of 
Ix&dazolinone Glyoxylates 


NED D. HEINDEL' and MARIA C. CHUN* 


A M  0 Six new imidazolinone glyoxylates, which exist in 
tautomeric equilibria with hydroxyimidazole glyoxylates, were 
synthesized by a new type of Claisen rearrangement and evaluated 
in a neuropharmacological mouse pro&. CNS depression was ob- 
served in several members of the class. 


Keypbrauea 0 Imidazolinone glyoxylates-synthesid and screened 
as potential CNS agents 0 CNS agents, potential--synthesis and 
screening of imidazolinone glyoxylates 0 Imidazoles-synthesis 
and CNS depressant activity of six imidazolinone glyoxylates 


A recent publication (1) described the synthesis and 
characterization of a new type of imidazolinone glyoxy- 
late (11) by the Claisen-like rearrangement of amide 
oxime4imethyl acetylenedicarboxylate adducts (I). 
Pyrolysis of these adducts in refluxing diphenyl ether 
gave 4148% yields of the tautomeric methyl 2-aryl-4- 
oxo-2-imidazoline-5-glyoxylates (11) (Scheme I). The 
impressive history of imidazoles as therapeutic agents 
(2, 3) and, more relevantly, the recent reports that 
several imidazoles function as centrally acting depres- 
sants (4-6) prompted this report of the evaluation of a 
new imidazole class in a primary Irwin neuropharma- 
cological mouse profile (7). 


The amide oximes utilized as starting materials were 
prepared by addition of hydroxylamine to aromatic 


nitriles. These amide oximes were condensed with di- 
methyl acetylenedicarboxylate to yield 1 : 1 adducts (I) 
in which -OH addition to the alkyne had occurred. 


N--OH 
I + CH,OOC--C=C--COOCH, ----t 


A r 4  
"H* 


I 


II 
Scheme I 


H 


-CH,OH 1 
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TabIe I-Amide %me-Dimethyl Acetyleneaicnrboxylate Adducts 


Ia 


Ib 


Ic 


Id 


H 


CI 


CHI 


H 


H 


H 


H 


H 


H 


H 


H 


ma 


61 


64 


59 


580 


78-79 " 


S7-58 a 


69-70 " 


- 


56.04 CirHi&JiOr c 56.11 
H 5.07 5.22 
N 10.07 10.22 


CIrHi&%Or C 49.91 49.63 
H 4.19 4.04 
N 8.96 8.72 


GHIoNiOr C 57.52 57.25 
H 5.52 5.62 
N 9.59 9.55 


- 
Ie OCHa -8 H 64 82-84" CrHdiOr C 58.81 59.01 


H 5.92 6.02 
N 9.15. 9.32 - Compoundnotda ted  - If CHl CHI H 62' - 


~ 


Q Not obtained in crystalline form; viscous oil8 used directly for cydization step. 


TpMe II-Imidazolinone Glyoxylates 


Corn Yield, MeltifQ - Analysis, x- 
pound RI Ri Rl z Point Formula calc. Found 


IIa H H H 68 24&242 ' C I ~ ~ I O N I O I  c 58.53 58.63 
H 4.09 4.25 
N 11.38 11.20 


IIb a H H 63 256-257 " ~a,clNlor C 51.35 51.49 
3.49 H 3.20 


N 9.98 10.02 


N 10.77 10.63 


N 10.22 10.24 


Simple ketoximes readily add to such acetylene esters 
(8). When these adducts ( I )  are heated to 250°, a thermal 
rearrangement ensues and the imidazolinones result. 
Several such Claisen-like transformations were reported 
recently (2 ,8 ,9 ) .  


BIOLOGICAL ACTIVITY 


Compounds Ha-f were administered as a single intraperitoneal 
injection in water-methylceUuIose solution or suspension to  each of 
four mice. The compounds were nontoxic at doses up to 300 mg./kg.,  
and at  that level all but IIfeffected marked depression and reduction 
of spontaneous motor activity. With the exception of the inactive 
IIJ all of the compounds induced some writhing and an abnormal 
gait in the test animals. With IIa a t  300 mg./kg., there was also a loss 
of righting reflex. The most active member of the class appeared to 
be 116, since physiological signs (depression, lacrimation, body drop, 
loss of spontaneous activity, and Staub tail phenomenon) were most 
rapid in onset (6 min. uersus a minimum of 15 min. for the other 
analogs at  the 300-mgJkg. level). Furthermore, with 116, activity 
persisted down to 30 mg./kg., while no other test agent was active 


below 100 mg./kg. Moderate hypothermia (approximately 2.5") 
was evident a t  300 mg./kg. with IIb, IIc, and&?. None of the com- 
pounds was deemed sufficiently active to merit further study. 


EXPERIMENTAL' 


Reparation of the, Amide OximekBenurmidoxime (10). p 
chlorobenzamidoxime (1 1). pmethylbemmidoxime (lo), +methyl- 
benzamidoxime (lo), and 3,4-dimethylbemmidoxime (12) were 
prepared by the Method Al described by Eloy and Jmaers (10) and 
had physical properties in agreement with those reported. The yet 
unreported 3.4-dimethoxybenzamidoxime was synthesized by 
Method Al in 73 


A n a l . 4 1 ~ .  for CoHlrN&l: C, 55.24; H, 6.17. Found: C, 55.22; 
H, 6.19. 
cenarrl Procedue for Preparation of A d &  Oxhw-Dhthyl 


A c e t y ~ m b o x y I a t e  Adducts (Ia-f)--Equimolar quantities (0.1 


yield, m.p. 163-164" (from methanol). 


1 Meltin points were obtained between cover glasses on a Fisher- 
Johns bloc! and are uncorrected. Elemental analyses w m  provided by 
Dr. George I. Robertson, Microanalytical Laboratory, Florham Park, 
N. J. 
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mole) of the aromatic amide oxime and dimethyl acetylenedim- 
boxylate wae dissolved in 100 ml. of anhydrous methanol. The 
mixing of the reactants was often mildly exothermic, but the solu- 
tion was heated at  d u x  for 3 hr. to complete the reaction. The 
methanol was removed in wcuo, and the resulting oil was induced to 
crystallize by chilling and scratching (two exceptions as noted in 
Table 1). These low melting solids wen purified by repeated recrys- 
t a b t i o n  from methanol to analytical purity. 
ceaarl procedmefor Tbanal R w t  to Imi- 


( I Ia-fbA mixture of approximately 2.0 g. of the amide oximo 
dimethyl acetylenedicarboxylate adduct and 25 ml. of diphenyl 
ether was heated at d u x  for 2 hr. The solution was cooled to room 
temperature and diluted with n-hexsne, and the precipitated solid 
was collected. The crude product was recrystallized from methanol 
with the aid of decolorizing carbon. Yields and melting points are 
reported in Table 11. 


(5 )  E. Robats and D. G. Simonsen, Bfmhem. Phrmocd., 15, 
187Yl966). 


(6) R. Clark, T. E. Lynes, W. A. Price, J. P. Marvel, D. H. 
Smith, and V. G. Vernier, Pharmucdogbt, 10,197(1968). 


(7) S. Irwin, in “Animal and Clinical Pharmacologic Techniques 
in Drug Evaluation,” J. H. Nodine and P. E. Siegler, Eds., Year 
Book Medical Publishers, Chicago. Ill.. 1964. 


( 8 )  T. Skadsky,  Termhedron Let:., lm, 25. 
(9) N. D. Heindel and M. C. Chim, ibid., 1971,1439. 
(10) F. Eloy and R. Lenae-rs, Chem. Reo., 62,155(1962). 
(11) E. J. Pribyl, H. L. Yak, and J. Bernstein, U. S. pat. 


3,137,723 (1964). 
(12) T. Kanazawa, E. Owada, M. Yoshida, and T. Sato, N i p  


pon Kagaku Zasshi, 76,654(1955); through Chem. Abstr., 51,17814 
(1957). 
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Differential Thermal Analysis and X-Ray Diffraction Studies of 
Griseofulvin-Succinic Acid Solid Dispersions 


WIN LOUNG CHIOU’ and SARFARAZ NIAZI 


Ab~tract 0 Differential thermal analysis and X-ray diffraction 
techniques were employed to study the phase diagrams of griseo- 
fulvin-succinic acid systems. The complications of the formation of 
a thermally decomposed product of succinic acid, succinjc anhy- 
dride, on the thermograms were discussed. The appearance of 
typical eutectic peaks and X-ray diffraction peaks of griseofulvin 
in the resolidified preparations containing 10% or less of griseo- 
fulvin indicates that the binary system is a simple eutectic mixture 
with negligible mutualsolid solubilities. This result is partly different 
from that obtained previously by the microthermal microscope 
technique, which showed the existence of an extensive solid solu- 
tion of griseofulvin in succinic acid. The formation of a solid solu- 


The classification and pharmaceutical applications 
of solid dispersion systems were recently reviewed by 
Chiou and Riegelman (1). A knowledge of the physico- 
chemical properties of a solid dispersion is very impor- 
tant toward an understanding of its applications. Chlor- 
amphenicol dispersed in urea was shown to result in 
faster dissolution and absorption rates (2, 3). The en- 
hancement was thought primarily due to the formation 


tion was previously concluded to be primarily responsible for the 
enhanced dissolution of griseofulvin. 


Keypbrases 0 Griifulvin-succinic acid solid dispserions-phase 
diagrams, differential thermal analysis and X-ray diffraction, results 
compared to  microthermal microscope technique 0 Succinic acid- 
griseofulvin solid dispersions-phase diagrams, differential thermal 
analysis and X-ray diffraction, results compared to microthermal 
microscope technique 0 Differential thermal analysis-phase dia- 
grams of griseofulvin-succinic acid solid dispersions 0 X-ray dif- 
fraction-phase diagrams of griseofulvin-succinic acid solid dis- 
persions 


of a solid solution of the drug in the carrier, urea (3). 
Recently, Chiou (4) used differential thermal analysis 
and X-ray diffraction methods to reexamine this system, 
and he concluded that the system is a simple eutectic 
mixture with negligible mutual solid solubility. 


The observed enhancement in both dissolution and 
absorption rates must, therefore, be mainly due to the 
reduction of the chloramphenicol crystalline size fol- 
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Deuterium Isotope Effect in Enzymatic Transamination of 
L-Deuterio-phenylalanine to Deuterio-phenylpyruvic Acid 


H. J. RHODES, R. B. KLUZA", and M. I. BLAKE' 


________ 


Abstract 0 L-Deuterio-phenylalanine was isolated by gradient 
elution ion-exchange chromatography of the ionic fraction ob- 
tained from the cell wall hydrolysate of algae grown in culture 
medium containing 9 9 . 6 z  deuterium oxide. The enzyme system 
present in rat brain extract was used for determining the rate of 
transamination of L-deuterio-phenylalanine and its protio analog. 
The phenylpyruvate formed was determined spectrophotometrically 
a t  300 nm. using the arsenate-catalyzed enol-borate assay proce- 
dure. Transamination rates were determined in media containing 
varying concentrations of amino acid and m-ketoglutarate. Kinetic 
determination of maximum velocity was conducted through graph- 
ical analysis of the data. The deuterium isotope effect, expressed 
as the V H / V D  value, was 1.64. 


Keyphrases [7 L-Deuterio- and L-protio-phenylalanine-isolation, 
identification, enzyme transamination to phenylpyruvates, deuterium 
isotope effect 0 Deuterio-phenylpyruvic acid-enzymatic trans- 
amination product from L-deuterio-phenylalanine, deuterium 
isotopc effect 0 Deuterium isotope effect-L-deuterio-phenyl- 
alanine enzyme transamination to deuterio-phenylpyruvic acid 0 
Transamination rates-L-deuterio- and L-protio-phenylalanine, 
deuterium isotope effect 0 Ion-exchange chromatography-isola- 
tion, L-dcuterio-phenylalanine 0 UV spectrophotometry-moni- 
toring, L-deuterio-phenylalanine transamination 


The large-scale cultivation of algae grown in a culture 
medium containing 99.6 % deuterium oxide has made 
available a source of fully deuterated chlorophyll, 
carbohydrates, and proteins (1). Hydrolysis of the cell 
walls of Scenedesmus obliquus, followed by ion-exchange 
chromatography, was reported by Blake et al. (2) to 
yield L-amino acids that are fully deuterated in non- 
exchangeable positions. L-Deuterio-phenylalanine was 
shown to be present in the algae hydrolysate in sufficient 
amounts to permit isolation and purification. 


In living systems the transamination reaction is an 
important biological process involving the transfer of 
an amino group between certain amino and keto acids. 
The mechanism of enzymatic and nonenzymatic trans- 
amination was reviewed by Snell and Jenkins (3). Deu- 
terium isotope effects in the transamination reaction of 
L-alanine and L-deuterio-alanine with pyridoxal were 
studied by Blake et al. (4). The effect of the nature and 
concentration of added buffer, the pH, and the effect of 
metal ion were included in the study. Lin et al. ( 5 )  re- 
ported the deuterium isotope effect in the nonenzymatic 
transamination of L-deuterio-glutamic acid. Fang et al. 
(6) performed a kinetic study on enzymatic transami- 
nation using four analogs of L-glutamic acid (fully 
deuterated glutamic acid, two partially deuterated 
forms of glutamic acid, and protio-glutamic acid) as 
substrates. The deuterium isotope effect reflected in the 
transamination rate was determined by maximum ve- 
locity analysis. 


In thc present study, L-deuterio-phenylalanine was 
isolated from the ionic fraction of the algae cell wall 
hydrolysate by gradient elution ion-exchange chro- 
matography. The compound was recrystallized from 


acetone-water and was characterized by TLC; NMR, 
IR, and mass spectrometry; polarimetric analysis; and 
elemental analysis. Transamination of the protio and 
deuterio analogs of L-phenylalanine to  the correspond- 
ing analogs of phenylpyruvic acid was performed with 
rat brain extract as the enzyme system. The rate of the 
reaction was followed spectrophotometrically at  300 
nm., using the arsenate-catalyzed enol-borate assay 
procedure for phenylpyruvate described by George 
et al. (7). The deuterium isotope effect was determined 
from a comparison of maximum velocity analysis based 
on the binary mechanism of enzymatic transamination 
involving L-protio-phenylalanine and L-deuterio- 
phenylalanine. 


EXPERIMENTAL 


Isolation and Purification of L-Deuterio-phenylalanine-The ionic 
fraction obtained from the hydrolysate of the residual cell wall of 
Scenedesmus obliqurrs, grown autotrophically in a nutrient medium 
containing 99 .6z  deuterium oxide (S), was chromatographed in a 
two-step procedure utilizing the following ion-exchange resins: 
(a) Dowex 50-X8 for concentrating and desalting, and (h)  Dowex 
1-X8 for concentrating and isolating the deuterated dicarboxylic 
acids, L-deuterio-glutamic and L-deuterio-aspartic acids. A de- 
tailed description of this two-step chromatographic procedure 
was reported earlier (9). Emuent fractions from the second step 
that were shown to contain L-deuterio-phenylalanine by TLC were 
combined and evaporated in uucuo at room temperature until the 
residue was free of acetic acid. Since other deuterated amino acids 
were present in each of the fractions pooled, the isolation of L- 
deuterio-phenylalanine from this mixture was effected by means of 
gradient elution chromatography on a column of polystyrene sul- 
fonic acid resin. For this step, Rexyn 101 (453 g.), in the sodium 
salt form, was hydrated, freed of fines, and packed into a chroma- 
tographic column (2.7 X 869 cm.). The resin was subsequently 
converted to its acid form by washing with 1 N HCI. Excess acid 
was then removed by washing the resin with distilled water until 
the effluent was neutral. 


The performance and efkiency of the separation procedure were 
determined by conducting preliminary runs using samples contain- 
ing L-protio-phenylalanine, L-protio-leucine, and a mixture con- 
taining equal amounts of L-protio-phenylalanine and L-protio- 
leucine. The gradient of hydrochloric acid needed to effect complete 
separation, as well as the elution volumes of the respective amino 
acids, were determined. The column was then washed with distilled 
water until the effluent was neutral. 


The residue containing the deuterated amino acids was dissolved 
in 180 mi. of distilled water and then loaded on the column. Elution 
of the amino acids was started with 1 N HCI. The effluent was 
collected in 27-1111. fractions on an automatic fraction collector' at a 
rate of 55  ml./hr. After elution with 300 ml. of 1 N HCI, the hy- 
drochloric acid concentration was increased gradually by feeding 
4 N HCl dropwise into a 1000-ml. mixing chamber containing the 
remaining 1 N HCI (600 mi.). Elution with this gradient was con- 
tinued until 5000 ml. of total eflluent was collected. Fractions 
whose elution volumes corresponded with those determined pre- 
viously for L-protio-phenylalanine and L-protio-leucine were evapo- 
rated to dryness at  room temperature with the aid of an electric fan, 
and a small portion of each was subsequently tested with ninhy- 
drin reagent. 


1 Rinco. 
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FREQUENCY, ern.-' 
(a) 


Ib) 
Figure 1-fR spectra of: (a) L-protio-plieirylalanine hydrochloride, and (b) L-deuterio-pkenylalariitie hydrochloride. 


The residues from each of the fractions representing L-deuterio- 
phenylalanine hydrochloride were dissolved in a minimum volume 
of water, combined, and reevaporated to dryness. A small quantity 
of the residue was employed for IR. analysis. The remainder was 
converted to the free amino acid by the technique of Hirs at al. (10) 
as described below. 


A chromatographic column containing Dowex 1-X8 (1 i0 g.) was 
waslied with 3 M sodium acetate solution until the effluent was 
chloride free, then with distilled water until the effluent left no 
residue upon evaporation, and finally with 0.5 M acetic acid until 
the effluent was acidic to litmus paper. The residue of L-deuterio- 
phenylalanine hydrochloride was dissolved in 5 ml. of 0.5 M acetic 
acid and loaded on the column. The amino acid was eluted from 
the column with 0.5 M acetic acid, and the amino acid, contained 
in the first 20 ml. of effluent, was freed of solvent in uacuo at room 
temperature. The white-gray residue, 420 mg., was then crystallized 
twice from acetone-water. The yield of purified L-deuterio-phenyl- 
alanine was 210 mg., m.p. 262" [lit. (11) m.p. 260-262'1. Using 
the same melting-point apparatusa, a known sample of L-protio- 
phenylalanine melted at  283" [lit. (1 2) m.p. 283"l. 


Aual.-Calc. for CnH32HsN02: C, 62.39; H + ZH, 11.06; N, 
8.08. Found: C. 61.67; H + 2H, 10.27; N, 8.33. 


Optical activity of the protio and deuterio forms of L-phenyl- 
alanine was determined3. Water was employed as a blank in these 
determinations. The observed specific rotation for L-protio-phenyl- 
alanine, [a]%, was -35.4" (c, 1.94 in water) [lit. (12) [a]? -35.5"]. 
The observed specific rotation for L-deuterio-phenylalanine, [a]?, 
was -35.1°(c, 1.94inwater)[lit. (11) [a]z; -34.0" (c, 1.00)]. 


Both the protio and deuterio forms of the amino acid were sub- 
jected to TLC on silica gel G plates ( 5  X 20 cm., 250 p in thickness) 
with two different solvent systems. Solvent System A contained 
isopropyl alcohol-water (19: I )  and Solvent System B contained 
phenol-water (3 : 1) t o  which was added 20 mg. of sodium cyanide. 
The chromatograms were developed to a height of 10 cm. in satu- 
rated chromatographic chambers. The chromatograms were air 
dried after being developed, sprayed with ninhydrin reagent, and 
then placed in a drying oven at 100" for 10 min. The positions where 


2 Thiele. 
3 1 n  1.6 X 100-mm. Koehler polarimeter cells with a Rudolph pola- 


rimeter, model 80. 
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the first ninhydrin-positive color appeared were marked for deter- 
mining the Rj values for each form of the amino acid. With Sol- 
vent System A, the RI values for the protio and deuterio species were 
0.30 and 0.28, respectively; for Solvent System B, the values were 
0.62 and 0.59, respectively. 


The IR spectra of L-protio-phenylalanine hydrochloride and L- 
deuterio-phenykdlanine hydrochloride were determined with an  
IR ~pectrophotometer~ as mineral oil mulls between two platesb. 
Spectra of the protio and deuterio analogs of the amino acid hydro- 
chloride were compared with a standard reference spectrum of the 
protio compound. All three spectra showed peaks at  2900 (-NH3+- 
Cl-), 1750 (-C=O), 1450 (aromatic nucleus), and 1600 (-NH,+) 
cm.-'. At 1380 cm.-', the peak pattern and intensity differed for the 
protio and deuterio species. The spectrum of the deuterio form 
showed a multiple signal at  11.50 -1 200 cm.-l and a single sharp 
peak at  990 cm.-', both of which were absent in the spectrum of 
the protio form. The spectra are shown in Fig. 1. 


The NMR spectra of both forms were obtained on an NMR 
spectrometerE as saturated solutions in deuterium oxide, using an 
internal tetramethylsilane standard. The spectrum for L-protio- 
phenyla!anine showed a multiplet at  6 3.15-3.35, a quadruplet a t  
6 3.95-4.20, a single large peak a t  6 7.50, and a peak at 6 4.85. The 
spectrum of L-deuterio-phenylalanine showed a single peak at 6 
4.85 only. 


The mass spectra for the protio and deuterio analogs were ob- 
tained with a mass spectrometer7. The spectrum of L-protio- 
phenylalanine showed the largest fragment at m/e 165 and three 
high percentage fragments at  m/e 120, 91, and 74. The spectrum of 
L-deuterio-phenylalanine showed the largest fragment at  m/e 173 
and three high percentage fragments at  m/e 128, 98. and 75. 


Transamination Study-The following reagents were used in 
this study: potassium phosphate buffer, 0.10 M, pH 7.0; potassium 
phosphate buffer, 0.40 M ,  pH 8.0; arsenate-borate reagent solution, 
1.00 M, pH adjusted to 6.5 with concentrated hydrochloric acid; 
L-protio-phenylalanine stock solution, 0.10 M in potassium phos- 
phate buffer, 0.40 A4, pH 8.0: L-deuterio-phenylalanine stock solu- 


4 Perkin-Elmer model 257. 
6 Irtran 2. 
6 Varian A-60. . 7 Hitachi-Perkin-Elmer RMU-6D. 







Table I-Reaction Mixtures for the Enzymatic Transamination between L-Protio-phenylalanine and a-Ketoglutarate' 


0.10 M L-Protio- 0.02 M Pyridoxal- 


Set Reaction ml. ml. glutarate, ml. ml. ml. 
phen ylalanine, Sphosphate, 0.20 M a-Keto- Enzyme Solutionb, Buffer Solutionc, 


A 


B 


C 


D 


Blank 
1 
2 
3 
4 


5 
6 
7 
8 


Blank 
9 


10 
1 1  
12 
Blank 
13 
14 
15 


Blank 


0.45 
0.45 
0.45 
0.45 
0.45 
0.25 
0.25 
0.25 
0.25 
0.25 
0.20 
0.20 
0.20 
0.20 
0.20 
0.10 
0.10 
0.10 
0.10 


0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 


- 
0.25 
0.15 
0.10 
0.05 


0.25 
0.15 
0.10 
0.05 


0.25 
0.15 
0.10 
0.05 


0.25 
0.15 
0.05 


- 


- 


- 


1 .O 
1.0 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1 .o 
1.0 
1 .o 
1 .o 
1 .o 


1.55 
1.30 
1.40 
1.45 
1.50 
1.75 
1.50 
1.60 
1.65 
1.70 
1.80 
1.55 
1.65 
1.70 
1.75 
1.90 
1.65 
1.75 
1.85 


A total of 12 measurements was performed upon four different concentrations of L-deuterio-phenylalanine in combination with three different 
concentrations of a-ketoglutarate. (The lowest concentration was excluded from Sets A, B, and C.) b One milliliter equivalent to 300 mcg. of protein. 
c Potassium phosphate, 0.40 M, pH 8.0. 


tion, 0.10 M ,  in potassium phosphate buffer, 0.40 M ,  pH 8.0; 
a-ketoglutarate stock solution, 0.20 M in potassium phosphate 
buffer, 0.40 M ,  pH 8.0; pyridoxal-5-phosphate stock solution, 0.02 
M ,  stored in amber bottle; sodium phenylpyruvate stock solution, 
freshly prepared, 0.05 M in potassium phosphate buffer, 0.40 M ,  
pH 8.0; and transamination enzyme stock solutions, purified rat 
brain extract (acetone powder, dried) (used as the source of the 
enzyme system for these studies). 


The protein concentration of the rat brain extract was analyzed 
according to the method of Lowry et ul. (13), using protein stand- 
ard  solution^ as a reference standard. The stable enzyme solution 
preparation was obtained in the following manner. One gram of 
purified rat brain extract was added to 60 ml. of 0.10 M potassium 
phosphate (pH 7.0) previously cooled to 4". The mixture was then 
stirred at this temperature for 45  min. The clear supernate obtained 
by decantation and subsequent filtration was used. 


With the exception of the arsenate-borate stock solution (stored 
at 0') and sodium pyruvate stock solution (freshly prepared), all 
other stock solutions were stored at -20". 


A standard calibration curve for determining the pyruvate con- 
centration was prepared by using the sodium phenylpyruvate 
stock solution (0.05 M) as a reference standard. Varying amounts 
(50-500 nmoles) were added to a basic reaction mixture containing a- 
ketoglutarate (50 p M ,  pH 8.0), pyridoxal-5-phosphate (200 nM) ,  
potassium phosphate buffer (555 p M ,  pH 8.0), and enzyme(equiva- 
lent to 300 mcg. of protein) in a final volume of 3.1 ml. The mixture 
was incubated at 37" for 15 min. The rate of transamination was 
followed by measuring the absorbance of the enol-borate complex 
formed from the phenylpyruvate generated during the incubation 
(14) at 300 nm., using a spectrophotometerLO. The arsenate-cat- 
alyzed modification described by George et ul. (7) was applied to 
the assay procedure. 


The standard reaction mixture contained: potassium phosphate 
buffer (555 pM,  pH 8.0), a-ketoglutarate (10-50 p M ,  added last), 
pyridoxal-5-phosphate (200 nM), L-protio- or L-deuterio-phenyl- 
alanine (10-45 p M ) ,  and enzyme (rat brain extract, equivalent to 
300 mcg. of protein) in a final volume of 3.1 ml. The a-ketogluta- 
rate was omitted in the blank. The reaction mixture minus the a- 
ketoglutarate was preincubated at 37" in a constant-temperature 
bath for 10 min. Transamination was then generated by the addition 
of the a-ketoglutarate to the reaction mixture. An amount of potas- 
sium phosphate buffer (pH 8.0) equivalent to the amount of a- 
ketoglutarate added to the reaction mixture was then added to the 
blank. 


An aliquot (0.5 ml.) was withdrawn from both the reaction 
mixture and reaction blank (free of a-ketoglutarate), and each was 


~~~~ ~ 


8 Obtained from Schwarz-Mann Research Laboratories, Inc. 


10 Zeiss PMQ 11. 
Bovine serum albumin, Armour & Co. 


added to separate solutions of trichloroacetic acid (0.25 ml., 25% 
w/v) at appropriate time intervals (1-10 min.). 


The precipitated enzyme protein was removed by centrifugation, 
after which a 0.5-ml. aliquot of the reaction mixture supernate 
was removed and added to 2.5 ml. of arsenate-borate reagent. 
The thoroughly mixed solution was then allowed to stand at room 
temperature for 20 min. A sample of the reaction blank was treated 
similarly. The absorbance of the sample relative to the blank was 
measured at 300 nm. 


Kinetic Measurements-A total of 15 measurements was per- 
formed on four different concentrations of L-protio-phenylalanine 
in combination with three to four different concentrations of a- 
ketoglutarate. A similar series of 12 measurements was conducted 
with the deuterio analog in combination with three concentrations 


1 2 3 4 5 6 
MINUTES 


Figure 2-Rute of' trurrscrrnirlutio/r between L-yrotio-plreriylalarlille 
utld a-ketoglutarate (L-protio-phenylulanine, 45 pM ; 0.40 M phos- 
phate buffer, p H  8.0; 37";  pyrido.ral-5-pkosphute, 200 nM ; enzyme 
concentrution, 300 mcg. fm1.J 
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1 2 3 4 5 6 
M I N U T E S  


Figure J--Rate of transamination between L-deuterio-phenylalanbte 
and a-ketoglutarate (L-deuterio-phetiylalanine~ 45 pM; 0.40 M 
phosphate buffer, pH 8.0: 37"; pyridoxal-5-phosphate, 200 nM; 
enzyme concenf ration, 300 mcg.lml.). 


of a-ketoglutarate. The quantities of all reactants employed in 
these determinations are given in Table I. Graphical presentations 
of the initial velocities obtained are given in Figs. 2 and 3 for the 
protio and deuterio analogs, respectively, at a concentration level 
of 45 p M .  The initial velocities obtained from these determinations 
and their respective reciprocal values are given in Tables 11 and 111. 


DISCUSSION 


Isolation of L-Deuterio-phenylalanine-The technique of con- 
tinuous gradient elution was applied to the final step of the pro- 
cedure to isolate L-deuterio-phenylalanine. Since the mixture con- 
taining the desired amino acid had been stripped of the deuterated 
acidic amino acids, L-aspartic and L-glutamic acids, a polystyrene 
sulfonic acid resin was chosen because of its ability to separate the 
basic amino acids from the neutral amino acids. The use of con- 
ventional elution techniques to separate the individual neutral 
amino acids by ion-exchange chromatography is not possible. For 
example, phenylalanine is usually contaminated with leucine. 
Although the technique of continuous gradient elution can be 
effectively used for separating compounds with similar chromato- 
graphic properties, it is successful only if the proper gradient in- 
crease in the concentration of the eluting agent is used. 


L-Protio-leucine was selected as a contaminant of L-protio- 
phenykdlanine for determining the gradient change in hydrochloric 
acid concentration required for effecting separation because it is 


Table I1 -Initial Velocities of Transamination Reactions between 
L-Phenylalanine and a-Ketoglutarate (Enzyme Concentration, 
300 mcg./ml.; 37"; pH 8.0; Pyridoxal-5-phosphate, 200 n M ;  
Phosphate Buffer, 0.4 M) 


a-Keto- Initial 
Re- L-Phenyl- glutarate, Velocity (V;),  


action alanine, p M  p M  nM/ml./min. l /V ,  


1 45.00 50.00 75.00 0.0133 
2 45.00 30.00 63.00 0.0159 
3 45.00 20.00 46.75 0.0214 
4 45.00 10.00 29.25 0.0342 
5 25.00 50.00 63.75 0.0157 
6 25.00 30.00 50.75 0.0197 
7 25.00 20.00 41.25 0.0242 
8 25.00 10.00 27.50 0.0364 
9 20.00 50.00 56.25 0.0177 


10 20.00 30.00 45.00 0.0222 
11 20.00 20.00 37.50 0.0266 
12 20.00 10.00 26.25 0.0381 
13 10.00 50.00 45.75 0.0219 
14 10.00 30.00 38.75 0.0258 
15 10.00 10.00 22.00 0.0454 


Table 111-Initial Velocities of Transamination Reactions between 
L-Deuterio-phenylalanine and a-Ketoglutarate (Enzyme 
Concentration, 300 mcg./ml.; 37"; pH 8.0; Pyridoxal-5-phosphate, 
200 nM; Phosphate Buffer, 0.4 M )  


Reaction 


1 
2 
3 
4 
5 
6 
7 
8 
9 


10 
11 
12 


L-Deuterio- 
phenylala- 
nine, pM 


45.00 
45.00 
45.00 .. . ~ ~ 


25.00 
25.00 
25.00 
20.00 
20.00 ~ ~ 


20.00 
10.00 
10.00 
10.00 


a-Keto- Initial 
glutarate, Velocity (V;), 


p M  nMlml./min. IlVi 


50.00 40.00 0.0250 
30.00 30.00 0.0333 
20.00 23 .OO 0,0435 ~ 


50.00 35.75 0.0280 
30.00 27.00 0.0370 
20.00 21.25 0.0471 
50.00 29.25 0.0342 
30.00 23.25 0.0430 
20.00 20.00 0.05OO 
50.00 23.25 0.0430 
30.00 18.75 0.0533 
10.00 11.25 0.0899 


the amino acid most difficult to separate from L-phenylalanine. 
When using a gradient of 1-4 N HCI, the elution volumes for the 
protio forms of L-leucine and L-phenylalanine were 1655-1990 and 
3235-3750 ml., respectively. With the deuterio forms, the elution 
volumes for L-leucine and L-phenylalanine were 1550-1850 and 
2880-3600 ml., respectively. 


Identification and Characterization-L-Deuterio-phenylalanine 
was identified on the basis of its melting point, elemental analysis, 
specific rotation, and a comparison of its Rj value with L-protio- 
phenylalanine in two solvent systems using TLC. For the last, 
lower R/ values were obtained for the deuterio compound. This 
finding is in agreement with earlier studies (2, 9) involving other 
deuterio amino acids. 


The IR spectrum of the deuterio compound showed excellent 
correlation with the protio amino acid, particularly in the higher 
regions (3500-1450 cm.-l). Marked differences were noted in the 
"fingerprint" region of the spectrum (1400-900 cm.-I). The spec- 
trum for the deuterio amino acid showed a multiple signal at 1200- 
11 50 cm.-1 and a single sharp peak at 990 cm.-'. These peaks were 
absent in the spectrum of the protio derivative. Generally, the peaks 
in the fingerprint region resulted from bending and stretching 
vibrations of C-0, C-N, and C- -H bonds. 


The NMR spectra were compared in a spectrometers. The spec- 
trum for the protio compound revealed the nonequivalence of the 
protons on the a- and B-carbons and the equivalency of the protons 
of the aromatic nucleus. The peak observed at 6 4.85 is due to water 
formed by exchange at the amino and carboxyl functional groups. 
Integration of the spectral peaks confirmed the peak assignments. 
The spectrum for L-deuterio-phenylalanine revealed the presence 
of a lone water peak. The absence of proton signals in the spectrum 
indicated that nonexchangeable sites in the molecule were fully 
deuterated. 


The mass spectra of L-protio- and L-deuterio-phenylalanine 
showed the largest fragments at tn/e 165 and 173, respectively, 
which correspond to their respective molecular weights. The low 
percentage of the two fragments can be attributed to the low vol- 
atility of the amino acids in their zwitterion form (15). Cleavage of 
the carboxyl group from the protio species yields C6H6-CH2- 
+CH---NH2 as a fragment, with a molecular weight of 120. The 
same type of cleavage from the deuterio species yields GDb- 
CD2-+CD-NH2 as a fragment, with a molecular weight of 128. 


100 200 300 400 500 
MICROGRAMS PROTEIN/MILLILITER RAT BRAIN EXTRACT 


Figure 4-Effect oJ' enzyme concentration on the in vitro forniation 
of phenylpyrucaie. 
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Figure 5-Double reciprocal plof of initial velocities versus a-keto- 
glutarate concentrations at a series of fixed concentrations of L- 
protio-phenylalatiine. 


The high percentage fragments appearing at m/e 74 and 91 in the 
protio species spectrum are attributed to bond cleavage between the 
a- and ,%carbons, e.g., C&-+C@H2 (mol. wt. 91) and +CH(NH2)- 
COOH (mol. wt. 74). Similar cleavage, as observed in the deuterio 
spectrum, gives rise to the fragmentation peaks observed at m/e 98 
and 75, respectively, which correspond to the molecular weights of 
fragments CeDe-+C@D~ (mol. wt. 98) and +CD(NHa)COOH 
(mol. wt. 75). 


Transamination Studies-The rate of L-protio-phenylalanine 
metabolism was determined by analysis of the reaction for phenyl- 
pyruvate at regular time intervals while samples were incubated 
at 37” for 2 hr. The reaction was found to proceed linearly over the 
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Figure 6-Double reciprocal plot of initial velocities versus a-keto- 
glutarate concentrations at a series oj  fixed concentrations of L- 
deutrrio-plienylalariitie. 


Table IV-Michaelis Constants and Maximum Velocities 
Obtained from the Transamination Reactions between 
a-Ketoglutarate and L-Phenylalanine Analogs (0.4 M Phosphate 
Buffer; pH 8.0; 37”; Pyridoxal-5-phosphate, 200 nM; Enzyme 
Concentration, 300 mcg./ml.) 


Amino Acid K~, , ,” ,  I.r M KK p M 8 tb, Vmax. [EIE VH/ VD 
Substrate 


L-Protio- 21.33 45.77 0.1742 1.00 


L-Deuterio- 26.19 65.23 0.1062 1 .64  
phenylalanine 


phenylalanine 


a Michaelis constants of the amino acids. * Michaelis constants of 
a-ketoglutarate, c Maximum velocities at the enzyme concentration 
(300 mcg./ml.). 


first 6 8  min., after which the rate of formation of phenylpyruvate 
decreased. This decrease in phenylpyruvate formation may be at- 
tributed to inactivation of the enzyme and/or breakdown of the 
phenylpyruvate formed to phenylacetaldehyde or phenylacetate. 


To establish the enzyme concentration range over which the 
observed initial velocity is directly proportional to the enzyme 
concentration, L-protio-phenylalanine (45 p M )  was incubated in the 
standard reaction mixture (containing 30 p M  of a-ketoglutarate) 
with varied amounts of rat brain extract. The results are shown in 
Fig. 4. 


The steady-state kinetics of transamination may be represented by 
the following equation: 


where Vi = initial velocity, V,,, = maximum velocity, [El = 
enzyme concentration, K A ~  = Michaelis constant for the amino 
acid, K K # L  = Michaelis constant for the keto acid, [Am] = amino 
acid concentration, and [Kef]  = keto acid concentration. 


Under the assumptions of steady-state kinetics, the initial veloc- 
ity, Vi, of an enzymatic reaction will increase with an increase in 
the concentration of substrates. 


Double reciprocal plots of determined initial velocities, 1/Vi 
(Tables I1 and III), versus a-ketoglutarate concentrations at a series 
of fixed concentrations of L-protio-phenylalanine or L-deuterio- 


I I I , I I I I  


20 40 60 80 100 
[ l / A M I N O  ACID G M ) ]  X l o 3  


Figure 7-Double reciprocal plot of apparent Miclmelis constants 
versus amino acid concentrations o/L-plienylalanine analogs. 
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Table V-Intermediate Values of the Statistical Analyses on the Kinetic Studies of the Transamination Reactions between 
a-Ketoglutarate and L-Phenylalanine Analogs 


S,“, I1 9 s3, l a ,  
Amino Acid Substrate min./mM/ml. min./nM/ml. l/K’, pM-’ SZ h, pM- l  min./mM/ml. min./nM/ml. 


L-Protio-phenylalanine 0.4660 21.85 0.1225 5.74 
45 p M  0.2628 7.86 29.91 
25 pM 0.2628 10.66 40.56 


0,2628 12.81 48.74 
0.2628 17.60 66.97 


20 r M  
10 p M  


45 p M  0.5837 13.88 23.78 
25 pM 0.5837 17.28 29.60 
20 p M  0.5837 22.38 38.34 
10 p M  0.5837 31.93 54.70 


L-Deuterio-phenylalanine 0.4015 15.33 0.2344 9.42 


0 The slope given here is the average value. 


35 1 


’1 
I 80 100 


20 40 60 
[I /AMINO ACID ( rM) ]  X lo3 


Figure 8-DoubIr reciprocul plot of apparetlt maximum adocities 
versus utnitio acid concetitratiotis o~L-plietiylulutiitie atiaiogs. 


phenylalanine are shown in Figs. 5 and 6, respectively. The y- 
intercept, I , ,  of each plot yields the reciprocal of the apparent 
maximum velocity, l/V‘. The corresponding slope, S,, yields the 
ratio of the Michaelis constant for the keto acid, K K * ~ ,  to the prod- 
uct of the maximum velocity and enzyme concentration, V,,,.[E]. 
The ratio of the slope of the plot, S,, to the corresponding y-inter- 
cept, h, is defined as the apparent Michaelis constant, K’. 


Double reciprocal plots of apparent Michaelis conslants, I/,K‘, 
oersus amino acid concentrations, ] / [Am] ,  of the protio and deuterio 
analogs of L-phenylalanine are given in Fig. 7. The y-intercept of 
these plots, I?, yields the reciprocal of the Michaelis constant of the 
keto acid, I / K K ~ ~ .  The corresponding slope, Sz, of these plots is equal 
to the ratio of the Michaelis constant of the amino acid (protio or 
deuterio analog) to the Michaelis constant of the keto acid, KA~, /  
KK.L 


The maximum velocity, Vmax, for the protio and deuterio forms 
of 1.-phenylalanine was determined, as shown in Fig. 8, by means of 
a double reciprocal plot of apparent maximum velocities, l/V’, 
cersus protio and deuterio amino acid concentration. I / [Am]. The 
y-intercept of these plots yields the reciprocal of the maximum 
velocity, 1 /V,,,,. for the corresponding analogs. 


The values of K A m ,  K K ~ ~ ,  and V,,,.[E] (Table 1V) were obtained 
by statistical analysis of’the experimental data. Least-squares regres- 
sion analysis was employed to obtain the equations representing 
the best-fit straight lines in Figs. 5 and 6. The slopes, SI, and the 


intercepts, h, obtained by statistical derivation were subsequently 
used to determine the best-fit straight lines shown in Fig. 7. The 
best-fit straight lines for those lines shown in Fig. 8 were also ob- 
tained by statistical analysis. Table V shows the intermediate values 
obtained from the statistical analysis. 


The maximum velocity for L-deuterio-phenylalanine was found 
to be 61 


The deuterium isotope effect, expressed as the VH/VD value (the 
ratio of the maximum velocity of L-protio-phenylalanine to that of 
L-deuterio-phenylalanine), was found to be 1.64. 


of the value obtained for the protio analog. 
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Steroid Determination from Complex Mixtures by 
High Pressure Chromatographic Techniques 


W. C. LANDGRAF’ and E. C. JENNINCS 


Abstract 0 The concepts described in this work emphasize the 
fabrication of components, the importance of partitioning sup- 
ports, and an interesting ternary mobile phase system for high 
pressure liquid chromatography. The particular application of its 
utility as an analytical tool relates to quantitative determination 
of fluocinolone acetonide and fluocinonide from cream- or ointment- 
like formulations. Sensitivity of detection and resolution capability 
of the partitioning system for a number of related steroids are dis- 
cussed in some detail. 


Keyphrases 0 Steroids in complex mixtures-analysis, high pres- 
sure liquid chromatography, ternary mobile phase system 0 F l u e  
cinolone acetonide cream, ointment-analysis, high pressure 
liquid chromatography 0 Fluocinonide cream, ointment-analysis, 
high pressure liquid chromatography 0 High pressure liquid 
chromatography-analysis, steroids in complex mixtures, ternary 
mobile phase system 


The determination of specific steroids or other “ac- 
tive” components from their related degradation prod- 
ucts in pharmaceutical preparations is a common 
problem (1). This requirement of specificity has fre- 
quently caused concern for quantitative measurements. 
As techniques in liquid chromatography have de- 
veloped, the ability to resolve closely related com- 
ponents has improved to the extent that good quantita- 
tion at low concentration levels (2-4) is possible. To 
further this objective, a high pressure unit has been 
designed, built, and operated. This system permits 
efficient separation of a number of steroids from com- 
plex pharmaceutical preparations. The intent of this 
effort was to provide a rapid steroid analysis where 
problems of sensitivity and separation are simul- 
taneously present. The nature of the substrate has 
proved to be an important factor in the development 
of this assay procedure. 


EXPERIMENTAL 


hstnment Dedgn-Insofar as possible, the components fab- 
ricated into the system were acquired from commercial sources. 
The overall concept is depicted in Fig. 1. The majority of recipro- 
cating pumps, as the one used here, is associated with cyclic pressure 
changes. Therefore, a surge attenuator is used in this system, and 
it is responsible for the reduction in cyclic pressure surges. The 
pump’ employed (5) provides the pressurization of the mobile 
phase throughout the system. Upon leaving the pump, the fluid 
passes through a 1Gp fritted stainless steel filter prior to entering 
the surge attenuator’ (6) operating at Moo psi. This unit performs 
two functions: (a) it initially serves as a sump for the mobile phase, 
and (b) it efficiently dampens the pump surges which develop within 
the system. After leaving the surge attenuator, the fluid travels 
through narrow bore tubing (0.23 mm.) to the reference side of the 
differential UV detector and then to the sampling injector valve’ 


(7). This loop injector valve permits varying the injection volume 
between 2 and 20 pl. Furthermore, this system can be continuously 
operated under high pressures while introducing samples. Upon 
exiting this valve, the mobile phase is carried through the chroma- 
tographic column to the sample side of the UV detector. The ef- 
fluent material from the cell can be recovered for additional anal- 
yses. 


The initial choice for a detector was a high pressure UV absorg 
tion unit‘. This detector unit has an internal volume of 12 pl. and 
is capable of operating up to 2000 p.s.i. It normally operates at 
254 nm. but has the capability of operating at 280 and 360 nm. with 
appropriate filtering. The 1Gmv. output from the differential de- 
tector can be then applied to a recorder. 


In addition to the UV detector described previously, a non- 
differential UV detector6 was employed. This detector provides a 
convenient alternative where desired wavelengths, other than those 
previously mentioned, should be employed. A 250-pl. cell is used in 
the current configuration; however, smaller cells have been found 
useful. No special fabrication is required to employ this model. 
Usually 1oOmcg. samples are used where strong UV chromophores 
exist. Furthermore, the detector was utilized in preliminary prepara- 
tive level work where milligram quantities of sample were em- 
ployed. If one accepts the current limits of sensitivity for this UV 
detector, it provides an acceptable alternative to existing detectors. 
In addition, this detector has a wide range of wavelength utility, 
1.e.. -200--700 rim. 


Perhaps the most important aspect of the total concept relates to 
the stationary support of this system. These materials consist of 
spherically shaped particles of silica, approximately 40-70 p in 
size, having a n  effective surface area of jo0-400 m.’/g. (8-12) 
(Spherosil or Porasil particles). The selection of uniformly spherical 
particles is critical because the developed flow and pressure pat- 
terns reflect the homogeneity of the substrate’s surface. Since the 
purpose of this effort was to achieve separation of relatively similar 
types of steroids, it was considered best to establish some degree 
of partitioning capability with the solid support. The “surface” of 
the solid support was, therefore, viewed as requiring partitioning 
between it and the mobile phase. A program for chemical modifica- 
tion of the surface was then developed. 


Silica surfaces were activated with either trichloro or similar 
silanes (13, 14) containing the desired substituted polar functional 
groups (e.g., cyano) used in the reaction. When groups other than 
cyano were thought appropriate [i.e., glycidoxy (15, la)], they were 
substituted for the nitrile silanes. Glycidoxy groups could later be 
modified with other reagents. Approximately 15% of the composite 
weight of the treated beads was found to represent the increase 
in weight caused by the reactive silanes. To ensure complete re- 
moval of unreacted materials, the treated beads were extracted 
using a soxhlet extractor for varying lengths of time. In all cases, 
this was followed by appropriate oven drying. For a column of 
100 cm. x 2 mm. i.d., about 3 ml. of this packing material was re- 
quired. One normally obtains about 52 d. of treated beads from 
20 g. of the uncoated Porasil. 


Packing at Colrmwr-Steel columns (100 cm. x 2 mm. i.d.1 are 
equipped with a single fritted steel plug (2-p porosity) a t  one end. 
A small funnel is secured with Tygon tubing to the open end of the 
steel tube, and the packing material is introduced, 0.5 d. at a time, 
into the column. To ensure uniform distribution of the material, 
the column is continuously tapped on a solid support. When the 
packing is within 5 mm. of the top of the steel tube, a glass wool 
plug is inserted securely into place to minimize support losses while 
handling. Each column is inserted into the system such that the 


1 Milton Ray D HBDI-3OR. 
Robert Shaw hydropad. 


8 Valco. 


~~ ~ 


4 Nester/Faust model 250. 
6 Model 350Turner spectrophotometer. 
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Figure 14chematic layout of high pressurn llquld chromatographic system. 


glass plug faces the incoming solvents. This practice tends to 
minimize the plugging of the fine bore tubing. In a normal exchange 
of, or addition to, the columns in the system, about 10-15 min. is 
required. 


Analytical RoeedureA 1 0 4 .  disposable syringe is filled with 
the ointment or cream sample, and the weight is noted to the near- 
est milligram. A sample weight of 5 g., determined by differential 
weighings, is then transferred into a 250-mI. separator. Fifty 
milliliters of an 80% methanol-water mixture is added to 50 ml. 
of cyclohexane in the separator. Total mixing of the phases is 
completed by vigorous shaking; subsequently the two layers are 
permitted to separate and the lower aqueous methanol layer is 
removed. Repeated extraction of the remaining cyclohexane is 
completed with portions of a methanol-10% aqueous salt solution 
(4:l). The latter extract is added to the first methanol extract. 
About 100 ml. of a 5% potassium alum sulfate solution is added 
to the methanol phase. This solution is then extracted with 15-ml. 
portions of chloroform. The latter volumes are dried by pouring 
the solution through anhydrous desiccant (sodium sulfate). These 
combined extracts are reduced in volume under nitrogen to a final 
volume of about 4 ml. The remaining volume is transferred quanti- 
tatively to a 10-ml. volumetric flask for a final 10-d. dilution using 
chloroform. 


The final transfer of this diluted volume of extracted sample is 
achieved using a 1-ml. gas-tight glass syringe' using a Luer lock 
fitting. It is connected to the hub fitting of the injection valve de- 
scribed in Fig. 1. The sample is transferred to the loop and there- 
after injected onto the chromatographic column. This loop has 
a variable volume ranging from 10 ~ 1 .  to 1 ml. For much of the 
current work, three 100-cm. columns were connected in series 
using the treated Porasil beads. Flow rates varied from 2 to 5 d./ 
min., and the usual pressure was about ls00 p.s.i. at room tempera- 


ture with the following mobile phase: 
2,2,4trimethyIpentane 69.0% (v/v) 
isopropanol 18.5% 
acetonitrile 12.5% 


Sensitivity ranges most frequently used for the UV detector were 
about 0.05 X 1 for fullscale absorbance. In all determinations, two 
or more samples were examined. These values were compared 
areawise (mm.1) with those peaks of the standard solutions or in- 
ternal standards used for the comparison. Peak height and half 
height widths were used in these comparisons. 


DISCUSSION 


Callbration Data-The data shown in Table I were obtained 
with a solution of fluocinonide in chloroform by dilution of a 


Table I-Calibration Data Using Fluocinonide in Chloroforma 


Peak 
Area, 


Con.cen- Retention mm.' 
trabon, Time, (Sensitivity mcg./mm.* 
mg./ml. mn. = 0.05 x 1) x lo-' 
0.134 18.8 210 6.38 
0.134 18.5 255 5.25 


18.5 465 5.75 
18.5 440 6.07 


5.73 


@ Hamilton 101. 
~~~ ~~ 


0 Averape response f SD = (5.88 f 0.33) X lo-* mcg./mm'. 
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Table II-Analytical Data for Fluocinonide Ointment 


Sample Peak 
Weight, Area, Fluocinonide, mg. Percent 


B. mm.1 Found Theory Recovery 


4.930 405 2.38 2.47 96.5 
395 2.32 94.3 


Average 95.4 
5.436 480 2.82 2.72 103.5 


476 2.80 103.0 
Average 103.3 


B. mm.1 Found Theory Recovery 


2.324 344 0.572 0.581 98.4 
348 0.578 99.5 


2.509 368 0.612 0.627 97.8 
376 0.608 97.2 


Average 98.2 
SD = f 0.98 


standard stock solution (2.67 mg./ml.) of the steroid in methanol- 
chloroform (4 : I). 


Figure 2 illustrates a typical separation using the current column- 
partitioning system. 


Assay data for a fluocinonide ointment preparation (0.05z) is 
displayed in Table 11. In comparison, the assay data relating to a 
typical cream formulation containing 0.025 % fluocinolone ace- 
tonide are contained in Table 111. 


MoWe Phase System-The use of a multiple-component mobile 
phase system permits wider flexibility in the choice of operating 
parameters (17). From an inspection of the ternary phase diagram 
(Fig. 3), the operating range of mutual solubilities of trimethyl- 
pentane, isopropanol, and acetonitrile can be seen. The composition 
of this threecomponent system that is most frequently used is 
I&lS% acetonitrile, l5-30x isopropanol, and the remainder 
trimethylpentane. To a limited extent, the use of the ternary mobile 
phase permits modification of the retention times of the solutes. 
These types of correlations are under continued study. If one op- 
erates the ternary system in the region of two phases, the problem 
of light scattering by the second phase becomes a serious source of 
noise. Therefore, one should select those concentrations of mobile 
phases that will not lead to phase separation. 


Table IV-Retention Times of Various Steroids 


80 


7 0  


60 
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Figwe 2-High pressure liquid chromatogram of fluminonide versus 
placebo separation. 


Retenth Times of Vprlowi Steroids-Examination of Table IV 
illustrates the relative retention times of a number of steroids ex- 
amined during the present work. By using progesterone (I) as the 
reference, the data were tabulated (Table V) for several steroids 
where specific types of substitution were made, and the differences 
in the retention times are shown. 
Since the work is only preliminary in nature, claims cannot be 


made for unambiguous incremental changes due to specific 
substitution. However, the development of this preliminary work 
suggests that further efforts to secure possible correlations are de- 
sirable. 


SUMMARY 


In the present paper the utility of employing chemically treated, 
spherically shaped particles for chromatographic purposes has been 
established. In particular, partitioning of various steroids between 
the mobile phase and the solid phase supporting system has been 
demonstrated. The mechanism for such a partitioning appears to 
arise from the polar interactions of the solid support with the solute 
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Retention Time, 
Number Compound nun. 


4 
5 


6 


7 
8 
9 


10 


11 


12 


13 


17-acetal with acetone) 18.5 
Desoxycorticosterone (21-hydroxypre -4-ene-3,20-dione) 20.4 
Flurandrenolide (6u-fluoro-l Ifl,16u,l~l-tevahydroxypregn-4-ene-3,2e, cyclic 16,17-acetal with 


acetone) 22.0 
Paramethasone acetate (6u-fluoro-l1fl,17,21-trihydroxy-l~-methylpregna-l,4aiene-3,20.dione 21-ace- 


tate) 22.0 
1 I-Deoxycortisol ( 17a,21-dihydroxy4pregnene-3,20-dione) 23.2 
Corticosterone (1 1fl,21-dihydroxy-pregn-Qene-3,20-dione) 26.0 
Cortisone acetate (17,21-dihydrox pregn-4ene-3.11,20-trione 21-acetate) 28.2 
Fluocinolone acetonide (6u,9a-di&orcr-l Ifl,16u,17,21-te~hydroxypg~-l,4-diem-3,2(Mione, cyclic 


acetal with acetone) 27.6 
Lactone from Compound 10 (6u,9a-diAuoro-l1~,16~,20~trihydroxypregna-l~4-diene-3-0ne-2l-oic-l~ 


lactone) 64.0 
2 I- Aldeh de from Compound 10 (&,9a-difluoro- 1 Ifl,16cr, 1 7a-trihydroxypregna- 1,4-diene-3,2@dione-21- 


2 I- Acid from Compound 10 (6u.9a-ditluoro- 1 lfl,16~,17a,20-tetrahydroxypregna- 1.4-dienehne-2 I -  
al-16,lf-acetonide) 66.0 


carboxy-16.17-acetonide) >60.0 
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Table V-Steroid Retention Times 
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molecules (18). The desire to employ chemically bound polar phases 
was initiated by the inability to obtain satisfactory results from com- 
mercially available products. In general, these commercial mate- 
rials were found to degrade rather quickly and to be of lower overall 
performance for the present work. 


In comparison to other methods for extraction of steroids from 
various formulations, the single method alluded to in the Expet‘i- 
mental section was the most satisfying and, therefore, was used 
exclusively in the present work. In attempting to quantitate the 
method, internal and external standards have been used with suc- 
cess. At present, the use of internal standards has been found to be 
more acceptable since smaller intrinsic errors are involved with 
their use. 
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Fpeure STernary phase diagram for mutual solubilities of tri- 
methylpentane, isopropanol, and acetonitrile. 


15.8 min., 
Room Temperature, Retention Time Increment, 


Progesterone &me 
Substitution 21-OH ll-OH, 17-OH 11-one 


- - 4 . 6  21-OH 
17a-OH. 21-OH 4 . 6  2.8 
ll&OH, 21-OH 4 . 6  5.6 - 
1 1 - 0 1 ~ .  17a-OH, 21-OH 4 . 6  2.8 4 . 0  
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~ _ _ _ _ _ _ _ _  _____ ____ 
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A considerable quantity of the radioactivity (47% in bile duct- 
cannulated and 10% in intact rats) excreted in the feces of the rats 
given tritium-labeled I orally was identified as the parent com- 
pound. This material probably represents Compound I, which 
was not absorbed from the GI tract. 


Radioactivity in the urine was in the form of metabolites of I. 
These data agree with previous reports (6, 9) of the appearance of 
polar metabolites in the urine. Zone scraping of the TLC plates 
indicates the presence of metabolites other than 1 l-hydroxyde- 
tetrahydrocannabinol and 8,l Idihydroxy-AB-tetrahydrocmna- 
binol. Identity of this large polar fraction has not been achieved. 
This may be accounted for, in part, by the recently described (14) 
diacetyl derivative found in bile. The identity of the material re- 
maining in the feces after exhaustive extraction is also a mystery. 
Unfortunately, sufficient samples of material were not available for 
hydrolysis studies. These are planned. 
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Interfacial Adsorption of a 
Using Liquid Scintillation 


H. KIMIZUKA* and L. G. ABOOD’ 


Psychotomimetic Drug 


Abstract A study was conducted on the oil-water partitioning 
and interfacial adsorption of aH-2-pyrrolidylmethy1 N-methyl 
cyclopentylphenylglycolate (I), an anticholinergic psychotomimetic 
agent. A new technique for radiotracer adsorption was developed 
involving the use of liquid scintillation counting. Among the phys- 
ical parameters examined were partition coefficient, permeation 
constant, stability constant, and rate constant of I in a two-phase 
system of water and a lipid, didodecyl phosphate (11). I1 greatly 
accelerated the rate of oil-water partitioning of I and exhibited 
interfacial adsorption with I. The presence of polyanions, such as 
hyaluronic acid in the aqueous phase, promotes the transfer of 
drug from the oil to water phase. Equations found applicable to 
permeation of ions across membranes have been used to  describe 
drug transfer through an oil-water interface. 


For a number of years, interest in this laboratory has 
focused on the mechanism of action of a group of 
anticholinergic psychotomimetic agents, particularly 
with regard to their ability to modify the physicochemi- 
cal properties of excitatory membranes (1). A useful 
approach has been to examine the effect of the agents on 


Keyphrasea 0 Adsorption, interfacial, aH-labeled psychotomimetic 
agent-studied using liquid scintillation counting 0 Interfacial 
adsorption and oil-water partitioning of radiolabeled compounds- 
studied using liquid scintillation counting 0 2-Pyrrolidylmthyl N- 
methyl cyclopentylphenylglycolate, radiolabeled-interfacial phos- 
pholipid adsorption and oil-water partitioning studied using 
liquid scintillation counting 0 Anticholinergic psychotomimetic 
agents, radiolabeled-interfacial phospholipid adsorption and oil- 
water partitioning studied using liquid scintillation counting 0 
Liquid scintillation counting-used to  measure interfacial adsorp 
tion and oil-water partitioning of radiolabeled psychotomimetic 
agent 0 Partitioning (oil-water) of aH-2-pyrrolidylmethyI N- 
methyl cyclopentylphenylglycolatestudied using liquid scintilla- 
tion counting 


the interfacial properties of surface films of phospho- 
lipids and membranous proteins using conventional 
interfacial techniques, including the measurement of 
surface adsorption with radioactive compounds (2). 


The technique of surface adsorption involves the 
measurement of a radioactively labeled substance as it 
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Figure l - ( a )  Time course of partitioning of I from the aqueous to the scintillator phase. Concentration of I was 0.16 mM in the presence 
(0) and in the absence (0) of 11. (b) Time course of partitioning of I from the aqueous to the scintillator phase during initial period. Concetr- 
(ration of I was 0.16 mM in the presence (0) and in the absence (0)ofI l .  


interacts with a surface film (comprised of a lipid or 
other surfactant) by means of a geiger-mueller tube (3). 
One difficulty, however, has been the insensitivity of the 
geiger-mueller tube to soft @-radiation, particularly in 
the case of 3H-labeled compounds. 


To overcome this limitation, a new technique was 
developed for the measurement of interfacial interaction 
as well as oil-water partitioning by use of the liquid 
scintillation method. By means of this technique, the 
interaction of 3H-labeled drugs with lipoidal substances 
can be determined with greater accuracy and simplicity. 
The present study is concerned with the kinetic 'aspects 
of the interfacial interaction and oil-water partitioning 
of the 3H-labeled psychotomimetic agent, 3H-2- 
pyrrolidylmethyl N-methyl cyclopentylphenylglycolate 
(I) employing a phospholipid, didodecyl phosphate (11). 


EXPERIMENTAL 


The scintillator solution was prepared by dissolving 4 g. of 2.5- 
diphenyloxamle and 0.25 g. of pbis(245-phenyloxazolyl)]benzene 
in 1 : 1 toluene (S). This solution (S) was diluted twice by volume 
with either toluene (S + T),  or toluene solution of 1 mM didodecyl 
phosphate (S + D). After 10 ml. of an aqueous solution of 'H-I 
was introduced in a vial, 10 ml. of the scintillator solution was 
carefully layered on the top solution and the radiation was counted 


10' 


E 
$ 


10 I 


4 0 
HOURS 


Figure 2-Time course of Partitioning, log (I, - I)  versus t in the 
presence (0) nnd in the ubsence (0) of 11. 


with a liquid scintillation counter. The samples were counted 
immediately (within 1 min.) after preparation. By extrapolation to 
zero time, the time course of adsorption during the first few minutes 
could be determined. 


The specific activity of I was determined in a mixture of 1 ml. 
aqueous *H-I solution of known concentration, 10 ml. ethanol, 
5 ml. (S + T), and 5 ml. (S + D). The specific activity of I in this 
mixture was found to be (3.76 d= 0.19) X 1O'L c.p.m./mole. By 
means of this standardization procedure, the specific activities 
(mean f SD) of I were determined in the scintillator solutions 
(S + T )  and (S + D) and were found to be (5.09 rt 0.25) X 10" 
c.p.ni./mole in (S $- T)  and (3.10 f 0.16) X 1011 c.p.m./mole in 
(S + D), respectively. The aqueous I solution was adjusted to pH 
2 with hydrochloric acid unless otherwise stated. 


RESULTS AND DISCUSSION 


The increase in counting due to the partitioning of I into the 
scintillator phase was measured with time, and an example is 
shown in Figs. l a  and lb. These figures indicate that the partition 
coefficient was greater in the presence of didodecyl phosphate than 
in its absence, althoueh the time constants for partitioning were 
approximately the same under both conditions. 


The semilogarithmic plots for the data are given in Fig. 2, which 
are expressed by the relation: 


(Eq. 1) 


where I denotes the radioactive counts a t  timer, I, is the equilibrium 
value, and k is the rate constant. From Figs. 1 and 2, it is apparent 
that the radioactivity arises from the scintillator phase. Since the 
counting is proportional to the amount of IH-I in the scintillator 
phase, Eq. 1 may be rewritten as: 


(Eq. 2) 


In ( I ,  - I) = ln I,  - kr 


In (mIr, - mlr) = In ~ I I ,  - kr 
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Figure %Time course of partitioning of I during initial period, with 
I1 present in scintillator phase. Initial concentrations of I in the 
aqueous phase were: 1.6 X IWK M (0). 1.8 X IO-' M (Q), and 1.8 
x 10-7 M (0). 
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Figure &Initial rate of permeation versus equilibrium concentration 
of I in the scintillator phase in the presence (0) and in the absence (0) 
of 11. 


0.5 
I, X 1 V M  


where mrr denotes the amount of I present in the scintillator phase 
at a time I ,  and m11, is the equilibrium value. 


When t is small, the counting is linear with time after the first 
3-7 min. (Fig. 3) .  At low values oft, mIL is also very small as com- 
pared with milm, so Eq. 2 may be reduced to: 


m11 = mII& (Eq. 3 4  


CII = CII.& (Eq. 36) 


or : 


where CII and CII, are the concentrations at a time t and infinity; 
respectively. By differentiating Eq. 30 with respect to t and dividing 
by the interfacial area A : 


where j o  and ko denote the rate of partitioning per unit area and the 
rate constant, respectively, at the small values of I ;  and VII is the 
volume of scintillator phase. Values for j o  and CII, were determined 
for various concentrations of I, and the results (Fig. 4 )  verified the 
relation given by Eq. 4. 


According to a previous study (4), the permeation of an ion 
through a membrane is expressed as: 


j = P(CIe-(zFV+d/zRT - CIIe(ZFV+r)/2RTj (Q. 5 )  


where j denotes the steady ion flux; Pis the membrane permeability; 
C1 and CII are the concentrations of diffusible ion in phases I and 
11, respectively, which are separated by a membrane; Z is the 
charge of the ion; F is the Faraday constant; V is the transmem- 
brane potential; is the free energy of partition between phases I 
and 11; R is the gas constant; and T is absolute temperature. For 
nonionic species, 2 = 0 and Eq. 5 reduces to: 


j = P(Cre-(r/zRn - CI1e(s/2R77] (Q. 6) 


Table I-Rate Constant in Permeation 


With 11 Without I1 Ratio 


T = k-1 150 min. 120 min. 1.25 
Partition K2 = 2.89 KI = 1.12 X lo-' 258 


constant 
P 9.33 x lO-6/cm./sec. 2.25 X 10-6/crn./sec. 3.66 
ki 1.59 x IO-(/cm./sec. 2.70 X 10-6/cm./sec. 50.9 
kz 5.50  X 10-6/cm./sec. 2.41 X IO-4,/cm./sec. 0 .23  


1.5 


Figure 5-Partitioning of I between scintillator and aqueous phases in 
the presence or the absence of 11. Key: 0 and 8, activity in presence 
of II  in 5 ml. scinrillator phase and 5 ml. scintillator +- 10 ml. aqueous 
phase, respectively; and 0 and 0 ,  same as abooe but in absence of II .  
Lower curve refers to the calibration by  the standordizatioii procedure 
described in text. 


Equation 6 may also be applied to the permeation process through 
an oil-water interface, since the interface can be regarded as the 
boundary separating the aqueous (I) from the scintillator (11) phase. 


Since the permeation of I from the aqueous to scintillator phase 
was observed in the present study, it follows that: 


VICI + VIICu = VICO (Eq. 7 )  


where VI and VII denote the volumes of the aqueous and scintillator 
phases, respectively; and Co is the initialconcentration in the aque- 
ous phase. When the equilibrium partition is attained, one has 
from Eq. 6: 


CI1JC1, = e - d R T  = K (Eq. 8) 


refers where K denotes the partition constant, and the subscript 
to  the equilibrium value. Combining Eqs. 6-8, one finds: 


j = P(e-d2RT + m/zRT)(Crr, - C I ~ )  (Eq. 9)  


provided VI = VII = 10 ml. (see Appendix). 


interface, A, one has from Eqs. 4 and 9: 
Since the total flux, J, is given by j multiplied by the area of the 


where: 


(Eq. 116) 


m11, = CII,VII (Eq. l l c )  


Integrating Eq. 10 with respect to  time, Eq. 2 is obtained, which 
may be reduced to Eq. 4 when I is small. The values of the time 
constant, T ,  or the reciprocal of the rate constant in the presence 
or absence of I1 in the scintillator phase are given inTable I. 


After partition equilibrium was attained, 5 ml. of scintillator 
solution was transferred to another vial, and the radioactivity was 
measured in both vials (Fig. 5).  It was found that the I in the scin- 
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tillator phase was homogeneously distributed, while the radiation 
from the aqueous part was within experimental error and, hence, 
was disregarded. The lower curve refers to the calibration by the 
standardization procedure described in the Experimental section. 
The standardization procedure, by permitting the determination of 
the concentrations of I in the aqueous and scintillator phases, 
makes it possible to calculate the partition constant. 


Equation 6 may also be written as: 


j = kiCr - krCIr (El. 12) 
where: 


kl = Pe-r/2RT (J3. 1 3 4  
k, = PerDRT (Eq. 136) 


The values of P, k,,  and k, may be evaluated according to Eqs. 1 
and 11, provided the partition constant, the volume of scintillator 
phase, and the area of interface are known. By assuming the inter- 
face to be spherical and measuring the meniscus height of the inter- 
face and the inner diameter of the vial, the interfacial area was 
found to be 5.2 cm.'. The values of P, kl, and kr are given in Table 
I, together with the time constant and the partition constant. Also 
given are the ratios of these values both in the presence and absence 
of 11. 


According to Eq. 4, the time constant for initial sorption, TO, 


can also be estimated from Fig. 4. The estimated values of time 
constant T~ were near to those of T estimated from the whole curves 
of the time course, as indicated in Table I. The turbulence of the 
system involved in the initial stage of sorption would be responsible 
for the slight deviation of TO from 7. 


As seen in Table I, the partition constant KZ is much greater than 
Kl, a finding suggesting the formation af a 11 salt of 1. The forma- 
tion constant, K,, of the salt in the scintillator phase can be ex- 
pressed by: 


(Eq. 14) 


where Gt and CII, denote the concentrations of salt and free I, 
respectively; and CD is the concentration of free 11. 


Since the volumes of aqueous and scintillator phases are identical, 
the following relations hold: 


(Eq. 15) 


(Eq. 16) 


(Eq. 17) 


where CIO and CDO are the initial concentrations of 1 in the aqueous 
phase and those of 11 in the scintillator phase, respectively. In Eq. 15, 
(CII, + G:) indicates the total concentration of I in the xintil- 
lator phase that may be estimated from the radiation intensity. The 


CI, = CIO - ( G I ,  + Gi2 
c;;: = tc;: + CIIJ - CII, 


C D  = c D o  - G k  
and : 


Table II-Constants in Partition Phenon~enon~ 


concentration of free I in the scintillator phase, CII,,. may be deter- 
mined from the relgtion: 


Ki = CIIJCI, (Eq. 18) 


where Kl is the partition constant for free I. The value of Kl in the 
absence of I1 was found to be (1.12 f 0.02) X 10-1. Since the 
presence of I1 does not alter KI, GL can be determined according 
to Eqs. 16 and 18 and CD can be determined according to Eq. 17. 
The values of K, calculated according to Eq. 14 by using the data 
a t  various concentrations of I were found to be a constant within 
experimental error, K, = (5.7 f 0.4) X 1W M-I (Table 11). This 
verifies Eq. 4, which suggests the formation of a 1 :1 salt between 
the cation of I and anion of 11. 


Since Kx, the partition constant in the presence of 11, is given by: 


(Eq. 19) 


combining this equation with Eqs. 14-19 (see Appendix) gives: 


(Eq. 20) 


When K,GCI, is much less than unity, KX may be reduced to: 


KI 'U KGCDO (Eq. 21) 


provided Kl is much less than Ka. Since the observed value of Kx 
(2.89 k 0.25) is much greater than K1 and K.KICI,O is less than 
unity, the approximate value of KZ may be evaluated according to 
Eq. 21. A value of 3.02 is obtained, which is close to the observed 
value, 2.89. 


The partition of I between the (S + T )  and the aqueous phase at 
pH 7.4 was also measured and the partition coefficient was Pound 
to be 9.6 f 1.1 (Table 111). The pH dependence of I may be at- 
tributed to the dissociation of I ion in aqueous phase, i.e.: 


where the subscript Wrefers to the aqueous phase, and PMCG = I. 


has from Eq. 22: 
Since the PMCG exists in the form of PMCW and PMCG, one 


where [PMCGJTW is the total concentration of I in the aqueous 
phase. On the'bther hand, the partition coe&ient of the neutral I 
molecule between the (S + 7') and the aqueous phase is defined as: 


[PMCGlc 
= [ P M C G l w  


Since the concentrations of I in the (S + 7') phase, [PMCGIO, and 
in the aqueous phase are equivalent to CII, and Cr, of Eq. 18, 
respectively: 


and, hence: 


16 4 . 7  11.25 38.75 0.052 5.6 
4C.36 0.035 6 .8  


4.8 1.54 3.24 46.76 0.017 4.1 
3.2 0.78 2.41 47.59 0.009 5.7 
2.4 0.59 1.80 48.20 0.007 5.4 


Mean K, = (5.7 f 0.4) X 1P M-I 


a Ki = (1.12 * 0.02) X 10-2 
K2 = 2.89 f 0.24 
Ks = (5.7 f 0.4) X 106 M-' 
K* = K,K~CDO = 3.02 
Formation constant, K,, of salt. 
(CDO = SO x 10-5 M) 


[PMCGlo 
K1 = [PMCGIrw 


KOW = K('% + 1) 


Table III-Partition Coefficient of I 


PH KI 


1.8 M I  7.4 8.0 
1.8 M I (hyaluronic acidp 7.4 8.0 
9.6 I 7.4 8.0 
Desorption experiment 1 7.4 13.0 


Mean 9.6 1.1 
Desorption experiment 2 7.4 11.0 


4 The hyaluronic acid (0.01%) was present in the aqueous phase. 
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Table IV--Partition Coefficients and pKa of I Ion 


45 X " E: 2 1 


0 


PH 
K,  


>/ 
I 


~. 
K .  
pKa (calc.) 
pKa (obs.) 
Kow 


2 7.4 
1.12 x lo-' 9.6 


1 0 - 6  
5 


5.3 % 0.2 
10 


The stability constant of I ion in aqueous solution may be esti- 
mated from the measurements of the partition coefficients of I at 
various pH's since KOW is a constant. The value of pKa calculated 
from Kl's at pH 2 and 7.4 was found to be 5,  in agreement with 
5.3 f 0.2 which was determined by pH titration. KOW which could 
be determined from Eq. 26, provided K,, K., and pH were known, 
was found to be 10 (Table IV). 


In investigating the effect of I1 on the permeation rate of I at pH 
7.4, it was found that the rate of permeation was not influenced by 
the presence of I1 in the scintillator phase (Fig. 6). At pH 7.4, 
virtually all of the I in the aqueous phase would be in the neutral 
form, so that no ionic interaction with II  would occur. 


Finally, the transfer of 1 from the scintillator to the aqueous 
phase was examined under various conditions (Fig. 7). At pH 7.4, 
the transfer of 1 was negligible, indicating the high partition of I in 
the scintillator phase at this pH. On the other hand, the presence of 
a strong polyanion, such as the hyaluronic acid, in the aqueous 
phase at pH 2 enhanced the transfer rate of I from the scintillator to 
the aqueous phase with or without I 1  in the scintillator phase. 


111 living cells, the membrane as well as the cell interior possesses 
components exhibiting a high affinity to diffusible substances such 
as inorganic ions, metabolites. and drugs. Interfacial techniques 
have proven to be effective tools for examining such phenomena 
and, thereby, have contributed to the development of an effective 
experimental model of a biological membrane. The adaptation of 
liquid scintillation to the measirrement of oil-water partitioning and 
interfacial adsorption should extend the usefulness of the radiotracer 
technique for measuring surface adsorption. 


APPENDIX 


Derivation of Eq. 9-Combining Eq. 6 with Eq. 7, one derives: 


j = P[Cre-s/ZRr - Cr,edZRq 


= p[(Co - C1Ije-v/ZRT - Crren/2RTJ 


= P[C,,e-r2RT - CIr(ed2RT + e-dZRT)] 


10' 


E 
$ 


10' 


10' I I 1 
2 4 


HOURS 


Figure 7-Efects of addi,ig corioirs substances 10 sciiitillator and 
aqueous phases on the partition rate of I from scintillator phase to 
aqueoris phase. Key: @, in the presence of11 alorie, pH 2; 0 and 8, iir 
the presence of I1 at pH 7.4 with and without 0.01 hyalurottic acid 
( I l l ) ,  respectively; (3 in the preseiice of I1 and 0.01 x Ill, pH 2; A 
andA, absence of I1 at pH 7.4 with and without 0.01 % 111, respectively; 
and 0 and ., absence of I1 at pH 2 with and without 0.01 x I l l .  re- 
spectioely . I l l  dissolved iii aqueous phase arid 11 dissolaed in sciiitillator 
phase. 


From Eq. 8: 


Since VI = VII, one has: 


(Es. A3) CI + Crr = CI, + Crr, = co 


and combining Eq. A2 with Eq. A3: 


Comparing Eq. Al with Eq. A4, one obtains Eq. 9. 


Derivation of Eq. 2O-From Eq. 14: 


Crr #.it = K,CII,CD (Es. AS) 


Combining Eqs. 14 and 17 and substituting in Eq. AS, one ob- 
tains: 


c D o  - C D  = K*CII,CD (Eq. A h )  


c D o  


cD = K.Crr, + 1 
(Eq. A6b) 


From Eq. 18, Clr, = KIC1,. Substituting Eqs. AS and A6c in Eq. 
19, one obtains: 


Finally : 


K A  CD O K2 = KI + 1 + KaKiCr, 


which is Eq. 20. 
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Action of Ultrasonicated Epinephrine: 
Potentiation of Isometric Contraction in Isolated 
Papillary Muscle from Dog Quiescent Heart 


ANWAR A. HAKIM 


Abstract 0 Epinephrine solutions were exposed to ultrasonic 
frequencies or to oxidation by passing oxygen through the solution 
until a pink color was formed. The effects of theseepinephrinesolu- 
tions were investigated on the physiological functions of heart 
papillary muscles and their contractile element, i.e., actomyosin. 
When added to the bathing medium containing papillary muscle 
from beating rat hearts, the modified epinephrine produced a 
gradual increase in the maximum response of the muscle to elec- 
trical stimulation. If the incubating medium contained papillary 
muscle from quiescent dog heart, the muscle did not respond to elec- 
trical stimulation alone or in the presence of epinephrine. However, 
when added to the bathing medium, the sonified or the oxidized 
epinephrine caused initiation and potentiation of isometric con- 
tractions in response to electrical stimulation. The effects of the 
altered epinephrines on papillary muscles from both types of hearts 
were concentration and time dependent. When added with either 
the sonified or the oxidized epinephrine, a “serum protein” iso- 
lated from human serum intensified and stabilized the effects of 
both forms of epinephrine on the papillary muscle from rat or dog 
quiescent heart. When added to a standard actomyosin solution in 
imidazole-potassium chlorideethyleneglycol tetraacetate salt bufTer 
at pH 7.0, adenosine triphosphate caused precipitation of the con- 
tractile protein, which was assessed by the increase in absorbance 
and was measured spectrophotometrically a t  660 nm. When the 
incubation mixture contained increments of the sonified or the 
oxidized epinephrine, the precipitating effect of adenosine tri- 
phosphate was not changed. But, if added with either modified 
epinephrine, the serum protein caused two- or fivefold increases in 
the precipitation of the contractile elements from solutions in- 
cubated in the presence of the oxidized or s o d e d  epinephrine, 
respectively. 


Keyphrases 0 Epinephrine, ultrasonicated or oxidized-potentia- 
tion of isometric contraction in isolated heart papillary muscle 0 
Isometric contraction in isolated heart papillary muscle-potentia- 
tion by ultrasonicated or oxidized epinephrine 0 Heart papillary 
muscle-potentiation of isometric contraction by ultrasonicated 
or oxidized epinephrine IJ Ultrasonicated epinephrine-potentia- 
tion of isometric contraction in isolated heart papillary muscle 


Epinephrine inotropy in cardiac muscle is charader- 
ized by two distinct alterations in the contractile pro- 
cess. In isolated tissue preparations (1) as well as in situ 


(2, 3), administration of epinephrine brings about an 
increase in systolic force or shortening, with an appreci- 
able reduction in the duration of contraction (4). 


In recent years, most studies on cardiac muscle have 
been performed on papillary muscle from beating cat 
or rat heart. When bathed or perfused with physio- 
logical buffer solution, isolated myocardial preparations 
spontaneously undergo contractile failure. Clark et al. 
( 5 )  suggested that the addition of serum to the buffer 
solution stabilized these failing preparations. Addition 
of various plasma fractions or dialysates also delayed 
the onset of cardiac decay. This led Gabel el al. (6) 
to hypothesize that fatigue in isolated muscle prepara- 
tions might also be influenced by the presence or ab- 
sence of blood fractions. Other investigators (7, 8) 
showed that cardiac muscle maintained in plain buffer 
solutions lost the poststimulation potential, but it was 
restored by serum; they confirmed the presence of 
cardioactive principles in blood plasma. 


The aim of the present studies is to demonstrate the 
initiation and potentiation of isometric contractions 
in electrically stimulated dog heart papillary muscle 
with epinephrine modified by exposure to gaseous 
cavitation produced by ultrasonic frequencies or by 
limited oxidation of the amine. 


EXPERIMENTAL 


Materials-Epinephrine solutions were transformed to a light- 
pink pigment, metaphrine, by two methods: 


1. Solutions (10-8 M) of epinephrine in physiological saline were 
exposed to ultrasonic frequencies. A sonic oscillator1 was employed 
at 20 w. at the machine maximum output of 10 kc., 0.78 amp. and 60 
cycles. The solutions were sonified for I 2 0  min. at 0-4’ until the 
formation of metaphrines, which was assessed by the appearance of 
a light-pink color (9). 


* Raytheon, model DF 101. 
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Table I-Physical and Spectral Characteristics of Dansyl-A@- and 
Dansyl-A-tetrahydrocannabinols (I1 and 111) 


I1 111 


Appearance 


Melting point 
(!corrected) 


A,. in ethanol 


A- excjt+tion 
A, emission 


Greenish-yellow 
crystals 


81-84’ 


345 nm. (t 4100) 
283 s (4590) 
253 (15,860) 


350 nm. 
530 nm. 


Greenisbyellow 
c r y s e  


105-107 


345 nm. (c 3780) 
283 s (3880) 
253 (14.800) 
215 s (46,000) 
350 nm. 
530 nm. 


is substituted into the nucleophilic 2-position of the 
aromatic ring (4, 5). On NMR analysis in deuterio- 
chloroform, the dansylation products of do- or An- 
tetrahydrocannabinol exhibit two doublets, each in- 
tegrating for one proton, in the aromatic region (11, 
6 = 6.45 p.p.m., 6,22; 111, 6 = 6.50 p.p.m., 6.27) with 
a coupling constant of 1.5-2.0 Hz. These signals fit 
an AB system characteristic of rneta-coupled aromatic 
protons. The more downfield proton corresponds to the 
4~position proton and the other to the 2-position proton. 
On this basis, I1 and 111 are proposed to be O-dansyl 
and not C-dansyl compounds. The absence of any ex- 
changeable protons upon the addition of D20  provides 
further evidence to support the proposed structure. 


Dansylated compounds were reported (1) to decom- 
pose when allowed to remain on silica gel for prolonged 
periods. In our experieuce, if pure I1 was left on a silica 
gel thin-layer plate for over 4 hr. in a dry state, the 
original greenish-yellow fluorescence of the spot took 
on a dull-orange color. Scraping and rechromato- 
graphing this spot gave at least two additional spots. 
This observation suggests that I1 undergoes significant 
degradation under the test conditions. The literature 
further documents examples of instability of dansylated 
phenols to UV exposure (6). Irradiation of Compounds 
I1 and 111 on a silica gel plate with 350- or 254-nm. UV 
light caused changes in TLC properties after only 10 
min. 


Solutions of I1 and 111 in ethanol slowly decompose 
regardless of storage conditions. After storage at room 
temperature and exposure to laboratory light, changes 
in color and in the UV absorption spectrum were ap- 
parent after I week. Refrigeration delayed these changes 
for several weeks. However, storage of the crystals in 
screw-capped vials under nitrogen, in the dark, in a 


Table II-Law-Resolution Mass Spectra of Dansyl-A@- and 
Dansyl-A*-tetrahydrocannabinols (I1 Wd 111) 


. ~- ~ 


I1 111 
Relative Relative 
Abun- Abun- 


mle dance m/e dance 


M+ 547 8 M+ 547 18 
M-SO, 483 3 M-SG 483 14 


464 2 464 16 
412 6 412 3 
314 31 313 9 
313 100 23 1 3 
23 1 4 171 100 
171 78 170 86 
170 32 


desiccator produced no observable changes in TLC 
properties in more than 3 months. 


(1) N. Seiler and M. Wiechmann, in “Progress in TLC and Re- 
lated Methods,” vol. I, A. Niederwieser and G. Pataki, Ed$., Ann 
Arbor-Humphrey, Ann Arbor, Mich., 1970, pp. 94-144. 
(2) W. W. Just, G. Werner, and M. Wiechmann, Naiunvlmen- 


schaften, 59,222(1972). 
(3) I. S. Forrest, D. E. Green, S. D. Rose, G. C. Skinner, and 


D. M. Torres, Res. Commun. Chem. Pathd. Pharmacd., 2, 787 
(1971). 


(4) Y. Gaoni and R. Mechoulam, J. Amer. Chem. Soc., 93, 217 
(1971). 
(5) K. Bailey and D. Verner, Chem. Commun., lwZ, 89. 
(6) J. F. Lawrence and R. W. Frei, J. Chromatogr., 66,93(1972). 
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Mechanism of Phenobarbital Degradation 


Keyphrases 0 Phenobarbital-mechanism of degradation, prod- 
ucts identified 0 Barbiturate degradation-mechanism of ring 
cleavage, phenobarbital and products 


Sir: 
In a recent paper, Garrett et al. (1) further elucidated 


the kinetics of hydrolysis of several important bar- 
biturates. In their studies, they discovered the rather 
surprising fact that diethylmalonuric acid (V) (Scheme 
I) in basic solution may cyclize to form the parent- 
substituted barbituric acid, barbital (IV). Previous 
workers (2, 3) assumed that the hydrolysis of the parent 
barbiturate to the corresponding malonuric acid was 
irreversible, and various degradation schemes were 
predicated on that assumption. Hegarty and Bruice 
(4) also reported a similar reaction in the cyclization 
of 2-ureidobenzoic acid. 


We have now repeated the work relative to diethyl- 
malonuric acid and verified by mass spectrometry that 
the cyclization product of diethylmalonuric acid in 
basic solution is barbital. The reversibility of the hydrol- 
ysis of the barbituric acid nucleus is an important dis- 
covery and may have interesting biological ramifica- 
tions. 


In discussing the reversibility of this reaction, Garrett 
et al. (1) challenged the mechanism of phenobarbital 
degradation proposed by Tishler et al. (3). They put 
forward a rather tortuous argument to explain the ex- 
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R1\C-C02- + 4 NH,-C-NH, 
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II 


k, 
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I 
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Ha-C-C-C--MI2 product 


k 
III 


IV / V 


--. bo*- 
w J 


VI 
Scheme I-Degradatiw pathway of barbituric acid derioatiws 
(barbital: RI.  R, = ethy1;phenobarbital: it1 = ethyl, RI = phenyo 


perimental results of Tishler and coworkers. However, 
their argument depends on the reversibility of the 
phenylmalonuric acid formation in a manner analogous 
to diethylmalonuric acid. In the paper where Fret- 
wurst ( 5 )  reported recovery of 50% of degraded barbital 
as the diethylmalonuric acid, he also reported finding 
no corresponding malonuric acid under several different 
conditions with phenobarbital. Several other barbitu- 
rates, substituted such that the malonuric acid derived 
from them contains a group that can conjugate with 
the ureide carbonyl in the enol intermediate postulated 
for the decarboxylation mechanism (Scheme 11), like- 
wise were devoid of isolatable substituted malonuric 
acid. If the mechanism proposed by Hegarty and Bruice 
(4) for the cyclization of 2-ureidobenzoic acid is cor- 
rect, different malonuric acids should cyclize at about 
the same rate (in basic solution) since the mechanism 
depends upon the nucleophilicity of the terminal amino 
group, which would be only minimally affected by 
different substituents. It would, therefore, appear that 
substitution of one of the ethyl groups of barbital by 
the phenyl group results in labilization of malonuric 
acid, such that decarboxylation occurs at a much higher 
rate than in the barbital product, with little change in 
the cyclization rate, making the step from phenobarbital 
to phenylethylmalonuric acid essentially irreversible, as 
assumed by Tishler et al. (3). 


Moreover, Fretwurst (9, when using two equivalents 
of sodium hydroxide for each equivalent of pheno- 
barbital, identified 7 3 x  of the reaction product as 


Scheme 11-Postulated mechanism for decarboxylation of disubsti- 
tuted malonuric acid 


malonic acid (VII) instead of isolating the substituted 
acetylurea (VI) as the primary product, apparently 
indicating that the hydrolysis to malonic acid at higher 
base concentrations proceeds at a more rapid rate than 
the parallel decarboxylation reaction. ' 


The known facts relative to barbiturate degradation 
would fit a scheme in which the unionized barbiturate 
can be cleaved at the one-two position, leading to pro- 
duction of the bisamide (111), or at the one-six (three- 
four) position, leading to the ureide (VI); the ionized 
barbiturate would cleave only at the one-six (three- 
four) position, leading to the ureide (or malonic acid) 
exclusively. For example, in the paper by Tishler et al., 
(3) the equation describing the ureide pathway would 
be : 


assuming that kl, mentioned in the previous paper (3), 
is the sum of the rate constant relating production of 
the ureide, ky, and the rate constant relative to the rate 
of production of the bisamide, kd, from undisswiated 
phenobarbital (I). In the 8.2-9.5 pH range studied by 
the authors, the K, (10-7-10-8)  of phenobarbital would 
be much greater than the hydrogen-ion concentration, 
and one could assume with Garrett et al. (1) that the 
ureide pathway for the unionized barbiturate is severely 
hampered through steric hindrance by the presence 
of the phenyl group at the five position; thus, the prod- 
uct krK, would be much greater than kyCH+], and the 
results found by Tishler et al. (3) are explained. On the 
other hand, the results also reported by Garrett et al. 
(1) relative to the hydrolysis of barbital at pH 6.15, 
where the ureide represents 84% of hydrolyzed barbital, 
is also explicable in allowing the nonsterically hindered 
hydroxide-ion attack at the one-six or three-four posi- 
tion. It is certainly clear that more work is needed on 
the hydrolysis of barbiturates, particularly on the deg- 
radation beyond the initial cleavage of the barbituric 
acid itself. 
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mole) of the aromatic amide oxime and dimethyl acetylenedim- 
boxylate wae dissolved in 100 ml. of anhydrous methanol. The 
mixing of the reactants was often mildly exothermic, but the solu- 
tion was heated at  d u x  for 3 hr. to complete the reaction. The 
methanol was removed in wcuo, and the resulting oil was induced to 
crystallize by chilling and scratching (two exceptions as noted in 
Table 1). These low melting solids wen purified by repeated recrys- 
t a b t i o n  from methanol to analytical purity. 
ceaarl procedmefor Tbanal R w t  to Imi- 


( I Ia-fbA mixture of approximately 2.0 g. of the amide oximo 
dimethyl acetylenedicarboxylate adduct and 25 ml. of diphenyl 
ether was heated at d u x  for 2 hr. The solution was cooled to room 
temperature and diluted with n-hexsne, and the precipitated solid 
was collected. The crude product was recrystallized from methanol 
with the aid of decolorizing carbon. Yields and melting points are 
reported in Table 11. 


(5 )  E. Robats and D. G. Simonsen, Bfmhem. Phrmocd., 15, 
187Yl966). 


(6) R. Clark, T. E. Lynes, W. A. Price, J. P. Marvel, D. H. 
Smith, and V. G. Vernier, Pharmucdogbt, 10,197(1968). 


(7) S. Irwin, in “Animal and Clinical Pharmacologic Techniques 
in Drug Evaluation,” J. H. Nodine and P. E. Siegler, Eds., Year 
Book Medical Publishers, Chicago. Ill.. 1964. 


( 8 )  T. Skadsky,  Termhedron Let:., lm, 25. 
(9) N. D. Heindel and M. C. Chim, ibid., 1971,1439. 
(10) F. Eloy and R. Lenae-rs, Chem. Reo., 62,155(1962). 
(11) E. J. Pribyl, H. L. Yak, and J. Bernstein, U. S. pat. 


3,137,723 (1964). 
(12) T. Kanazawa, E. Owada, M. Yoshida, and T. Sato, N i p  


pon Kagaku Zasshi, 76,654(1955); through Chem. Abstr., 51,17814 
(1957). 
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Differential Thermal Analysis and X-Ray Diffraction Studies of 
Griseofulvin-Succinic Acid Solid Dispersions 


WIN LOUNG CHIOU’ and SARFARAZ NIAZI 


Ab~tract 0 Differential thermal analysis and X-ray diffraction 
techniques were employed to study the phase diagrams of griseo- 
fulvin-succinic acid systems. The complications of the formation of 
a thermally decomposed product of succinic acid, succinjc anhy- 
dride, on the thermograms were discussed. The appearance of 
typical eutectic peaks and X-ray diffraction peaks of griseofulvin 
in the resolidified preparations containing 10% or less of griseo- 
fulvin indicates that the binary system is a simple eutectic mixture 
with negligible mutualsolid solubilities. This result is partly different 
from that obtained previously by the microthermal microscope 
technique, which showed the existence of an extensive solid solu- 
tion of griseofulvin in succinic acid. The formation of a solid solu- 


The classification and pharmaceutical applications 
of solid dispersion systems were recently reviewed by 
Chiou and Riegelman (1). A knowledge of the physico- 
chemical properties of a solid dispersion is very impor- 
tant toward an understanding of its applications. Chlor- 
amphenicol dispersed in urea was shown to result in 
faster dissolution and absorption rates (2, 3). The en- 
hancement was thought primarily due to the formation 


tion was previously concluded to be primarily responsible for the 
enhanced dissolution of griseofulvin. 


Keypbrases 0 Griifulvin-succinic acid solid dispserions-phase 
diagrams, differential thermal analysis and X-ray diffraction, results 
compared to  microthermal microscope technique 0 Succinic acid- 
griseofulvin solid dispersions-phase diagrams, differential thermal 
analysis and X-ray diffraction, results compared to microthermal 
microscope technique 0 Differential thermal analysis-phase dia- 
grams of griseofulvin-succinic acid solid dispersions 0 X-ray dif- 
fraction-phase diagrams of griseofulvin-succinic acid solid dis- 
persions 


of a solid solution of the drug in the carrier, urea (3). 
Recently, Chiou (4) used differential thermal analysis 
and X-ray diffraction methods to reexamine this system, 
and he concluded that the system is a simple eutectic 
mixture with negligible mutual solid solubility. 


The observed enhancement in both dissolution and 
absorption rates must, therefore, be mainly due to the 
reduction of the chloramphenicol crystalline size fol- 
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MOLE FRACTION OF GRISEOFULVIN 


Figure I-Phase diagmm for griseofdvin-succi&. acid mixtures ob- 
tained by microthermal techniques. (From Reference 5.) 


174 


164 
lowing the solidification of the melt of the mixture, 
Griseofulvin dispersed in sukcinic acid was previously 
shown by Goldberg et 01. ( 5 )  to produce a much faster 
dissolution rate and a supersaturation phenomenon. 
These observations were attributed to the formation of 
a solid solution of the drug in the carrier. This conclu- 
sion was based on their analysis of the phase diagram 
(reproduced in Fig. 1) determined by the microthermal 
microscope technique. The purpose of this paper is to 
report a different finding regarding the griseofulvin- 
succinic acid phase diagram study obtained through 
more sophisticated and objective techniques, namely 
differential thermal analysis and X-ray diffraction. 


EXPERIMEWAL 


Snmpk Praparatiolu-physical mixtures of griseofulvinl and 
succinic acid' were obtained by mixing in either a microball mill' or 
mortar. Griseofulvin-succinic acid solid dispersions were prepared 
by the fusion method (5). The concentration of griseofulvin in each 
preparation was confirmed spectrophotometrically using a spectre 
photometer4 (5). 


Tbampl and X-Rny DIllrpctton Stndiw-The procedure and in- 
strumentation for differential thermal analysis, X-ray diffraction, 
and capillary tube melting-point studies were identical to those re- 
ported previously (6). Heating rates of 5 and lO"/min. used in this 
study were found to give almost identical thermograms. 


RESULTS AND DISCUSSION 


been generally found that the binary phase dbgrams determined 
from physical mixtures through thermal analyses often correlate 
well with those determined from fused or evaporated mixtures (7, 
8). The phase diagram of the griseofulvin-succinic acid system, de- 
termined from their physical mixtures, that has not been previously 
reported is shown in Fig. 2. The eutectic melting was observed in all 
samples containing 149% (w/w) of griseofulvin. T h i s  might be 
indicative of a lack of an extensive mutual solid solubility between 
the two components. Similar eutectic peaks were also observed in 
all physical mixtures of the sulfathiazole-urea binary system (6). 
However, certain mutual solid solubilities between the two compe 
nents were found in their solidified fused preparations (6). 


Pllam Diponm Determinrtioa fhm Pbys id  Mlxbrsr--It has 


0 


I L I I I 1  I I I 


Figure >Phase diagram of griseofdvin-succinic acid binary system 
determined from physicd mixtures. Key: ., thaw point; and @, find 
melting point. 


The thaw points in this study were determined from the differ- 
ential thermal analysis thermograms. because differential thermal 
analysis instruments are more sensitive than the conventional cap 
illary tube method in detecting the beginning of melting of a small 
fraction of a sample (1,6). They were all found to be around 170°, 
which is about 2.5" hi- than the previously reported value (5). 
The Anal melting points of the samples were determined from both 


1 Griseofulvin USP (micronized), supplied by McNeil Laboratories, 
Fort Washington, Pa. 


8 Succinic acid. sup lied by Merck & Co.. Inc.. Rahway, N. J. * Ball mill shaker, erescent Dental Manufacturing Co.. Chicago, Ill. 
4 k h a n  DBG. 


ldo' UO" 144 160' 180' 200' 
TEMPERATURE 


Figure 3-Thermogram of succinic acid. Key: top, first run; and 
bottom, rerun of the sample after 5 min. 
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Figure 4-Thermogmms of different samples of 10% griseofdvin. 
Key: 1, physical mixture; 11, sdid dispersion; ill, sdid dispersion 
incubated at 80" for 5 days; and lV,  10% griseofdvin-90% melted 
succinic acidphysical mixture. 


the differential thermal analysis and capillary tube methods. How- 
ever, for samples that showed ambiguities of the final melting on 
differential thermal analysis thermograms (6, 8). the values deter- 
mined from the capillary tube method were used in the construction 
of the phase diagrams ( I ,  6). 


Thermal Stability of GriseofuMn and Sucdnic Add-To deter- 
mine the phase diagram of a binary system from resolidified fused 
preparations, it is necess~~y to study first the thermal stability of 
both components. If any significant chemical decomposition takes 
place during the initial melting process, the phase diagram deter- 
mined might be quite complicated or sometimes misleading because 
the system now contains three or more components. The thermal 
stability of griseofulvin was demonstrated by essentially the identical 
differential thermal analysis thermograms of its original and re- 
solidified pulverized samples. This is in agreement with some previ- 
ous studies (9, 10). Although succinic acid (m.p. 185-187", b.p. 
235') has been reported ( I  1) to undergo a partial conversion to suc- 
cinic anhydride (m.p. 119.6', b.p. 261 "). it appears that no data are 
available in the literature regarding its thermal stability around its 
melting point. 


The thermogram of the resolidified fused samples obtained from 
this study showed an extra endothermic peak beginning at  118". 
The melting range of its major peak was also widened and consid- 
erably shifted to the lower temperature (Fig. 3). Furthermore, the 
intensity of the extra endothermic peaks and the widening and shift- 
ing of the major peaks were all further enhanced when the sample 
was fused and solidified repeatedly. From a theoretical considera- 
tion ( I ,  13). this observation agrees with a contention that succinic 
acid will partially decompose after melting and will form a eutectic 
mixture with its thermally decomposed product. The extent of de- 
composition also appears to increase with repeated fusion of the 
acid. It is reasonable to assume that succinic anhydride is also the 
decomposition product. The thermal decomposition was also con- 
firmed by the sublimed deposition of a thin white layer of film on 


,. 
I 1 I I I 


25 20 15 10 5 
28, DEGREES 


Figure 5-X-ray dffmtion spectra. Key: top, 10% griseofdoin sdid 
dispersion; middle, resolidified succinic acid; and bottom, griseofulvin. 
Tick marks indicate the characteristic peaks of griseofdoin. 


the cover glass when the resolidified succinic acid powder was heated 
to  about 120" on a hot stage attached to a microscopeg. Such a sub- 
limation, however, could not be detected when succinic acid was 
diFectly heated to 1%' without prior fusion and solidification. The 
sublimation phenomenon of succinic anhydride was reported pre- 
viously ( I  1). The presence of succinic anhydride in the resolidified 
succinic acid sample was also confirmed by the preliminary X-ray 
diffraction study. 


Tbamal Analyees of Resdictllkd Plleed Mixtues--Although 
thermal analyses were conducted for many resolidified preparations 
containing various amounts of griseofulvin and succinic acid, only 
the 10% (w/w) griseofulvin-Wx succinic acid resolidified prepara- 
tion (or solid dispersion) will G discussed in detail. Since succinic 
acid might undergo a partial thermal demmposition, its compli- 
cating effect on the differential thermal analysis thermogram of the 
10% griseofulvin solid dispersion was reasonably anticipated. 


Thermograms of both the solid dispersion and the physical mix- 
ture are shown in Fig. 4. Two endothermic peaks were present, be- 
ginning at 109 and 166". respectively, in the solid dispersion therrno- 
gram (as shown by the arrows). In addition, its final melting peak 
appeared a few degrees lower than that of the physical mixture. The 
ixak starting at  109" is attributed to the presence of succinic an- 
hydride. This conclusion is also supported by the following evi- 
dence: ( P )  a similar sublimation phenomenon was also observed for 
the solid dispersion at  nbout 120"; and (b) a similar thermogram 
pattern was also obtained from the physical mixture of 10% griseo- 
fulvin-90% resolidified succiNc acid (Fig. 4) and from the physical 
mixture of 10% griseofulvin-87.5 % succinic acid-2.5 succinic 
anhydride. It was estimated from the thermograms that about 7% 
of succinic anhydride was present in the 10% griseofulvin solid dk- 
persion. 


During the early stage of this investigation, it was thought that 
the observed peculiarities of the above solid dispersion thermogram 
might have been caused by the metastable state of the sample fol- 


6 Kofler. 
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lowing rcsolidification of the melt at room temperature. Therefore, 
the thermogram was again recorded for samples that had been incu- 
bated at  80" for 5 days in sealed capillary tubes. Surprisingly, the 
earliei peak disappeared and the griseofulvin-succinic acid eutectic 
peak. with an intensity similar to that found in the physical mixture, 
reappeared (Fig. 4). The disappearance of the earlier peak is thus 
likely to be due to the sublimation of succinic anhydride to  the u p  
per part of the capillary tube during the annealing process. The re 
appearance of the original eutectic peak also clearly indicates that 
the majority of griseofulvin is present as griseofulvin crystals and 
not as solid solution in the solid dispersion. 


It must be emphasized that, b e d  on the phase rules and differ- 
ential thermal analysis principles ( I ,  4,6), the thaw point or the be- 
ginning of the endothermic peak of the thermogram must be higher 
than the eutectic temperature if the sample is a solid solution as 
originally proposed by Goldberg et al. (5). The peculiar thermal 
charactelistics of the 10% griseofulvin sclid dispersion were also 
observed in the I ,  2, and 5 %  griseofulvin solid dispersions. In other 
words, based on this method of analysis, the solid solubility of 
griseofutvin in succinic acid at  or above the eutectic temperature 
should be less than 1 or negligible. This is not in agreement with 
thc previous study in which a solid solubility of 25% griseofulvin in 
succinic acid was reported. As reported (4) earlier for the chloram 
phenicol-urea system, such discrepancy is probably due to the more 
subjective visual method used in these previous studies. As beginners 
in microscopy, the present authors have experienRd uncertainty in 
ascertaining the exact thaw points of the solid dispersion samples 
using an identical technique to that employed by previous workers 
(5). The thaw point varied between 110 and 170". The reported 
limited solid solubility of succinic acid in griseofulvin was also con- 
firmed by the present study. The resolidified samples containing 
95 and 98% of griseofulvin all showed eutectic peaks at  about 166". 


X-Ray DHTrncth Studies-The X-ray diffraction technique was 
used recently to study the physical nature of drugs in solid disper- 
sion systems (4.6, 12). It was employed a h  in this investigation to 
support the differential thermal analyses results showing the limited 
solubility of griseofulvin in succinic acid. Theoretically, the charac- 
teristic diffraction peaks of the solid solute should be absent from 
the diffraction spectrum of a solid solution (1). However, this is not 
the case for the 10% griseofulvin solid dispersion. Three major peaks 
of griseofulvin at 10.8, 13.3. and 16.6" (13) were all present in the 
10% griseofulvin solid dispersion (Fig. 5). The comparable areas 
under these peaks between the solid dispersion and physical mix- 
ture (10% griseofulvin) also indicate that most of the griseofulvin 
was present as crystals and not as a solid solution in the preparation. 
A slight line broadening effect was observed in the freshly prepared 
solid dispersion which might indicate the presence of ultrafine crys- 


tals of griseofulvin. For example, the ratio for the peak height over 
the peak width at 10.8" was increased about onefold after aging at  
80" for 5 days. The effect of peak broadening on the dissolution rate 
of griseofulvin is currently under investigation in this laboratory. 
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In Vitro Dissolution and In Viuo Absorption of Nitrofurantoin from 
Deoxycholic Acid Coprecipitates 


ROGER G. STOLL*, THEODORE R. BATES?, and JAMES SWARBRICK' 


Abstract 0 The in vitro dissolution and in vivo absorption char- 
acteristics of various nitrofurantoin and nitrofurantoin-deoxycholic 
acid preparations were studied. Zn vitro particulate dissolution 
studies compared the dissolution of a 1 : 5  molar ratio nitrofuran- 
toin-deoxycholic acid coprecipitate to that of a 1 : 5  physical mix- 
ture of nitrofurantoin and deoxycholic acid, precipitated nitro- 
furantoin, and pure nitrofurantoin. In pH 7.4 buffer, the dissolution 
rate of the coprecipitate system was approximately six times greater 
than the dissolution rate of the 1 : 5  physical mixture. However; 
no statistical differences could be shown among the dissolution 
rates of the 1 : 5  physical mixture, the pure nitrofurantoin, and the 
precipitated form of nitrofurantoin. In pH 1.2 buffer solution, the 
1 : 5  coprecipitate showed a faster initial dissolution rate than the 
pure nitrofurantoin but became slower than the pure compound 
after 35 min. The ill vico absorption of the 1 : 5  coprecipitate, the 
1 : 5  physical mixture, and pure nitrofurantoin, as determined by 
urinary excretion of unchanged nitrofurantoin, was carried out in 
four subjects in a crossover study. The 1 : 5  nitrofurantoin-deoxy- 
cholic acid coprecipitate showed significant increases in both the 
initial urinary excretion and the total cumulative amount of un- 
changed nitrofurantoin excreted when compared to either the 1 : 5  
physical mixture or the pure nitrofurantoin. The study demon- 
strated the potential usefulness of drug-bile acid coprecipitate 
systems in increasing the in vivo absorption of dissolution rate- 
limited drugs. 


Keyphrases Nitrofuradtoin dissolution and absorption-deoxy- 
cholic acid coprecipitates, compared to nitrofurantoin alone and 
mixtures with deoxycholic acid 0 Dissolution, nitrofurantoin- 
deoxycholic acid coprecipitates-compared to nitrofurantoin alone 
and mixtures with deoxycholic acid Absorption, nitrofurantoin- 
deoxycholic acid coprecipitates-compared to nitrofurantoin 
alone and mixtures with deoxycholic acid 0 Bile acid-drug co- 
precipitate systems (nitrofurantoin-deoxycholic acid)--effect on 
absorption of dissolution rate-limited drugs 0 Drug-bile acid co- 
precipitate systems (nitrofurantoin-deoxycholic acid)--effect on 
absorption of dissolution rate-limited drugs 


Since Sekiguchi and Obi (1) first reported the princi- 
ple of using solid solutions and eutectic mixtures of 
drugs and inert carriers (e.g., urea and succinic acid) to 
enhance the rate af dissolution and oral absorption of 
poorly water-soluble drugs, reports dealing with the 
in uitro dissolution characteristics of these systems have 
appeared in the literature ( 2 ,  3). More recently, reports 
using other inert carriers such as polyethylene glycol 
(4) and polyvinylpyrrolidone (5, 6 )  to form solid dis- 
persions of insoluble drugs have been made. 


A previous article (7) reported that the increased 
dissolution rate noted for bile acid-reserpine coprecipi- 
tate systems was due most likely to a reduction in the 
particle size of reserpine, which occurred during the 
preparation of the coprecipitates. As a result, the in 
vivo blepharoptotic activity of reserpine was promoted. 
It was natural, therefore, to apply this approach to a 
drug whose dissolution is known to be particle-size 
dependent and whose rate of absorption and bioavail- 
ability have been shown to be influenced by the particle 
size of the drug. Such studies are unique in that a 


naturally occurring physiological material is used to 
prepare such solid dispersion or coprecipitate systems. 


Nitrofurantoin, 1-[(5-nitrofurfurylidene)amino]hy- 
dantoin, is such a drug, since the available data (8, 9) 
show that the absorption and excretion of nitrofurantoin 
in man and the dog are more efficient when microcrys- 
talline drug is administered than when the same dose of 
macrocrystalline material is given. Consequently, this 
drug appears to be suitable for study as a coprecipitate 
of a bile acid. We wish t o  report studies of the in uitro 
dissolution and in uivo absorption characteristics of 
several nitrofurantoin and nitrofurantoin-deoxycholic 
acid systems; deoxycholic acid was the agent with 
which nitrofurantoin was coprecipitated. 


EXPERIMENTAL 


Materials-Nitrofurantoin' was prepared from an aqueous solu- 
tion of sodium nitrofurantoin by slowly acidifying the solution 
with hydrochloric acid until the free acid form of the drug pre- 
cipitated from the system. The precipitate was washed with several 
portions of deionized water and was dried to  constant weight at 
60" in a vacuum oven. Deoxycholic acidz, hyamine 1OX mono- 
hydrate3, N,N-dimethylformamide4, absolute methanols, acetone6, 
and all other chemicals were of reagent grade and used as received. 


Preparation of Coprecipitate Systems-Coprecipita tes of nitro- 
furantoin and deoxycholic acid, in a 1 : 5  molar ratio, were pre- 
pared by dissolving simultaneously the constituents in a minimum 
quantity of acetone and subsequently removing the solvent in uacuo. 
The coprecipitates were then dried in vacuo to constant weight. 
Precipitated nitrofurantoin was prepared by treating pure nitro- 
furantoin in a similar manner. A physical mixture composed of a 
1 : 5  molar ratio of nitrofurantoin and deoxycholic acid was also 
prepared by mechanically mixing the two substances in a mortar 
and pestle. Unless otherwise specified, 40-50-mesh particles of the 
test systems were employed in in vitro dissolution rate and in uivo 
absorption experiments. The chemical uniformity of all dispersions 
was confirmed by assaying for nitrofurantoin (see Assay Proced- 
ures). 


Dissolution Studies-The dissolution characteristics of 40-50- 
mesh particles of nitrofurantoin in the form of a 1 : 5  coprecipitate 
and a physical mixture with deoxycholic acid, nitrofurantoin alone, 
and precipitated nitrofurantoin were studied in a Clark-Lubs pH 
7.4 phosphate buffer system. In all cases, the amount used con- 
tained 25 mg. of nitrofurantoin. The studies were carried out under 
sink conditions using 400 ml. of buffer in a 500-ml., three-necked, 
round-bottom flask maintained at 37" in a constant-temperature 
water bath. A three-bladed polyethylene propeller was immersed 
into the dissolution medium to a depth of 23 mm., and the stirring 
speed was maintained at  150 r.p.m. by a constant-speed stirring 
apparatus6. Fivemilliliter samples were taken for analysis at speci- 
fied time periods and replaced with fresh solvent. The effect of 
particle size on the dissolution behavior of nitrofurantoin was 
determined by studying the dissolution of 40-50-mesh (297-420- 


1 Supplied as sodium nitrofurantoin by Eaton Laboratories, Norwich 


2 Nutritional Biochemical Corp., Cleveland. Ohio. 
3 Rohm and Haas, Philadelphia, Pa. 
4 Reagent grade, Fisher Chemical Co., Medford, Mass. 
6 Reagent grade, Allied Chemical Co., Morristown, N. J. 
6 Standard Servodyne power drive system, Cole-Parmer Instrument 


Pharmacal Co., Norwich, N. Y. 


Co.. Chicago. Il l .  
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Table I-In Vitro Dissolution Rates of Nitrofurantoin 
Systems in pH '7.4 Buffer at 37" 


Dissolution Rate 
Mesh Size Constantb, 


System Rangea min.-l X 102 


Nitrofurantoin 


Ni trofurantoin 


Ni trofurantoin 


Precipitated nitro- 
furantoin 


1 :5  Mixture of nitro- 
furantoin-deoxy- 
cholic acid 


1 : 5  Coprecipitate of 
nitrofurantoin- 
deoxycholic acid 


100-120 
(1 25-1 49) 


70-80 
(177-210) 


40-50 
(297-420) 


40-50 
(297-420) 


14.4 
(14.4; 14.4) 


9.15 
(9.63; 8.66) 


3.55 
(3.43; 3.66) 


3.36 
(3.06; 3.66) 


40-50 
(297-420) 


40-50 
(297-420) 


3.20 
(3.06; 3.34) 


17.6 
(17.0; 18.1) 


Particle-size range in microns in parentheses. Mean of duplicate 
runs; individual runs  shown in parentheses. 


fi), 70-80-mesh (177-210-fi), and 100-120-mesh (125-149-p) parti- 
cles of nitrofurantoin at pH 7.4. The dissolution of 4C-50-mesh 
particles of nitrofurantoin and the 1 : 5 coprecipitate was also studied 
in the presence of a pH 1.2,O.l MHCl buffer. All dissolution media 
contained 0.005% polysorbate 80' to ensure proper wetting of the 
various nitrofurantoin systems (10). 


Absorption of Nitrofurantoin in Man-The absorption character- 
istics of nitrofurantoin from the test systems were evaluated in 
four healthy, adult male subjects using the urinary excretion method 
(8). The subjects were fasted overnight ( i . ~ . ,  for not less than 8 hr.) 
and, on arising, voided their bladders of overnight urine. They 
then consumed a light standard breakfast consisting of 240 ml. 
(8 oz.) of milk and 30 g. (1 oz.) of breakfast cereal to minimize the 
possibility of drug-induced GI upset. One hour later, urine blanks 
were collected. Subsequently, a single dose of 100 mg. of nitro- 
furantoin in the form of a 1 : 5  coprecipitate, 1 : 5  physical mixture, 
or nitrofurantoin alone was orally administered to the subjects 
as a suspension of 40-50-mesh particles in 150 ml. of distilled water. 
All subjects were allowed free access to fluids following drug ad- 
ministration. 


Each subject received all test systems, using a completely balanced 
crossover design and allowing at least a I-week interval between 
each preparation. Urine samples were collected at hourly intervals 
for the first 8 hr. and then at convenient periods for 24 hr. after 
drug administration. The pH of each urine specimen was measured, 
and an aliquot was stored in 60-nil. (2-02.) amber glass bottles a t  
4" until assayed for drug content. The amount of drug excreted in 
the urine at each time period was determined spectrophotometri- 
cally (see Assay Procedrrres) and appropriately corrected for blank 
urine values. 


Assay Procedures-Nitrofurantoin was assayed spectrophoto- 
metrically using a spectrophotometer* at 383 nm. for the pH 7.4 dis- 
solution studies and at 369 nm. for the pH 1.2 dissolution studies. 


The urine samples were assayed spectrophotometrically at 397 
nm. using the method of Conklin and Hollifield ( l l ) ,  which is 
specific for unchanged nitrofurantoin in urine. Deoxycholic acid 
was shown not to interfere with this assay. All samples containing 
nitrofurantoin were protected from light at all times. 


RESULTS AND DISCUSSION 


Dissolution Rate Studies-Dissolution was found to follow first- 
order kinetics. Semilogarithmic plots of percent drug undissolved 
rersus time had excellent linearity, the correlation coefficient being 
0.98 or greater in  all cases. The dissolution rate constants obtained 
(Table I )  arc the means of duplicate runs on each system. It is ob- 
vious that the dissolution rate of nitrofurantoin at pH 7.4 is es- 
sentially the same as for nitrofurantoin alone, when precipitated, 
and when present as a 1 :5 mixture with deoxycholic acid. However, 


Tween 80. 
Beckmnn DB-G. 


there is almost a sixfold increase in the dissolution rate of nitro- 
furantoin when present in the 1 :5  deoxycholic acid coprecipitate 
system. 


These data permit the exclusion of certain factors as being re- 
sponsible for the enhanced dissolution rate of nitrofurantoin from 
the coprecipitate system. Thus, since the precipitated form of nitro- 
furantoin does not dissolve more rapidly than the pure, nonprecip- 
itated form, the enhanced dissolution of the coprecipitate is not due 
to the formation of a more soluble solvate or polymorph during its 
preparation. Additionally, bulk effects due to the presence of deoxy- 
cholic acid in solution are not responsible for the enhanced rate 
observed, since there is no significant difference between nitrofuran- 
toin alone and when in the 1:5 mixture with deoxycholic acid. 
Therefore, factors such as complex formation, micelle formation, 
and surface tension lowering are not responsible for the enhanced 
nitrofurantoin dissolution frmi the coprecipitate system presented 
in Table I. 


The various drug systems were also studied at pH 1.2 to  simulate 
gastric pH conditions. As seen in Fig. 1, nitrofurantoin in the co- 
precipitate system dissolves a t  a rate faster than the pure drug 
during the first 30 min. Thereafter, the pure drug continues to dis- 
solve at a steady rate, while the nitrofurantoin in the coprecipitate 
system shows a decreased rate with respect to its initial dissolution 
rate. Thus, the Ta0% for nitrofurantoin in the coprecipitate is ap- 
proximately twice that for the pure nitrofurantoin alone. Such be- 
havior may be due to the poor solubility of deoxycholic acid at this 
acid pH. This would slow down the rate of dissolution of the bile 
acid matrix which, in turn, would retard the dissolution of nitro- 
furantoin. The enhanced dissolution of nitrofurantoin seen initially 
may be due to dissolution of the drug from the surface of the co- 
precipitated particles. As nitrofurantoin dissolves from the surface, 
the poor dissolution properties of deoxycholic acid at pH 1.2 leads 
to a decrease in the rate of formation of new surfaces in which the 
drug appears. Since the drug remains embedded inside the copre- 
cipitate particle for a longer period of time before erosion exposes 
it, dissolution of nitrofurantoin is slowed. 


To demonstrate that the dissolution rate of nitrofurantoin is 
affected by particle size, dissolution runs were carried out at pH 
7.4 using three different size fractions. The results (Table I) show 
that as particle size decreases the ratc of dissolution increases. The 
significance of this effect in terms of the in uiuo absorption of the 
various nitrofurantoin systems is discussed in the following sections. 


Absorption Studies-McGilveray et d. (1 2) demonstrated that a 
relationship exists in man between the blood levels of nitrofurantoin 
and its rate of urinary excretion. Hence, it is possible to determine 
the rate and extent of absorption of this drug by measuring the 
rate of appearance of unchanged drug in the brine. Individual data 
for the four subjects are presented in Table 11. 


Nitrofurantoin is a weakly acidic drug (pKa 7.2) so its urinary 
excretion rate in man can be significantly affected by variations in 
urinary pH (13). Since, in the present investigation, the absorption 
characteristics of nitrofurantoin from the three test systems were 
assessed by the urinary excretion rate method, it was important to 
monitor the pH of all urine specimens. In this connection, the mean 
pH ( + S D )  of the urine specimens over the experimental time 


Figure 1-Dissofrrtiori of nitrci~rrut~roitr (0 )  ntid u 1 : s  molar rutio 
copreripirate of tzi/rofiiratiroitr cieoxyclmlic acid (0) in p H  1.2 HCI 
buffer ur 37". 
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period was 5.77 (3Z0.52), 5.80 (*0.49), and 5.72 (~t0.47) following 
the oral administration to the four subjects of nitrofurantoin alone, 
as a 1 :5 physical mixture with deoxycholic acid, and as a 1 : 5  co- 
precipitate with deoxycholic acid, respectively. The similarity of 
these values for all test systems indicates that the slight variation in 
urinary pH would not affect the interpretation of results of the 
in cico absorption studies. This is supported by the fact that the 
elimination rate constant (hr.-l &SO) for the drug, determined 
from the least-squares slope of the terminal portion of a plot of the 
logarithm of the excretion rate versus time, was found to be inde- 
pendent of the system used, i.e., for the drug alone, 1.14 (*0.27); 
as a physical mixture with deoxycholic acid, 1.14 (3Z0.25); and as a 
coprecipitate with deoxycholic acid, 1.15 (*0.26). 


The average amount of unchanged nitrofurantoin excreted by the 
four subjects during the experimental time intervals for each nitro- 
furantoin test system is summarized in Table 111, and plots of the 
cumulative amount of drug excreted uersus time are shown in Fig. 2. 
Figure 2 reveals that all of the plots tend to reach a plateau between 
6and 8 hr. after drug administration, indicating that the excretion of 
nitrofurantoin is essentially over by 8 hr. and that the cumulative 
amount of nitrofurantoin excreted in the urine in 24 hr. is a valid 
estimate of the extent of absorption or availability of the drug from 
the test preparations. 


An examination of the excretion data presented in Ta6le 111 
indicates that nitrofurantoin from the coprecipitate material was 
excreted in the urine, and therefore absorbed, at both a faster rate 


Table 11-Amount of Unchanged Nitrofurantoin Excreted in 
Urine following a Single Dose of 100 mg. Nitrofurantoin 
in the Form of Three Different 40-50-Mesh Dosage Systems 


1 : 5 Mixture 1 : 5 Coprecipitate 
Time Sub- of of 
Inter- ject Nitrofurantoin- Nitrofurantoin- 
Val, Num- Deoxycholic Deoxycholic 
hr. ber Nitrofurantoin Acid Acid 


0 


0-1 


1-2 


2-3 


3-4 


4-5 


5-6 


6-7 


7-8 


0-24 


1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 


0.0 (5.97P 
0.0 (5.60) 
0.0 (5.30) 
0.0 (5.40) 
0.25 (5.20) 
1.03 (6.15) 
0.36 (5.35) 
0.06 (5.40) 
1.19 (5.65) 
2.15 (6.60) 
2.52 (5.70) 
2.29 (5.40j 


0.0 (5.72) 
0.0 (6.40) 
0.0 (5.15) 
0.0 (5.20) 


0.0 (5 .25 )  
0.0 (6.00) 
0.0 (5.35) 
0.0 (5.30) 


0.49(5.65) 1.49(5.30) 
0.72 (6.30) 1.73 (6.00) 
0.58 (5.85) 2.36(5.40) 
0.52 (5.30) 
2.48 (6.50) 
2.10(6.20) 
2.51 (6.20) 
1.58 (5.25) 


2.36 (5.37) 1.53 (5.95) 
4.66 (6.70) 3.27 (6.70) 
5.94 (6.30) 4.16(6.80) 
2.46 (5.20) 2.61 (5.40) 
2.96 i5.8oj 
2.68 (6.40) 
4.67 (6.30) 
2.42 (5.15) 
2.76 (5.60) 
4.51 (6.35) 
2.74 (5.90) 
2.51 (5.25) 
0.88 (5.80) 
2.97 (7.35) 
0.76b( -) 
0.46 (6.00) 


2.30 (5.40) 
3.45 (6.50) 
5.18 (6.85j 
2.42 (5.50) 
2.38 (6.25) 
2.04 (5.80) 
5.25 (6.15) 
2.18 (5.40) 


2.10 (5.39 
6.13 (5.20) 
12.93 (6.70) 
12.92 (5.75) 
4.9~ (5.zsj 
6.51 (5.20) 
8.41 (6.70) 
9.18 (6.10) 
4.88 (5.10) 
1.24(5.25) 
8.02 (6.40) 
6.18 (5.90) 
3.22(5.10) 
0.08 (5.78) 
4.59 (6.00) 
1.28 (6.10) 
3.97(5.10) 


1.31 (5.85) 0.22(6.20) 
1.13(6.20) 2.59(6.10) 
3.63 (5 .50)  0.38 (5.50) 


0.23 (5.90) 0.90 (5.28) 
I .83 (7.35) 0.69 (5.60) 
0.48 (6.15) 2.61 (5.50) 
0.77 (5.80) 0.72 (5.30) . ,  
0.20 (5.70) 
0.13 (6.80) 
0.00 (6.00) 
0.09 (5.30) 
11.29 
19.97 
17.56 
10.39 


0.27 (5.75) 
1.34 (5.70) 
0.63 (6.05) 
0.48 (5.15) 
12.43 
24.20 
25.65 
11.67 


2.71 (5.15) 
0.18 (6.20) 
0.40 (6.10) 
0.18 (6.15) 
0.59 (5.20) 
0.25 (6.28) 
0.23 (5.70) 
0.19 (6.45) 
0.71 (5.30) 
18.86 
38.86 
33.11 
23.14 


~~~~~ ~ ~~ ~~~ 


Urine pH values. Estimated graphically from cumulativc excre- 
No sample was taken. tion curve since no 6-hr. sample was taken. 


26 28 t 
A 


8 


0 2 4 6 8  24 
HOURS 


Figure 2-Mean cumulative amoutit of nitrofirrantoin excreted in the 
urine following oral administration of IOO-mg. doses of tiitrofurantoin. 
Key: 0, nitrofirrantoin as a I : 5  molar ratio coprecipitute with de- 
oxycliolic acid; A, nitrofurantoin as a I : 5  molar ratio mixture with 
deoxycholic acid; arid m, tiitrofurantoin ulorie. 


and to a greater extent than either the drug alone or the 1 :5 physical 
mixture. Approximately 2.5-4.5 times as much nitrofurantoin was 
excreted from the coprecipitate system during the first 3 hr. of the 
study as compared with the other two systems. Overall, the 24-hr. 
excretion of unchanged drug was increased between 50 and 80% 
for the coprecipitate system. Analysis of variance of the treatment 
averages shows that there are significant differences at the 99% level 
of confidence during the first 3 hr. postadministration of the three 
systems. There is also a significant difference for the cumillative 
amount excreted between 0 and 24 hr. No significant differences in 
excretion rate were found during the intermediate time periods. 
Analysis by paired comparison of the test systems verifies that there 
are no statistical differences at any time interval between the 
amounts excreted following administration of pure nitrofurantoin 
and the 1 : 5 physical mixture of nitrofurantoin and deoxycholic 
acid. The similarity between the percent of the dose of drug ex- 
creted in 24 hr. from the nitrofurantoin-deoxycholic acid copre- 
cipitate (approximately 28%) and the value of 33% obtained by 
Reckendorf et 01. (14), following the intravenous administration 0; 
180 mg. of drug to  16 patients, suggests that nitrofurantoin is 
nearly maximally absorbed from the coprecipitate system. 


Table IV lists the time of occurrence of the peak excretion rate 
for the various nitrofurantoin systems administered orally to each 
individual subject, and it illustrates that the drug was absorbed 
more rapidly from the nitrofurantoin coprecipitate than from the 
other two test systems. The average time of peak excretion was 1.6 
hr. when the coprecipitate was administered, while the average 
peak excretion time was 3.6 hr. following the oral administration of 
the drug alone or as a physical mixture with deoxycholic acid. 
Paul et ul. (8) reported values of 4.9-3.6 hr. for the time of occur- 
rence of the peak excretion rate for nitrofurantoin administered to 
human subjects in various particle-size fractions of the pure drug 
(i.e., 50-60 to 200-400 mesh and 10 p). The coprecipitate used in 
the present study gave an earlier peak excretion rate than the micron- 
ized (10 p )  drug studied by Paul et al. Also, none of the subjects in 
the present studies gave any evidence of nausea or GI distress. 


A comparison of the dissolution and absorption rates of nitro- 
furantoin, as the pure compound and as a 1 :5 molar ratio physical 
mixture with deoxycholic acid, shows them to be almost identical. 
This observation eliminates the possibility that deoxycholic acid 
functions in the coprecipitate to increase the bulk solubility of 
nitrofurantoin in the fluids of the GI tract or to  increase its rate of 
dissolution by lowering the interfacial tension between the hydro- 
phobic drug and these biological fluids. In addition, the potential 
influence of deoxycholic acid on such physiological processes as 
gastric emptying, GI motility, and GI membrane permeability can 
be ruled out, since it is reasonable to assume that these changes 
would be the same for both the physical mixture and the copre- 
cipitate. 


The similarity of the in citro dissolution rates of pure and pre- 
cipitated nitrofurantoin at pH 7.4 (Table I) precludes the possibility 
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Table 111-Average Amount of Unchanged Nitrofurantoin Excreted in Urine for Various 40-50-Mesh Nitrofurantoin Systems 


Amount of Nitrofurantoin -___ Excreted, mg.a-- 
1 : 5 Co- Differences among 


Time Nitro- 1 :5 precip- Systems, Average from 
Interval, hr. furantoin Mixture itate ANOVA 


7-- Paired Comparison by Paired t Test 
Mixture Nitrofurantoin Mixture 


versus uersus versus 
Coprecipitate Coprecipitate Nitrofurantoin 


0-1 0.43 0.58 1.92 Significant 


1-2 2.04 2.16 9.22 Significant 


2-3 3.10 2.89 7.24 Significant 


3-4 3.94 3.34 4.67 n.s. 
(0.76) (0.67) (1.51) ( p  > 0.25) 


4-5 3.13 2.96 2.48 n.s. 
(0.47) (0.77) (1.08) ( p  > 0.25) 


5-6 1.23 1.72 1.47 n.s. 
(0.58) (0.64) (0.68) (P > 0.25) 


6-7 0.69 1.23 0.33 n.s. 
(0.40) (0.46) (0.10) ( p  > 0.25) 


7 -8 0.11 0.68 0.35 n.s. 
(0 03) (0.23) (0.12) (0.10 < p < 0.25) 


(0.21) (0.05) (0.19) (0.001 < p < 0.005) 


(0.29) (0.22) (2.51) (0.005 < p < 0.010) 


(0.96) (0.56) (0.96) (0.001 < p < 0.005) 


Significant Significant n.s. 


Significant Significant n.s. 


Significant Significant n.s. 
(0.001 < p < 0.01) 


ns .  n.s. ns .  
( p  > 0.10) (p > 0.10) ( p  > 0.10) 


n.s. n.s. n.s. 
( p  > 0.10) (p  > 0.10) ( p  > 0.10) 


n.s. n.s. n.s. 
( p  > 0.10) (p  > 0.10) ( p  > 0.10) 


ns .  n.s. n s .  
( p  > 0.10) ( p  > 0.10) ( p  > 0.10) 


n.s. n.s. ns .  
( p  > 0.10) 


(0.01 < p < 0.02) (0.001 < p < 0.01) ( p  >> 0.10) 


(0.02 < p < 0.05) (0.02 < p < 0.05) ( p  >> 0.10) 


(0.02 < p < 0.05) ( p  >>0.10) 


( p  > 0.10) (0.05 < p < 0.10) 


I 


Amount reported as mean of foui subjects. Standard errors are in parentheses. 


Total amount 14.80 18.48 28.49 Significant 
excreted, (2.35) (3.73) (4.57) (0.001 < p < 0.005) 
0-24 hr. 


of the formation of a drug-solvate during the preparation of the 
coprecipitate system. However, two plausible explanations do 
exist. First, the two components of the coprecipitate system are 
probably more intimately associated with one another than they 
are in the physical mixture. As a result, only in the case of the co- 
precipitate can the concentration of deoxycholic acid in the dif- 
fusion layer surrounding the dissolving particles increase to such an 
extent so as to influence the solubility and/or wetting of nitrofuran- 
toin in this region and, hence, increase its rate of dissolution and 
absorption. The second, more probable, explanation involves an 
examination of the procedure used to prepare the coprecipitate 
system. Initially both drug and bile acid are in solution. As the 
solvent system is stripped from the solution, a supersaturated 
solution is formed. This is apparent since the total quantity of 
material is still in solution even though the quantity of solvent has 
been reduced about 10-fold from the initial quantity necessary to 
effect solution of the drug and bile acid. Finally, the supersaturated 
solution loses enough solvent so that a very rapid precipitation of 
solute occurs. Such a rapid crystallization is commonly known to 
cause the formation of very fine particles, and herein seems to lie 
the effectiveness of the coprecipitate system. The smaller particles 
of drug evolved during precipitation are retained by the matrix of 
bile acid formed around it. When the coprecipitate is administered 
orally, the bile acid component readily goes into solution in the 
Huid of the small intestine because of its ability to dissociate under 
these pH conditions and/or be solubilized by endogenous conjugated 
bile salts and other physiological surfactants. Both the reduction in 
the particle size of nitrofurantoin and the ability of deoxycholic 
acid to be solubilized readily in the small intestine most likely con- 
tribute to the enhanced dissolution and absorption of the drug. 


The present investigation has shown that the drug-bile acid co- 
precipitate system can be employed to potentiate the absorption 
characteristics of a drug that possesses a dissolution rate-limited 
absorption mechanism, such as nitrofurantoin. This approach may 


Significant Significant n.s. 
(0.01 < p < 0.02) (0.01 < p < 0.02) ( p  > 0.10) 


Table IV-Time (Hours) of Occurrence of Peak Excretion Rate 


Subject Nitro- 1 : 5  
Number furantoin 1 : 5  Mixture Coprecipitate 


1 
2 
3 
4 


4 .0  3.5 1 . 5  
3 .5  3.5 2.0 
2 .5  4.5 1.5 
4.5 3.0 1.5 


Mean 3.6 3.6 1.6 
SD 0.9  0 . 6  0.3 


be applicable to other drugs whose absorption is also dissolution 
rate limited. 
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Chemical Determination of Component Ratio and 
Potency of Gentarnicin Complex 


WILLIAM L. WILSON., GINETTE RICHARD, and DAVID W. HUGHES 


Abstract 0 A rapid chemical method for estimating the total genta- 
micin potency as well as for quantitating the individual components 
in one step by direct densitometry after resolution on TLC is d e  
scribed. Because the amount of each component is read directly 
from the plate after separation of impurities and the values are 
interpolated from standards treated in an identical manner, this 
method is more accurate for estimating total potency than the 
official microbiological assay in which biologically active impuri- 
ties may interfere. 


Keyplmv&a 0 Gentamicin-simultaneus component variation 
analysis and potency determination, TLC-direct densitometry 0 
Microbiological potency, gentamicin-simultaneous determination 
with component variation analysis, TLC-direct densitometry 0 
TLC-direct densitometry-simultaneous component variation 
analysis and potency determination, gentamicin 0 Direct densi- 
tometry and TLC--sirnultaneous component variation analysis and 
potency determination, gentamicin 0 Antibiotics-method for 
simultaneous component variation analysis and potency deter- 
mination 


Gentamicin is a broad spectrum oligosaccharide 
antibiotic produced by Micromonospora purpurea. It 
has been shown by paper chromatography (1) to con- 
sist of three active components, C1, Cz, and C1, (Struc- 
ture I). These have also been separated by column (1) 
and ion-exchange (2) chromatography. The drawbacks 
of the column method are the comparative difficulty 
of column packing and equilibration, the large eluant 
volume, and the high adsorbent to antibiotic ratio re- 
quired for resolution. This method was recently im- 
proved on a preparative scale by Cooper et 02. (3). 


The present USP (4) and BP (5) requirements for 
this antibiotic consist of a microbiological estimation 
of potency. In addition, the USP has set limits on the 
allowable percentage of the individual components 
in the gentamicin complex and prescribes a differential 
paper chromatographic bioassay for their control. 
Wagman et al. (6)  also published a chemical method 


for quantitating the various components by direct 
densitometry after paper chromatography. This method, 
however, involves an 18-hr. development of the paper 
chromatogram. 


This paper reports a rapid chemical method for esti- 
mating the total gentamicin potency as well as for 
quantitating the individual components, all in one 
step by direct densitometry after resolution on TLC. 
This method, which has already been applied success- 
fully to the analysis of the tetracycline (7) and eryth- 
romycin (8) antibiotics, is much faster than the 
official microbiological procedures. 


EXPEXIMENTAL 


Standard Sdutions--Gentamicin sulfate working standard 
(potency 586 mcg./mg.) was assayed in two independent laboratories 
by the differential microbiological assay and was found to con- 
tain, on a weight basis, 164 m ~ g .  CI-base, 217 mcg. Gbase ,  and 
204 mcg. Clrb9se/mg. gentamicin sulfate. It waa dissolved in dis- 
tilled water to  a concentration of 15.00 mg. gentamicin sulfate/ 
rnl., giving a standard solution containing 2.46 mg. Cl-base, 3.26 
mg. &base, and 3.06 mg. C~.-base/ml. 
Asspy SdutiollkAccurately weighed samples of gentamicin 


sulfate were dissolved in water to a concentration of about 30 mg. 
gentamicin sulfatelml. In the case of the injection preparation, a 
volume (1 pl.) equivalent to about 30 mcg. gentamicin sulfate was 
applied directly to the TLC plate.. 


TLC-Recoated analytical silica gel 6 0 1  plates (20 x 20 cm., 
0.25-mm. thickness) were heated for 1 hr. at 135" prior to use. 
The solvent sptem was composed of the lower layer (150 ml.) of 
a mixture of methanol~hloroform-28 ammonium hydroxide 


1.0 3.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 
AMOUNT OF GENTAMICIN COMPONENT APPLIED, mcg. BY WEIGHT 


Flgue 1-Representative calibration curves for the gentamiciti com- 
ponents in the gentamicin sulfate standard. Key: 0, gentamicin C1; 
A, gentamicin G; ando, gentamicin Cl.. 


1 E.M. Reagents, E.M. Laboratories Inc., Elmsford, NY 10523 
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TpMe I - D e m a t i o n  of Components in Bulk Samples by the 
Densitometric Method 


Percent by Weight of Components 
Sample Cl G c 1 E  


Bulk A 25.2 44.5 30.2 
Bulk B 34.8 40.1 25.1 
Bulk C 25.3 44.9 29.8 
Bulk D 27.7 41.6 30.7 
Bulk D a  29.1 40.5 30.5 
Injection E 35.1 44.6 20.3 


Results obtained by differential bioassay method. 


(1 : 1 : 1). This was passed through 100 g. of anhydrous sodium sulfate 
before being placed in a chromatographic chambet lined with 
Whatman 3-nun. filter paper. The chamber was saturated with 
solvent for 1 hr. prior to use. Samples were applied to the plates 
using 1 9 .  micropipetsa. One- and 3 4 .  aliquots of the reference 
solution and a 1-pl. aliquot of the sample to be assayed, with a con- 
centration lying within those of the two reference amounts, were 
applied across the plate 2 cm. from the lower edge as alternate 
spots, giving a total of eight measurements, four for the standard 
and four for the unknown. 
The plate was developed to a height of 15 cm. (80 min.), removed 


from the tank, dried at 135" for 20 min., and allowed to cool. Uni- 
form spraying with 10 ml. of a freshly prepared solution of ninhy- 
drin (1.0 g.) in a mixture of 95% ethanol (50 ml.) and glacial acetic 
acid (10 ml.), followed by heating for 15 min. at 135", revealed the 
gentamicins as magenta spots on a white background. These were 
analyzed the same day by direct dewitomtry. 


Dedtometry-Measurements were performed on a double-beam 
chromatogram analyzer' with the follow@ settings: monochre 
mator, 500 nm.; spectral resolution, 10 nm.; double-beam mode; 
motor drive speed, 2.03 cm. (0.8 in.)/min.; and recorder chart speed, 
2.54 cm. (1.0 in.)/min. Spots were scanned in the direction of sol- 
vent flow and the areas were quantitated by means of the digital 
integrator. 


A plot of peak area (integrator counts) Dersua amount of each 
component (microgram) yielded linear calibration curves for 
amounts between 2 and 12 mcg. of each component per spot 
(Fig. 1). In practice, duplicate spots of two reference concentra- 
tions, within the values of which the unknown concentration will 
be located, are applied to the plate; curves are piepared for each indi- 
vidual plate by plotting the integrals of the observed peaks for the 
four reference spots Dersw the amount (micrograms) of each compo- 
nent present in the reference solution. The values of each component 
in the four unknown samples are found by interpolation from the 


k 
0 I I I I J + I  I I I 


1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
AMOUNT OF EACH COMPONENT APPLIED, mcg. BASE BY WEIGHT 


Figwe 2-Representative graphs for derermination of mount of each 
component in a gentamicin sample. Values of components aw found 
by interpolation from the respective plot. Key: 0, gentmicin Cl: A, 
gentamicin G; undo, gentamicin Cl.. 


1 v o n d  Scientific Co. * VmW. Farrand Opdcal Co.. Mount Vernon, NY 10550 


Figwe 3-TLC separation and dem'tornerer scan of gentamicin 
complex. Stwting at origin on the right, the spots ore gentamicin 
CI., C% and Cl, respectiwly. 


respective curve (Fig. 2). The results from each of the three com- 
ponents are added and expressed as a percentage by weight of the 
total, The individual values of eech component (in micrograms) 
are then converted into micrograms of gentamicin base activity 
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Table II-Densitometric and Microbiological Methods Comparison 
-~ ~- 


-Densitometric Assap- Micro- 
Amount” of Each Component Coeflicient biological 


-By Weight- -By Activity- Cl. Potency Variation of Potency A m y  
Sample CI G 9. CI G 


Bulk A 5.21 9.20 6.25 4.10 9.42 6.12 655 4.4 


~ 


a In micrograms of base. b Average of a minimum of six detaminations for each value reported. c In micrograms of base per milligram of genta- 
micin sulfate. d Dctcm$nations made by Bio-Research Laboratories, Pointe Claire, Quebec, Canada, with required pharmacopeial preciaon of 
& 5 %. A-yed contents of vial. I Amount prcdent based on label clam. 


by multiplying by the Food and Drug Administration (FDA) 
biological response factors (4), totaled, and expressed as the per- 
centage gentamicin base activity in the Nmcg. sample of gentami- 
cin sulfate originally applied to the plate. These response factors 
for C1, G, and C1. are 0.786, 1.023. and 0.977, respectively. Thus 
from each plate, four estimations of the percent by weight of each 
component as well as four determinations of the potency of the 
gentamicin complex are provided. 


RESULTS AND DISCUSSION 


The determination by the direct densitometric method of the 
percentage by weight of the components in four bulk samples and 
one formulation is presented in Table I. For comparison, the 
weight variation of one sample was also estimated by the dif- 
ferential bioassay method (4). Table I1 shows the amounts of each 
component by weight and by activity as well as the total potency 
assayed by densitometty and by the microbiologicd method. By 
using the FDA correction factors for the microbiological response 
of the individual gentamicins klative to the gentamicin complex 
standard (assayed against the same FDA standard), it is possible 
to convert the amount by weight into amount by activity. The 
activity of the individual components when totaled and taken as 
a percentage of the amount of gentamicin sulfate applied to the 
plate gave values for the potency of the complex that agree quite 
well with the microbiological results. 


It was decided to use amount by weight instead of amount by 
activity in the densitometry method and to convert the values to 
micrdgrams of activity a t  the end. In this way the eventual use of a 
new FDA mastet standard (of perhaps a different component 
ratio) would only involve applying new correction factors in the 
last step. Rather than using pure components as the referehce 
standard, a commercial sample of bulk gentamicin sulfate, whose 
composition and potency were accurately known, yas used; the 
pure materials are expensive and not readily available. Any genta- 
micin sample bf known weight and potency relative to the FDA 
master standard may be employed. 


Although several TLC systems have been proposed (1) for the 
resolution of the individual gentamicins, the use of the lower phase 
of methanol-chloroformncentrated ammonium hydroxide (1 : 
1 : 1) gave the best separation. This system was originally used by 
Cooper et al. (3); however, reproducible separations could be ob- 
tained only when the solvent was dried prior to use. Commercial 
precoated silica gel plates, although not offering any improvement 
in resolution, were used for convenience and because they had a 
more uniform surface for quantitation by reflectance densitometry. 
An example of the TLC separation and densitometric quantitation 
is shown ih Fig. 3. 


The use of ninhydrin for detection of the spots after chromatog- 
raphy also required improvement. Kantor and Selzer (9) reported 
that ninhydrin was unsatisfactory for densitometry since the in- 
tensities of the colors varied with time and with fraction. How- 
ever, the inclusiorl of acetic acid ensures an optimum pH of about 


5,  as required for the reaction (lo), and gives bright-red spots on 
a white. background, which were shown by densitometry to be 
stable for up to  6 hr. (repetitive scanning gave a variation of less 
than lx). Other potential problems due to different responses of 
the gentamicin components to the spray and unevenness of spraying 
ar l  easily overcome when standards and unknowns are compared 
under identicalconditions on the same plate. 


This TLC-direct densitometric assay technique offers several 
improvements over the methods presently available for the genta- 
mi& component variation analysis and potency determination. 
In the fist place both tests are combined in one experiment. Second, 
it accomplishes these tests in a much faster time and with the same 
precision as the microbiological assay. It is well known that antibi- 
otics of the deoxjstreptamine group may be mixtures, and FDA 
has set limits on allowable percentages. Maehr and Schaffner (2) 
showed this also to be true for the gentamicin complex. Because 
the amount of each component is read directly from the plate after 
separation of impurities and the values interpolated from standards 
are treated in an identical manner, the densitometric method is more 
accurate for estimating total potency than the o6icial microbio- 
logical assay in which biologically active impurities may interfere. 
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Action of Ultrasonicated Epinephrine: 
Potentiation of Isometric Contraction in Isolated 
Papillary Muscle from Dog Quiescent Heart 


ANWAR A. HAKIM 


Abstract 0 Epinephrine solutions were exposed to ultrasonic 
frequencies or to oxidation by passing oxygen through the solution 
until a pink color was formed. The effects of theseepinephrinesolu- 
tions were investigated on the physiological functions of heart 
papillary muscles and their contractile element, i.e., actomyosin. 
When added to the bathing medium containing papillary muscle 
from beating rat hearts, the modified epinephrine produced a 
gradual increase in the maximum response of the muscle to elec- 
trical stimulation. If the incubating medium contained papillary 
muscle from quiescent dog heart, the muscle did not respond to elec- 
trical stimulation alone or in the presence of epinephrine. However, 
when added to the bathing medium, the sonified or the oxidized 
epinephrine caused initiation and potentiation of isometric con- 
tractions in response to electrical stimulation. The effects of the 
altered epinephrines on papillary muscles from both types of hearts 
were concentration and time dependent. When added with either 
the sonified or the oxidized epinephrine, a “serum protein” iso- 
lated from human serum intensified and stabilized the effects of 
both forms of epinephrine on the papillary muscle from rat or dog 
quiescent heart. When added to a standard actomyosin solution in 
imidazole-potassium chlorideethyleneglycol tetraacetate salt bufTer 
at pH 7.0, adenosine triphosphate caused precipitation of the con- 
tractile protein, which was assessed by the increase in absorbance 
and was measured spectrophotometrically a t  660 nm. When the 
incubation mixture contained increments of the sonified or the 
oxidized epinephrine, the precipitating effect of adenosine tri- 
phosphate was not changed. But, if added with either modified 
epinephrine, the serum protein caused two- or fivefold increases in 
the precipitation of the contractile elements from solutions in- 
cubated in the presence of the oxidized or s o d e d  epinephrine, 
respectively. 


Keyphrases 0 Epinephrine, ultrasonicated or oxidized-potentia- 
tion of isometric contraction in isolated heart papillary muscle 0 
Isometric contraction in isolated heart papillary muscle-potentia- 
tion by ultrasonicated or oxidized epinephrine 0 Heart papillary 
muscle-potentiation of isometric contraction by ultrasonicated 
or oxidized epinephrine IJ Ultrasonicated epinephrine-potentia- 
tion of isometric contraction in isolated heart papillary muscle 


Epinephrine inotropy in cardiac muscle is charader- 
ized by two distinct alterations in the contractile pro- 
cess. In isolated tissue preparations (1) as well as in situ 


(2, 3), administration of epinephrine brings about an 
increase in systolic force or shortening, with an appreci- 
able reduction in the duration of contraction (4). 


In recent years, most studies on cardiac muscle have 
been performed on papillary muscle from beating cat 
or rat heart. When bathed or perfused with physio- 
logical buffer solution, isolated myocardial preparations 
spontaneously undergo contractile failure. Clark et al. 
( 5 )  suggested that the addition of serum to the buffer 
solution stabilized these failing preparations. Addition 
of various plasma fractions or dialysates also delayed 
the onset of cardiac decay. This led Gabel el al. (6) 
to hypothesize that fatigue in isolated muscle prepara- 
tions might also be influenced by the presence or ab- 
sence of blood fractions. Other investigators (7, 8) 
showed that cardiac muscle maintained in plain buffer 
solutions lost the poststimulation potential, but it was 
restored by serum; they confirmed the presence of 
cardioactive principles in blood plasma. 


The aim of the present studies is to demonstrate the 
initiation and potentiation of isometric contractions 
in electrically stimulated dog heart papillary muscle 
with epinephrine modified by exposure to gaseous 
cavitation produced by ultrasonic frequencies or by 
limited oxidation of the amine. 


EXPERIMENTAL 


Materials-Epinephrine solutions were transformed to a light- 
pink pigment, metaphrine, by two methods: 


1. Solutions (10-8 M) of epinephrine in physiological saline were 
exposed to ultrasonic frequencies. A sonic oscillator1 was employed 
at 20 w. at the machine maximum output of 10 kc., 0.78 amp. and 60 
cycles. The solutions were sonified for I 2 0  min. at 0-4’ until the 
formation of metaphrines, which was assessed by the appearance of 
a light-pink color (9). 


* Raytheon, model DF 101. 
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Flgure 1-Effect of serum protein on the potentiation of isometric 
contractions with ultrasonicated epinephrine: papillary muscles from 
quiescent dog heart incubated in the presence of lW4 M epinephrine 
( A )  and M ultrasonicated epinephrine ( B ) ;  tension developed by 
the papillary muscle incubating with 100 mcg. protein serum alone 
(C) and in the presence of lW8 M ultrasonicated epinephrine (D) ;  
and tension generated in the muscle incubating with IW M oxy- 
genated epinephrine alone ( E )  and in the presence of 100 mcg. of the 
serum protein (F).  The concentration of the ultrasonicated or oxidized 
epinephrine is taken as the concentration of epinephrine prior to 
treatment. 


2. A thin stream of oxygen was passed through solutions (W6 M) 
of epinephrine in physiological saline to the appearance of a light- 
pink color, i.e., 30 min. a t  0-4'. 
Dog hearts' were removed immediately after the animals ex- 


pired and placed in cold preoxygenated bicarbonate-dexuose solu- 
tion. Series of papillary muscles were removed, and the remaining 
tissue was frozen and saved for extraction of the contraction ele- 
ments. 


The papillary muscles were excised from the right ventricle and 
suspended from a force transducer' into a SO-ml. chamber contain- 
ing 154.0 mM NaCI, 5.4 mM KCI, 7.4 mM NaHCO,, 5.6 mM 
dextrose, and 5.6 mM CaCll [i.e., modified Krebs-Henseleit solu- 
tion as described by Lefer (lo)]. The papillary muscles were pre- 
pared with a preload of 1 g. and stimulated continuously at a fre- 
quency of l/sec. for a duration of 3 msec. at 32 v. above threshold 
voltage. Under these experimental conditions, electrical stimulation 
alone did not generate isometric contractions in the papillary muscle 
from dog quiescent hearts. To the incubating medium containing 
the papillary muscle, aliquots of 0.05-0.20 rnl. of 10-' M ultrasonica- 
tion modified epinephrine solution was added, and electrical stimu- 
lation was continued until maximum isometric contractions were 
generated at a steady state. The bathing medium was then drained, 
and the muscles were rinsed several times (5-10 times) with fresh 
buffer. Electrical stimulation was reinstated and continued to max- 
imum steady state. Aliquots of the ultrasonication modified or the 
oxidized epinephrine, each alone or with the "serum protein," 
were then added into the incubating medium, and the isometric 
contractions were continuously recorded. 


The human Serum protein was prepared from freshly drawn blood 
as described by Hakim (11, 12). 


Preparation of Human Heart Actomyosin-The hearts were ob- 
tained' from gunshot victims. The muscle was cleaned from adher- 


'Obtained throqh Dr. L. Malasanos and Dr. S. Marotta of the 
D artment of Physiology. 


4 Cook County Morgue. 
YTF .03. 


ing fat, minced, and then homogenired for 1 min. with three parts 
of Web-Edsall solution (0.6 M KCI, 0.04 M NaCI, 0.04 M Na- 
HCO1, and 0.01 M NarCOd. The homogenate was stirred con- 
tinuously for 20 hr. a t  4", and the insoluble material was removed 
by centrifugation at IOWX g for 60 min. ThepH of the supernate was 
adjusted to 7.0. and the actomyosin was precipitated with nine 
volumes of cold distilled water as described by Fanburg et al. (13). 


Superprecipitation and clearing of actomyosin was followed by 
measuring the absorbance of an actomyosin suspension at  660 nm. 
in aspectrophotometer' after theaddition of adenosine triphosphate. 
When added to an incubating mixture containing 0.1 M KCI, 0.5 
mM imidazok. 0.1 m M  ethylene glycol tetraacetate salt buffer a t  
pH 7.0 and 0.50 mg. actomyosin (determined as protein), 0.2 m M  
adenosine triphosphate caused precipitation of the contractile 
protein, which was assessed by the increase in absorbance. When 
the incubating mixture contained aliquots of normal human serum 
or the isolated human s u m  protein, adenosine triphosphate caused 
an increase in the absorbance of the solution. The incubation mix- 
tures were run in triplicate. The average deviation between the 
triplicate reactions was approximately 5.2x. 


Determbtion of Adenosine Triphosphate, Phosphocreatine, and 
Lactic Add-Immediately after the last contraction at the indicated 
time, the muscle was removed and quickly frozen in a dry i c e  
acetone mixture. An extract was then made in 0.25 M perchloric 
acid at 0". All muscles were analyzed for adenosine triphosphate 
(14), phosphocreatine (IS), andlactic acid(16). 


RESULTS 


Chemical Characterization of Modified Solutions of Epinephrine- 
When 1.0 ml. of either the ultrasonicated or the oxidized epi- 
nephrine was diluted with 4 ml. of pH 4.0 phthalate buffer and 1.0 
ml. of 0.1 N iodine, followed by mixing for 5 min. and the addition 
of 2.0 ml. of 0.1 N sodium thiosulfate, a deepred color was pro- 
duced. 


When 1.0 ml. of either modified epinephrine solution was diluted 
with 5 ml. of glacial acetic acid, followed by addition of 0.1 ml. of 
crystal violet test solution (0.5z solution) and titration with 0.1 N 
perchloric acid, 25.00 mg. of epinephrine, ultrasonicated epi- 
nephrine, or oxidized epinephrine consumed 1.36, 1.00, or 0.30 ml. 
of the acid, respectively. 


When stored in the refrigerator for 3 months, epinephrine or its 
ultrasonicated form (lo-' M solutions in normal saline in 0.1 N 
HCI) remained clear with their initial specific optical rotation of 
-51 to - 53". Solutions of the oxidized form became brown in color 
with insoluble dark-brown sedimented particles. 
These observations suggest that the ultrasonicated epinephrine is 


a metaphrine, while the oxidized epinephrine is mostly adreno- 
chrome. 


Pbyrdological Effects on Rat Heart Papillary Muscle-When 
added to the bathing medium of rat heart papillary muscle obtained 
from beating heart, epinephrine at 10-4 M concentration produced 
a 15 & 5.5% increase in the developed active tension and increased 
the rate of isometric contractions. Higher concentrations of epi- 
nephrine did not increase further the contractile tension but increased 
the rate of contraction to a magnitude that caused progressive 
decrease in the developed active tension where the muscle became 
refractive to electrical stimulation. The magnitude of the increase 
in the rate was concentration dependent. 


If added to the bathing medium of papillary muscles obtained 
from beating hearts, ultrasonicated epinephrine solution at 1W6 M 
intensified the active tension without influencing the rate of the 
isometric contractions. The magnitude of the increase in tension 
was concentration and time dependent. Under the same experi- 
mental conditions, oxidized epinephrine at  1 0 - 6  M intensified the 
active tension without influencing the rate of the isometric con- 
tractions. The magnitude of the effect was also concentration and 
time dependent, equivalent to one-tenth the effect obtained with 
the ultrasonicated epinephrine. 


Physiological Meets on Papillary Muscles from Dog Qd-t 
Hearts-Papillary muscles from quiescent dog hearts did not 
respond to electrical stimulation. Epinephrine or norepinephrine 
caused the muscle to respond to electrical stimulation after a latent 
period of 120-150 min. The magnitude of the response was time 


6 Beckman model DU 2 .  
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and concentration dependent. As shown by curves A in Figs. 1-3. 
an optimal concentration between 2 and 4 X WE M produced a 
maximum tension of 575 f 25 mg./mm.*. 


The data depicted by curves B of Figs. 1-3 suggest that, within 
15 min., ultrasonicated epinephrine initiated and potentiated active 
tension in electrically stimulated dog heart papillary muscle. The 
magnitude of the developed active tension was concentration and 
time dependent. Electrical stimulation of papillary muscles in- 
cubating in the presence of lW7 M ultrasonicated epinephrine for 
longer periods than 110 min. caused a progressive decrease in the 
developed active tension. These observations suggested that longer 
periods of electrical stimulation lead to the fatigue and decay of the 
papillary muscle. 


Curves C of Figs. 1 and 2 indicate that 0.10 mg. of the serum 
protein prevented or delayed the fatigue or decay of the electrically 
stimulated papillary muscles. 


Curve E of Fig. 1 suggests that, within 28-30 min., oxidized 
epinephrine initiated and potentiated the development of active 
tension in electrically stimulated dog heart papillary muscle. The 
magnitude of the effect was time and concentration dependent 
but equivalent to approximately one-third of the effect obtained 
with the ultrasonicated epinephrine. Curves F of Figs. 1 and 2 
indicate that 0.10 mg. of the serum protein prevented or delayed 
the fatigue or decay of the electrically stimulated papillary muscle. 


The results of experiments summarized in Fig. 1 demonstrate a 
lag period for the potentiation of isometric contractions in papillary 
muscle from quiescent dog heart with epinephrine, epinephrine 
derivatives, or the serum protein. Ultrasonicated epinephrine 
potentiated isometric contractions within 15 min. When combined 
with the ultrasonicated epinephrine, the serum protein enhanced 
and intensified the potentiation of the developed tension. 


The data in Fig. 2 suggest that the maximum active tension po- 
tentiated with the ultrasonicated epinephrine decreased after 110 
min. of continuous electrical stimulation. The presence of the serum 
protein prevented the effect of longer periods of electrical stimula- 
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Figure 2-Effect of serum protein on the decay of active contrac- 
tion in papillary muscle from quiescent dog heart: the papillary 
muscles incubated with 1 0 - 6  M epinephrine ( A )  and with M 
iiltrasonicuted epinephritie (B); developed tension with 100 mcg. of 
the serum protein alone ( D )  and in the presence of 10-8 M ultrason- 
icated epinephrine (C); and generated tension by muscles incubating 
with 10-8 M oxygenated epinephrine alone ( E )  and in the presence of 
100 mcg. of the serum protein (0. The concentration of the modified 
forms of epinephrine is taken as the concentratioti of epinephrine 
prior to treatment. 
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Figure 3-EYect of concentration of the ultrasonicated epinephrine on 
the potentiation of active tension: papillary muscles from quiescent 
dog heart incubated with increasing concentration of epinephrine ( A )  
or of ultrasonicated epinephrine ( B ) ;  and tension developed by 
papillary muscles incubating with increasing concentrations of the 
serum protein (C) or with 100 mcg. of the serum protein and increas- 
ing concentrations of uitrasonicated epinephrine (D). 


tion on the active tension of the dog heart papillary muscle. There- 
fore, the experiments suggest that the serum protein delays the 
fatigue and decay of the muscle and stabilizes its contractility and 
its response to electrical stimulation. 


The data in Fig. 3 suggest that the maximum tension developed 
by the papillary muscle in response to electrical stimulation 
depended on the concentration of epinephrine or its ultrasonicated 
or oxidized forms. An optimum concentration for epinephrine was 
found to be between 1 and 4 X 10-6 M. For the ultrasonicated 
or oxidized derivatives of epinephrine, as well as for the serum 
protein, the developed active tension was concentration dependent. 
There appears to be a certain relationship between concentration 
and effect in the action of the ultrasonicated epinephrine and the 
response to electrical stimulation. The combined effect of the serum 
protein and increasing concentrations of the ultrasonicated epi- 
nephrine was also dependent on the concentration of the derivative. 
Since the optical rotation of the ultrasonicated form was similar to 
that of epinephrine, the concentration of the ultrasonicated form 
was considered to be equivalent to the concentration of epinephrine 
prior to ultrasonication. 


If added to the incubating medium containing papillary muscles 
from dog quiescent heart, the ultrasonicated epinephrine initiated 
isometric contraction in response to electrical stimulation. Tracings 
A, C, and E of Fig. 4 represent the typical response of papillary 
muscles from dog quiescent heart to electrical stimulation in the 
presence of ultrasonicated epinephrine. Tracings B and D show the 
& a t  of the epinephrine derivative on the developed active tension 
of the papillary muscle. In these two cases, the muscles were po- 
tentiated first with the ultrasonicated form to a maximum active 
tension; then the muscles were washed thoroughly with 5 1. of the 
oxygenated bicarbonate-dextrose solution and placed in fresh 
medium. The tracings suggest that the ultrasonicated epinephrine 
initiated and potentiated the development of active tension in the 
papillary muscle from dog quiescent heart. The magnitude of the 
potentiation and increase in the active tension induced by the 
ultrasonicated form is time dependent. 


The tracings shown in Fig. 5 represent isometric contractions of 
papillary muscles from dog quiescent heart that was first potentiated 
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Figure &Potentiation of active contraction of papillary muscle from 
quiescent dog heart. The arrow indicates addition of 0.05 ml. IF' M 
ultrasonicated epinephrine solution to electrically stimulated, non- 
responding (patterns A, C, and E )  and responding ( B  and D) papillary 
muscles of dog heart. The vertical scale is the tension of 36 mg./unit, 
and time (in minutes) is the horizontal scale. The top scale of tracing 
E indicates the tension potentiated with 0.10 ml. of ultrasonicated 
epinephrine solution in centigrams. 


to respond to electrical stimulation and then rinsed as described 
under Experimental. When the reinstated maximum active tension 
reached a steady state, aliquots of 50,70, and 100 m g .  of the serum 
protein were added to the incubating medium. The tracings demon- 
strate the generation of a new maximum of active tension and 
suggest that the rate to attain this new maximum steady state 
depended on theconcentration of the serum protein. 


The tracings shown in Fig. 6 represent the isometric contractions 
of the papillary muscles from dog quiescent heart that was first 
activated to respond to electrical stirnulation and then rinsed. When 
the reinstated maximum active tension reached a steady state, 
aliquots of 0.20 and 0.40 ml. of 10-8 M ultrasonicated epinephrine 
were added to the incubating medium. These tracings demonstrate 
that the rate of muscular decay or fatigue is faster at the higher con- 
centration levels of the ultrasonicated epinephrine. If combined 
with the ultrasonified epinephrine, the serum protein delayed and 
reduced the magnitude of the decay caused by electrical stimulation 
(tracing C). The tracings indicate that the serum protein changed 
the mechanics of the contraction and produced an increase in the 
rate to peak tension and in the contraction-relaxation time. These 
observations suggest the role of the serum protein in the coupling 
excitation-contraction cycle of the contractile elements of the 
cardiac muscle. 


The data in Fig. 7 summarize the ultrasonicated epinephrine con- 
centration response alone and in the presence of three concentra- 
tions of the serum protein. Again, the concentration of the ultra- 
sonicated form was taken as equivalent to the initial concentration 
of epinephrine prior to ultrasonication. The results suggest a linear 
relationship for the ultrasonified epinephrine between 10-0 and 


, , . . . " . '  


Figure 5-Effect of concentration of the serum protein on the de- 
veloped active tension. Papillary muscle from quiescent dog heart was 
first potentiated to respond to electrical stimulation with the ultra- 
sonicated modified epinephrine and then rinsed as described in the 
text. At the reinstated maximum active tension at the steady state, 
~ U J U O I S  of 50, 70, and 100 mcg. (tracings A, B, and C, respectively) 
of the serum proteiti were added to the incubating medium. The vertical 
scale is the tension of 36 mg.lunit, and time (in minutes) is the 
horizontal scale. 
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Figure 6-Potentiation of active contraction with 0.20 and 0.40 ml. 
of IO-' M ultrasonicated epinephrine alone (tracings A and B, re- 
spectively) and 0.40 ml. of 1 0 - 6  M ultrasonicated epinephrine with 
100 mcg. of the serum protein together(tracing C). 


5 X 10-7 Mconcentration and the generated active tension in the rat 
heart papillary muscle. These experiments indicate that the serum 
protein enhanced the effect of the ultrasonicated epinephrine in 
the papillary muscle model. The magnitude of the enhancing effect 
is dependent on the employed serum protein concentration. 


Effeci of Epinephrine, Ultramirated Epinephrine, Oxidized 
Epinephrine, and Serum M e i n  on Superprecipitation of Human 
Heart Actomyosin-When added to a standard incubating mixture 
containing 0.50 mg. of actomyosin from human heart, adenosine 
triphosphate caused precipitation of the contractile protein, de- 
scribed as the superprecipitation of the contractile protein, and was 
assessed by the increase in absorbance of the solution (curve A, 
Fig. 8). 


The human heart actomyosin preparation responded well to 
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Figure I-Ultrasonicated epinephrine concentration-response curves 
done ( A )  and in the presence of 100, 200, and 300 mcg. of serum 
protein ( B ,  C, and D,  respectively) in rat heart papillary muscles. 
Each point is the average of four muscles with an average deaiation of 
f5.3. Isometric tension force of the rat heart papillary muscle before 
the ultrasonicated epinephrine = control, 3.8 f. 0.8 g.lmm.2. 
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Figure &Effect of ultrasonicated and oxidized epinephrine on acto- 
myosin superprecipitation. The incubation mixture contained: 5.0 
mM MgCh, 5.0 mM adenosine triphosphate, 20 mM trometh- 
amine buffer of pH 7.5,O.OS mM KCI, and 0.50 mg. actomyosin/ml. 
(A); all of A with 0.1 mM ethylene glycol tetraacetic acid (B); all of 
A with ultrasonicated epinephrine, M (C), IO-' M (D);  all of A 
with epinephrine, IO-8 M ( E ) ;  or all of A with oxidized epinephrine, 
l W a  M (0. 


ethylene glycol tetraacetic acid, a chelating agent (Fig. 8). Re- 
moval of calcium from the medium with ethylene glycol tetraacetic 
acid resulted in the reversal of superprecipitation and clearing of the 
actomyosin suspension, which was followed by the decrease in 
absorbance (curve B). Addition of small amounts of the ultra- 
sonicated epinephrine, 10-@ or 10-* M, caused reversal of the clear- 
ing effect of the ethylene glycol tetraacetic acid. When added to the 
ethylene glycol tetraacetic acid, epinephrine at  lb* M inhibited both 
the precipitation effect of adenosine triphosphate and the clearing 
effect of the chelating agent. 


The data depicted by curves C and D suggest a concentration- 
dependent response for the ultrasonicated epinephrine. The action 
differed from that of epinephrine in its intensifying and enhancing 
effects on the superprecipitation of the actomyosin. 


Figure 9 shows the effect of the ultrasonicated epinephrine alone 
(curve B), with the serum protein (curve C), and with the heat- 
denatured serum protein (curve D). In contrast to the effect of the 
Serum protein, the heat-denatured serum protein did not influence 
the effect of the ultrasonicated epinephrine. 


Wlecl of Ultrasodated and OxidizedEpinephrhe onConcentrali0n 
of Adenosine Mphosphate, Pbosphocreathe, and Lactic Add of Dog 
Heart Papillary Muscle-Extracts of nonresponding and respond- 
ing papillary muscles were prepared at  time intervals during the 
potentiation period and analyzed for adenosine triphosphate, phos- 
phocreatine. and lactic acid. The data (Table I) revealed no change 
in the concentration of adenosine triphosphate, phosphocreatine, or 
lactic acid in muscle which did not respond to electrical stimulation. 
When the ultrasonicated or oxidized epinephrine was added to the 
incubation medium, the initiation and potentiation of isometric 
contractions in response to electrical stimulation were accompanied 
by a progressive increase in adenosine triphosphate, phosphocrea- 
tine, and lactic acid (micromoles per gram of fresh weight) of the 
muscle. These experiments suggest that the amount of chemical 
energy released from the high energy phosphate compounds was 
utilized during the generation of active tension. The data also in- 
dicate that the ultrasonicated epinephrine stimulated the conversion 
of chemical energy in the endogenous adenosine triphosphate and 
phosphocreatine to the contractile, i.e., mechanical, energy. When 
combined with the ultrasonicated epinephrine, the Serum protein 
maintained the adenosine triphosphate and phosphocreatine at  
levels of 280 f 10.5 and 350 f 15 pmoles/gram weight, respec- 
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Fig= !B-Effmt of ultrasonicated epinephrine and of the serum 
protein on actomyosin supetprecipitution. The incubation mixture 
contained: 5.0 mM MgCI1,5.0 mM adenosine triphosphate, 20.0 mM 
tmmethamine buffer of p H  7.5, 0.05 mM KCI, and 0.5 mg. of acto- 
myosin/mI. (A); all of A with 1 0 - 0  M ultrasonicated epinephrine with 
100 mcg. of the serum protein (B);  all of A with l W a  M ultrasonicated 
epinephrine, 0.1 mM ethylene glycol tetraacetic acid with 100 mcg. 
of the serum protein (C); all of A with I00 mcg. of the 80" denatured 
serum protein, lPa M ultrasonicated epinephrine with ethylene glycol 
tetraacetic acid (D) .  


tively'. These experiments suggest that the major functions of the 
serum protein are in the adenosine triphosphate regeneration systems 
and in maintaining the high energy phosphate compounds at a con- 
centration capable of supporting development of active tension in 
muscular contraction. 


DISCUSSION 


The effect of epinephrine on the cardiac muscle is well known (1-4). 
Epinephrine slightly increased the active tension, i.e., developed 
tension of the muscle, and the rate of cardiac muscle, i.e., the number 
of heart beats. The lag period required for the potentiation and 
initiation of active contraction in the presence of epinephrine or 
norepinephrine supports the suggestion that the effect of these 
amines on the developed tension of the papillary muscle is the re- 
sult of the action of a modified form of the amine. Possible modi- 
fication is the oxidation of epinephrine by the stream of oxygen gas 
employed to supply oxygen to the muscle and to stir the incubation 
medium surrounding the papillary muscle. 


The superprecipitation of natural actomyosin was accelerated by 
a minute amount of calcium-removing substance, such as chelating 
agents, or the relaxing factor (17, 18). In view of the importance of 
this phenomenon in the physiological events of muscle contraction 
(19), the effect of epinephrine and of its sonified and oxidized 
forms, alone and in presence of the serum protein, was studied on 
human cardiac actomyosin. Paddle and Hauggard (20) found that 
epinephrine failed to initiate contraction in the arrested heart; 
their measurements of lactate production, glucose &phosphate 
content, and phosphorylase "a" activity showed that epinephrine 
also had no effect on glycolysis. Norepinephrine also had no effect 
on the papillary muscles from dog or human quiescent heartsa. 
The tracings of the initiation and potentiation of isometric con- 
tractions, with the enhancing effects on the precipitation of the 
purified actomyosin, suggest that ultrasonicated epinephrine, alone 
or in presence of the serum protein, stimulates the in duo contractile 
elements to initiate the development of isometric contractions. 


Current concepts of excitation-contraction coupling suggest that 
procedures that increase the sarcotubular calcium pool augment 
myocardial contractility by increasing the amount of calcium re- 
leased at the actomyosin junction following membrane depolariza- 
tion resulting from electrical stimulation (21, 22) and, conversely. 
~~~~ 


* Unpublished data. 
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Table I-Concentration of Adenosine Triphosphate, Phosphocreatine, and Lactic Acid in 
Papillary Muscle from Quiescent Dog Heart 


Muscle 
Adenosine Triphosphate, Phosphocreatine, 


Minutes rncg./Gram Weight mcg./Gram Weight 


Lactic Acid, 
mcg./Gram 


Weight 


Nonresponding 0 4.87 (5)o 14.67 (4) 1.63(5) 
2.50 to 7.24 10.55 to 18.41 0.95 to 2.31 


15 


30 


4.95 (6) 
4.05 to 5.85 


5.15 (5) 
4.25 to 6.05 


14.50 (4) 1.62 (4) 
12.25 to 16.75 


12.15 to 16.35 


1.05 to 2.15 


0.95 to 2.55 
14.25 (5) 1.75 (5) 


45 4.92 (4) 14.60 (5) 1.68(5) 
4.25 to 5.55 13.10 to 16.20 1.15 to 2.21 


60 


120 


4.85 (5) 14.75 (4) 1.65(4) 


5.05 (5) 15.15 (5) 1.76 (4) 
4.05 to 5.65 12.25 to 17.25 1.15 to 2.15 


4.60 to 5.50 12.75 to 17.55 1.15 to 2.37 
Responding 


(ultrasonicated epinephrine) 


Responding 
(oxygenated epinephrine) 


0 5.65 (6) 15.75 (5) 7.68 (5 )  
4.25 to 7.05 14.25 to 17.25 4.60 to 10.76 


15 77.25 (5) 82.15 (4) 16.75 (5) 
70.25 to 84.15 68.50 to 95.80 11.50 to  22.00 


92.15 to 119.65 102.50 to 169.65 20.75 to  23.50 


150.5 to 204.3 165.4 to 255.6 65.25 to 115.25 


215.2 to 247.40 215.25 to 323.75 110.25 to 270.25 


30 110.75 (5) 136.20 (4) 24.50(6) 


45 177.10 (4) 205.25 (5) 90.25 (5) 


60 ’ 231.25 (5) 264.50 (4) 190.75 (5) 


0 5.60 (4) 
4.15 to 7.05 


15 55.35 (4) 


30 85.75 (4) 
40.75 to 69.95 


73.15 to 98.35 
45 126.35 (4) 


124.50 to 128.20 
60 185.35 (4) 


184.25 to 186.45 


15.15 (4) 
13.80 to 16.50 


64.35 (4) 
53.25 to 75.45 
105.45 (4) 


98.75 to 112.15 
167.25 (4) 


165.45 to 169.05 
205.45 (4) 


202.75 to 208.15 


5.60 (5) 
4.12 to 7.08 
13.20 (4) 


12.15 to 14.25 
19.75 (4) 


18.25 to 21.25 
57.65 (4) 


56.25 to  59.05 
108.25 (4) 


106.95 to  109.55 


a Number of experiments is indicated in parentheses. 


methods that decrease the calcium pool diminish contractility 


When a muscle is stimulated electrically, chemical reactions occur 
that result in activation of the contractile elements and constitute 
the active state of the muscle. Alone, electrical stimulation of 
papillary muscle from dog or human heart did not potentiate or 
initiate isometric contractions and did not cause changes in the 
concentration of adenosine triphosphate, phosphocreatine, or lactic 
acid. Therefore, in these muscles, electrical stimulation did not 
activate the contractile elements. In the presence of ultrasonicated 
or oxidized epinephrine in the incubating medium, electrical 
stimulation of the papillary muscle from quiescent hearts did po- 
tentiate isometric contractions, with a progressive increase in the 
concentration of adenosine triphosphate, phosphocreatine, and 
lactic acid. The magnitude of the developed active tension of the 
isometric contractions and the magnitude of the increase in adeno- 
sine triphosphate, phosphocreatine, and lactic acid concentrations 
were time dependent. These observations suggest that the presence of 
the modified forms of epinephrine caused the activation of certain 
metabolic processes, which involve the high energy phosphate com- 
pounds adenosine triphosphate and phosphocreatine, with the con- 
version of chemical energy to the contractile element actomyosin. 
When combined with ultrasonicated or oxidized epinephrine, the 
serum protein stabilized the initiation and potentiation of the de- 
veloped tension. These observations are in agreement with the 
mechanism of action of the serum protein reported earlier (11, 12) 
and with the effect of serum on the fatigue and decay of normal 
muscles (5-8). 


Preliminary chemical studies suggest similarities in the structure 
of the ultrasonicated and oxidized forms of epinephrine prepared 
as described in the Experimental section. The physiological effects 
on the papillary muscles from dog quiescent hearts also indicate 
similarities between these two modified forms of epinephrine. 
Difference in the stability of solutions containing the modified 


(23). 
forms of epinephrine indicate certain differences in the identity of 
oxidized and ultrasonicated epinephrine. 
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Adsorption of Nonionic Surfactants on 
Sulfathiazole and Naphthalene and Flocculation-Deflocculation 
Behavior of These Suspensions 


A. OTSUKA', H. SUNADA, and Y. YONEZAWA 


Abstract 0 The adsorption of polyoxyethylated nonyl-phenols 
and octyl-phenols, having different polyoxyethylene chain lengths, 
on sulfathiazole and naphthalene was studied. Adsorption iso- 
therms for these surfactants on sulfathiazole are Sshaped, and the 
adsorption amounts at saturation were greater than those for the 
closest packing at the air-solution interface. These results suggest 
that some multilayer adsorption or aggregate formation on the 
surface of solid occurred above a certain concentration. In the case 
of naphthalene, all isotherms are of the Langmuir type and the 
areas per molecule calculated from the saturation adsorption were 
found to be considerably larger than the values for the air-solution 
interface. It is likely that the hydrocarbon chains adhere to the sur- 
face of naphthalene, lying flat, while the polyoxyethylene chains 
are directed toward the solution. Flocculation-deflocculation 
measurements for both systems were carried out by the sedimenta- 
tion volume method, and the results support the adsorption mech- 
anisms described. 


Keyphrases 0 Polyoxyethylated octyl- and nonyl-phenols-ad- 
sorption on sulfathiazole and naphthalene, flocculation-defloccula- 
tion behavior of suspensions 0 Surfactants, nonionic-adsorption 
on sulfathiazole and naphthalene, flocculation-deflocculation be- 
havior of suspensions 0 Adsorption of polyoxyethylated octyl- and 
nonyl-phenols on sulfathiazole and naphthalene-adsorption iso- 
therms, flocculation-deflocculation behavior 0 Sulfathiazole- 
adsorption behavior of polyoxyethylated octyl- and nonyl-phenols 0 
Naphthalene-adsorption behavior of polyoxyethylated octyl- and 
nonyl-phenols 0 Flocculation-deflocculation behavior-suspen- 
sions of polyoxyethylated octyl- or nonyl-phenols and sulfathiazole 
or naphthalene 


Many surfactants are capable of affecting the state of 
dispersion of powder particles in suspension. To ex- 
amine the mechanism of action of surfactants in floccu- 
lation-deflocculation phenomena, it is desirable to in- 
vestigate the adsorption of surfactants on powders. 
Several workers have studied the adsorption behavior 
and/or the dispersing action of nonionic surfactants. 
The adsorption of polyoxyethylated alkyl-phenols on 
sand and of ethylene oxide-propylene oxide conden- 
sates on quartz has been reported (1, 2). Kuno and 


Abe (3) reported the adsorption of polyoxyethylated 
nonyl-phenols on calcium carbonate and carbon black 
from both aqueous and cyclohexane solutions. The 
adsorption of nonionic surfactants by textile fibers was 
studied by Weatherburn and Bayley (4), Nemoto and 
Miwa (9, and Schott (6). 


Corkill et al. (7) studied the adsorption of polyoxy- 
ethylene glycol monoalkyl ethers on graphon at differ- 
ent temperatures and obtained the adsorption isotherms. 
They also measured the heats of adsorption calori- 
metrically. Other investigators (8, 9) commented on the 
influence of the adsorption of polyoxyethylene glycol 
monoalkyl ethers on the stability of silver iodide and 
polystyrene latex sols. In most of these studies, the 
adsorbents examined were inorganic compounds or 
polymers. Only a few workers have performed this kind 
of study using pharmaceutical or organic powders. The 
adsorption of polyoxyethylated nonyl-phenol on sul- 
famines (10) and of several nonionic surfactants on 
griseofulvin (1 1) has been reported. 


The purpose of this work was to investigate the ad- 
sorption of nonionic surfactants on some organic 
powders and to find a certain relation between the 
flocculation-deflocculation behavior of these suspen- 
sions and the adsorption results. The surfactants used 
were polyoxyethylated nonyl-phenols and octyl-phenols. 
Sulfathiazole (polar compound) and naphthalene 
(nonpolar) were selected as adsorbents. 


EXPERIMENTAL 


Materials-Series of polyoxyethylated nonyl-phenols and octyl- 
phenols were prepared by repeated distillation of commercial 
products'. The average polyoxyethylene chain lengths were deter- 
mined from their hydroxyl values. Table I gives the CMC and 


1 Nippon Nyukazai Co. Ltd.. Tokyo, Japan. 
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Wilforine Tlbk I-Qtotoxicity of Heknalin-Related Derivatives 


Key- 0 Wilforine-dupticated nomenclature for two 
structurally Werent compounds 0 Nomenclature duptication- 
wilforine used to identify two structurally different compounds 
~- 


Sir: 
Recently, Hayashi and Mitsuhashi (1) reported on 


the separation and structure determination of a new 
pregnane derivative from Cynandwn wilfordi, to which 
they assigned the trivial name wilforine. 
An alkaloid of as yet undetermined structure was 


isolated by Beroza (2) in 1952 from the unrelated plant 
Tripterygium wilfordii, which he named wilforine. The 
same alkaloid was more recently isolated from Muy- 
tenus senegalensis (3). 
Since these two substances are obviously dissimilar, 


the identical naming of them has created confusion in 
the literature. The product from C. wilfordi should be 
renamed by Hayashi and Mitsuhashi in subsequent 
publications. 


(1) I(. Hayashi and H. Mitsuhashi, Chem. Pharm. Bull., 20,2065 
(1972). 


(2) M. Buour,I. Amer. Chem. Suc., 74, 3656(1952). 
(3) M. Tin-Wa, N. R. Farnsworth, H. H. S. Fong, R. N. Blom- 


ster, J. Trojhek, D. J. Abraham,G. J. Persinos, and 0. B. Dokosi, 
Uoydb,  34,79(1971). 
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Antitumor Agents V: Effect of 
Epoxidation on Cytotoxicity of 
Helenalin-Related Derivatives 


Keyplrucr 0 Hcknalin daivatim-cpoxidation, effect on cyto- 
toxicity 0 Epoxidation of helenalin daivativcs--cffect on cyto- 
toxicity 0 cytotoxicity, helenalin daivatives-efect of epoxidation 
on activity 0 Structureactivity relationships-hdenalin derivatives, 
epoxidation andcytotoxicity 


Sir: 


In connection with our study of the structure-activity 
relationships among helenalin (I)-related sesquiterpene 
lactones for cytotoxic or antitumor activity (I-3), we 
wish to report a preliminary account of the effect of 
epoxidation on cytotoxicity of helenalin-related deriva- 
tives. 


The epoxy function is a structural feature commonly 
found in many naturally occurring sesquiterpene 


EDa, 
N u m  Ref- mcg./ml. 


bet Compound erence (H.Ep.-2) 


1-3 0.10 
--o 0.11 


I Heleaah 


-0 0.50 
I1 2,ZEpoxyhelenalin 


111 2,3,11,1 EDiepoxyheknaiin 
IV 2,ZEpoxyhelenalin dimethyl- - 1.36 


m e  adduct 


helenah 


dimethylamme adduct 


V 2,3-Dihydroheleaalin 2 3.84 
VI 2,3,11,13-.TetrahydrO- 2 >40 


VII 2,3-Dihydrohcledm 2 6.04 


S. H. Kim, H. Purukawa. C. Piantadosi. and E. S. 
H&%p%ishcd data. 


lactones. It is well known that certain classes of synthetic 
compounds (4), as well as naturally occurring sub- 
stances, owe their antitumor or cytotoxic activity to the 
introduction of the diepoxide or triepoxide functional- 
ity; e.g., the cyclohexane diepoxide, crotepoxide ( 5 ) ;  
the sesquiterpene dilactone diepoxide, mikanolide (6,7); 
and the diterpene triepoxides, triptolide and tripdiolide 
(8). With this in mind, it has been inferred that one im- 
portant factor governing the cytotoxicity of the ses- 
quiterpene lactones could be due to the introduction of 
the epoxy group. The epoxy group might act as a second 
alkylating function in addition to the essential alkylating 
center, the a-methyleney-lactone moiety (1, 9, 10). 
However, it was suggested (6) that cytotoxicity appears 
to be independent of the presence or absence of an 
epoxy group, although this conclusion was based upon 
only a small number of examples. 


We felt that the role of the epoxide function with re- 
spect to the effect upon cytotoxicity should be further 


I rl 


m Iv 
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Quantitative Determination of Morphine in Poppy Capsules by 
Differential Spectrophotometry 


R D & N  V. D. RONDINA, ARNALDO L. BANDONI, a d  JORGE D. COUSSIO' 


Abstract 0 A procedure for a rapid quantitative analysis of mor- 
phine in poppy capsules is described. It is based on differential 
spectrophotometry between alkaline and acidic solutions. The 
method was applied to poppy capsules cultivated in Atgentina. 
The results were statistically compared with those obtained using a 
TLC method. Both methods showed no significant differences. 


Keyphrases 0 Morphine, in poppy capsules-determination by 
differential spectrophotometry 0 Poppy capsules, Argentine- 
analysis of morphine content, differential spectrophotometry 0 
Opium alkaloids-determination of morphine in Argentine poppy 
capsules, differential spectrophotometry 0 Spectrophotometry, 
differential-determination of morphine in poppy capsules 


Morphine is still important in pharmacy for its 
direct use and as a source of semisynthetic derivatives. 
It is obtained from poppy capsules and from opium. 
Both foreign opium and local poppy capsules are used in 
Argentina (l), but the latter is obtained from domestic 
harvests of Papaoer somniferum var. nigrwn. 


Between 1943 and 1970, poppy was cultivated in 
different provinces of Argentina in search of favorable 
growing conditions. The province of Mendoza fulfilled 
the minimum requirements. It waS essential to produce 
an homogeneous race of alkaloid-rich plants to improve 
the average morphine content of poppy capsules. Thus, 
it was necessary to devise a method for determining 
morphine ih a single capsule. 


A number of gravimetric (2-4), titrimetric (3, 51, 
spectrometric (6-17), polarimetric (I 8), chromato- 
graphic (19-28), and electrophoretic (21) methods 
have been reported for the quantitative determination 
of morphine. The differential spectrophotometric 
method seemed the most suitable for a crude extract 
in which many interfering substances were expected 
to be present. 


Differential spectrophotometry in the analysis of 
pharmaceutical products was studied by Milos (6) and 
later by Casinelli and Sinsheimer (8) who used 1 N 
sodium hydroxide solutions, finding it inapplicable to 


Table I-AbsorbanceConcentration Relationships 


Morphine Concentration, 
mgJ100 ml. Absorbance 


0 
0.97 
1.94 
2.91 
3.88 
4.84 
5.81 
6.78 
7.75 
8.72 
9.69 


0 
0.059 
0.121 
0.190 
0.254 
0.321 
0.387 
0.450 
0.516 
0.595 
0.655 


morphine unless it had been previously separated by 
chromatography. Gupta (12) found 0.1 and 0.01 N 
sodium hydroxide solutions to be more suitable and 
developed a practical way for determining the alkaloid 
even in mixtures. Recently, a similar method (29) has 
been developed and applied to the determination of 
morphine in tablets, suppositories, and eardrops. Up 
to now, differential spectrometry has not been applied 
to the determination of morphine in poppy capsules. 


EXPERIMENTAL 


Appantus--A spectrophotometer' with 10-mm. path rectangular 


Reagents-Analytical grade reagents were used: 
0.1 N Sodium Hydroxide-Dissolve 4.00 g. of sodium hydroxide 


in 1.00 1. of water. 
30% Ammonium Phosphate-Dissolve 30 g. of ammonium 


phosphate, monobasic, in water to make 100 ml. total volume. 
0.2 N Hydmhloric Acid-Add 16.6 ml. of concentrated hydro- 


chloric acid to enough water to make 1.00 1. 
2% Sodium Nitrite-Dissolve 2.0 1. of sodium nitrite in 100 ml. 


of water. 
10% Ammonium H y d r o x i d e A 4  350 ml. of concentrated am- 


monia to enough water to make 1.00 1. 
Plant MnteriP1-Dried ripe capsules of Papaver somniferum L. 


var. nigrum DC., cultivated in the province of Mendoza (Argentina) 
in 1970, were used. They were chosen at  random and obtained 
from well-grown, healthy plants. 


The capsules were opened and the seeds were discarded. The mate- 
rial was powdered, thoroughly mixed, and dried at 60" to constant 
weight. The same batch was used throughout the study. 


Reparation of Alkaloidal Extract-Transfer an accurately 
weighed aliquot (about 2.50 g.) into a conical flask with a stopper 
and Md a mixture of 2 ml. of 10% ammonium hydroxide and 6 ml. 
of 96% ethanol. Add 30 ml. of isopropanol-chloroform ( I  :3) and 
stir the mixture for 30 min. Filter the solution through paper into 
a 50-ml. volumetric flask and bring to volume. 


Procedure A : Merentid Spectraphotometry-Stundard Prepam- 
tion-Accurately weigh about 10.0 mg. of anhydrous morphine or 
its equivalent of a suitable salt. Dissolve it in 0.1 N sodium hy- 
droxide to make 100 ml. total volume. Use this solution immedi- 
ately. 


Calibration-Use 0.i N sodium hydroxide to dilute the standard 
preparation to obtain 11 solutions containing between 0 and 0.100 
mg. of anhydrous morphine per milliliter. Transfer two 2.7-ml. 
portions of each solution to separate cells (rand s). Add 0.45 ml. of 
30% ammonium phosphate to the reference cell (r)  and 0.45 ml. of 
0.1 N sodium hydroxide to the sample cell (s); mix carefully. Set the 
wavelength control knob to 320 nm. and adjust to 100% transmit- 
tance. Turn the wavelength control knob to 299 nm. and determine 
the absorbance of the s oersus the r cell. Use the data thus obtained 
to calculate the absorptivity (a) from Eq. 1 : 


cells was used. 


(a. 1) 
ZAC - (ZCEA/n) 
ZC* - [(ZC)*/n] 


a =  


and the A, vdue from Eq. 2: 


(Eq. 2) 


1 Beckman DBG. 
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Table lI--Companson of Assay Methods for Morphine 
Applied to Poppy Capsules 


Table XI-Application of the Student t test to the Differences 
between the Data from Table I1 


Morphine Found, &/lo0 g. Poppy Capsules 
Ssmple Number Procedure A Procedure B 


1 
. 2  


3 
4 
5 
6 
7 
8 
Average 
SD 


0.516 
0.538 
0.541 
0.513 
0.566 
0.537 ._ .~  


0.510 
0.507 
0.5285 


*3.9% 


0.563 
0.542 
0.528 
0.515 
0.529 
0.501 
0.490 
0.470 
0.5173 


*5.8% 


where A is the absorbance corresponding to the concentration C, n 
is the number of observations, and A0 is the theoretical absorbance 
when C = 0. 


Procedure-Transfer 10 ml. of the alkaloidal extract to a separa- 
tor and extract with 0.1 N sodium hydroxide (3 X 15 ml.). Collect 
the alkaline solution in a 50-ml. volumetric flask, and dilute to 
volume with 0.1 N sodium hydroxide. If necessary, centrifuge to 
clarify the solution. Transfer two 2.7-ml. portions to separate celk 
(r and s). Measure the absorbance of the s uersus the rcell as stated 
under Calibratioti. The amount of morphine in the sample is cal- 
culated using Eq. 3: 


where A is the measured absorbance, a is the absorptivity calcu- 
lated using Eq. 1, A. is the theoretical absorbance when C = 0 
(previously calculated with Eq. 2), and q is the weight in grams of 
the sample. 


Procedure B: TLC-Standard Preparation-Accurately weigh 
about 40.0 mg. of anhydrous morphine or its equivalent of a suit- 
able salt. Dissolve in isopropanol-chloroform (1 :3) to make 100 
ml. total volume, and keep the solution in a refrigerator. Renew 
monthly. 


Procedure-A modified version of the method of Heusser and 
Jackwerth ( I  1) was used. The absorbent was silica gel PF~U*. Chro- 
matography was carried out on 20 X 2OOcm. glass plates coated with 
a 250-p layer. They were heated at 130" for 30 min. before spotting. 
The solvent system was chloroform-acetone-methanol-25 
ammonia solution (M:40:10:5). Solutions were spotted with a 
1-ml. pipet in 2.5cm. bands. A total of five bands was used per plate 
as follows: 1,O.M ml. standard preparation; 2, 1.20 ml. alkaloidal 
extract; 3, 0.60 ml. standard preparation; 4, 1.20 ml. alkaloidal 
extract; and 5,  1.20 ml. standard preparation. 


The plates were developed (ascendingly) to 15 cm. After develop 
ment, they were dried at room temperature and viewed under UV 
254-nm. light. The morphine spots were marked and then scraped 
off with a spatula. Each spot was transferred to a centrifuge tube 
and extracted by shaking with 3 ml. of 0.2 N hydrochloric acid. An 
extra tube containing 3 ml. of 0.2 N hydrochloric acid was added at 
this point as a reagent blank. To each tube, 2 ml. of 2% sodium 
nitrite was added. The tubes were allowed to stand at room tem- 
perature for 15 min. and then made basic by the addition of 3 ml. 
of 10% ammonium hydroxide; the silica layer was separated by 
centrifugation.The absorbance uersus the reagent blank was im- 
mediately determined at 470 nm. The values of a and A O  were cal- 
culated for each plate using Eqs. l and 2 (where C refers to the 
quantity of morphine applied to each standard band). The assay 
values of morphine were determined using the relationship: 


Ai + A ,  - 2Ao.25 (Eq. 4) 
12U 4 


g. morphine/IWg. capsule = 


where A2 and A, are the absorbances corresponding to bands 2 and 
4 of the corresponding plate, respectively, and q is the weight in 
grams of the sample. 


'Merck. 


~~ 


Sample Number Difference 


1 
2 
3 
A 
5 
6 
7 
8 
d 
SZ 


to  ' 
to.r (from tables) 


sa 


-0.047 
-0.004 


0:013 
-0.002 


0.037 
0.036 
0.020 
0.037 
0.01 125 
0.000831 
0.01019 
1.1036 
1.119 


a Procedure A - Procedure B = dr. 


RESULTS AND DISCUSSION 


By using differential spectrophotometry as described, the con- 
centration of a pure morphine solution was shown to be linear with 
the absorption (Table I). The average of eight determinations of 
morphine in the batch gave 0.5285 g. of anhydrous morphine/lW-g. 
capsule. The relativestandard deviation was 3.975. The compatibility 
of these results with the 0.10-0.60$ values found in the literature 
(21,32,33) and with the average industrial yield (0.273 (32,34) is of 
interest. 


The method of Heusser and Jackwerth (1 l), in which morphine is 
previously isolated by TLC, was selected for comparative purposes. 
The alkaloidal extract was chromatographed, and then morphine 
was eluted and submitted to the Radulescu reaction (M), a simple 
case of phenol nitrosation (31). The nitrosomorphine was measured 
at 470 nm. An average of eight determinations gave 0.5173 g. of 
anhydrous morphine/l Wg. capsule, and the relative standard 
deviation was 5.8$. Results of both methods are shown in Table 
11. 


A comparison between averages shows a difference of 0.0112 g. 
of morphine/lWg. capsule. Statistical analysis of the data showed 
that this difference was not significant. 


As the same alkaloidal extract was used for each pair of trials. 
the Student t test could also be applied to the respective differences 
(Procedure A - Procedure B = d , )  (Table 111). 


From the table of t ,  it was found that the chance of obtaining a 
value o f t  greater than or equal to f to' ( 1.104) is slightly greater than 
MinlOO(to.s = 1.119).Hence, thenullhypothesis(d = 0)cannot be 
rejected at the 5 %  level of significance. The conclusion is also $hat 
the two methods of analysis did not produce significantly different 
results. 


CONCLUSION 


The present method allows a relatively rapid determination of 
morphine in poppy capsules without prior chromatography of the 
crude extract. It is accurate enough to be used in the selection of the 
alkaloid-rich capsules. 
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Inhibition of Pyruvic Acid Oxidation by 
2,5-Substituted 1,3,4-Oxadiazoles 


H. H. SINGH, S. NAGAR, A. CHAUDHARI, and SURENDRA S. PARMAR' 


Abstract 0 Several 2-substituted amino-S(dich1orophenoxymeth- 
yl)-l,3.4-oxadiazoles were synthesized by cyclizing various corre- 
sponding I-(dichloro substituted phenoxyacetyl)-4-subtituted thio- 
sernicarbazines. These compounds exhibited the ability to  inhibit 
oxidation of pyruvic acid by rat brain homogenate and showed 
gross behavioral depression in mice on intraperitoneal adrninistra- 
tion. 


Keyphrases 0 Pyruvic acid oxidation-2,5-substituted I ,3,4sxa- 
diazoles, synthesized and tested as inhibitors, rats, mice 0 1,3,4- 
Oxadiazoles, 2,5-substituted-synthesis, studied as inhibitors of 
pyruvic acid oxidation, rats, mice 0 Thiosernicarbazines, substi- 
tuted-synthesis, studied as inhibitors of pyruvic acid oxidation, 
rats, mice 


~ ~ 


Several 1-acyl-Csubstituted thiosemicarbazines and 
their cyclized 1,3,4-oxadiazoles have been reported to 
possess diverse biological properties. The ability of 2,5- 
disubstituted 1,3,4-0xadiazoles to exhibit analgesic 
(1, 2), anti-inflammatory (2-4), antipyretic (2), muscle 
relaxant (5-7), tranquilizing (5, 6), and CNS depressant 
(8) activities led the present authors to synthesize several 


2-substituted amino-5-aryl-l,3,4-oxadiazoles. Further- 
more, selective inhibition of nicotinamide adenine 
dinucleotide-dependent oxidation by CNS depressants 
such as substituted 4-quinazolones (9-1 1) prompted the 
evaluation of the intermediate thiosemicarbazines and 
cyclized oxadiazoles for their ability to inhibit oxidation 
of pyruvic acid by rat brain homogenate. Attempts also 
were made to determine the structure-activity relation of 
these compounds to their enzyme inhibitory activity. 
The various oxadiazoles were synthesized according to 
Scheme I. 


EXPERIMENTAL 


Ethyl 2,bMchlorophenoxyaeeCate ([)-An equimolar quantity of 
2,6-dichlorophenol (8.15 g.), ethyl chloroacetate (6.15 g.), and 
potassium carbonate (10.35 g.) in dry acetone (50 ml.) was refluxed 
under anhydrous conditions for 10 hr. The reaction mixture was 
filtered and the filtrate was poured into 50 mi. of chilled water. The 
ester was extracted with ether and dried over magnesium sulfate. 
On removing the excess ether, the remaining liquid was fractionally 
distilled. The fraction boiling at 180-185" was collected, yielding 
9.90 g. (80%). 
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Comparison of Ampicillin and Hetacillin 
Pharmacokinetics in Man 


WILLIAM J. JUSKO' and GEORGE P. LEWIS 


Abstract 0 The pharmacokinetics of oral and intravenous doses of 
ampicillin were studied when ampicillin was given directly and as its 
inactive precursor, hetacillin. The two compounds were assayed 
separately in plasma using an electrophoresis-bioautography 
method. Plasma concentration and urinary excretion rates of 
ampicillin after- direct intravenous injection and after hetacillin 
administration were computer fitted using a two-compartment 
open model. Hetacillin hydrolyzed rapidly and completely to 
ampicillin with an in oiuo half-life of 11 & 2 min. in eight human 
subjects. No differences were found in the distribution rate and 
volume constants, elimination rates and clearance parameters, and 
urinary recovery of ampicillin when it was given either as intra- 
venous ampicillin or intravenous hetacillin. The major effect of 
intravenous hetacillin is that early plasma, urine, and peripheral 
compartment levels of ampicillin resemble those from a rapid ab- 
sorption process, with a peak plasma concentration found at about 
0.5 hr. Limited bioavailability studies in eight fasting subjects 
showed 32% absorption from ampicillin capsules, while 38 and 42% 
absorption values from hetacillin capsules were found in four fast- 
ing and four nonfasting subjects, respectively. The primary rationale 
for clinical use of ampicillin precursors is, in general, the improve- 
ment of the limited intestinal absorption of the antibiotic as well 
as increasing the stability of ampicillin in aqueous solutions. 


Keyphrases Ampicillin pharrnacokinetics-oral and intra- 
venous, compared to intravenous hetacillin, man Hetacillin 
pharmacokinetics-intravenous, compared to oral and intra- 
venous ampicillin, man 0 Pharmacokinetics-ampicillin compared 
to hetacillin, man Drug precursors-oral and intravenous 
ampicillin compared to intravenous hetacillin 0 Absorption, drug- 
ampicillin and hetacillin, man 0 Elimination, drug-ampicillin 
and hetacillin, man 


Hetacillin is representative of an unusual and some- 
what controversial class of chemotherapeutic agents. 
It is a condensation product of ampicillin and acetone, 
which is stable in the dry state but susceptible to rapid 
conversion to ampicillin (Scheme I) in aqueous solution 
(1, 2). A recent study employing a short-duration 


hetacillin 


1 


NH, C -N-CH -COOH 
o4 


ampici l l in  


bacterial lysis technique showed that unchanged heta- 
cillin has little or no bactericidal activity (3). However, 
because of its hydrolysis, microbiological assays that 
require prolonged incubation reveal hetacillin and 
ampicillin to  be eventually equipotent on a molar basis 
(4). Hetacillin is thus an inactive precursor of ampi- 
cillin, but its slightly different physicochemical properties 
and the fact that it must hydrolyze to  ampicillin can 
be expected to modify the pharmacokinetics and pos- 
sibly the chemotherapeutic effect of ampicillin. In fact, 
apparent increases in blood levels and decreases in 
renal clearance of ampicillin have been reported after 
hetacillin administration (5-7). However, most of these 
studies did not involve separation of unchanged heta- 
cillin from ampicillin in plasma specimens prior to 
microbiological assay and are, therefore, misleading. 


The present investigation was performed to elucidate 
and compare the pharmacokinetic properties of ampi- 
cillin when administered directly and as hetacillin to 
human subjects. These studies are of general interest 
because hetacillin represents the first of several attempts 
to enhance the chemotherapeutic usefulness of ampi- 
cillin by the use of precursors of the antibiotic. 


METHODS 


Eight normal subjects, four males and four females, participated 
in the study; their ages and relevant descriptions are listed in Table 
I. Each volunteer received doses of intravenous ampicillin', intra- 
venous hetaciflinl, and oral ampicillin', with the latter following an 
overnight fast. The female subjects also received oral doses of 
hetacillin' after fasting and immediately following a standard 
breakfast consisting of 30 g. cornflakes, 250 ml. whole milk, and 
5 g. sucrose. The oral dosage forms were loosely packed commercial 
capsules, which were ingested with 100-200 ml. of tap water. The 
sequences of drugs and dosage forms were randomized for the 
female subjects, except that determination of the effect of food on 
hetacillin absorption was performed after completion of all other 
studies. 


The dosages were determined by analysis of several capsules and 
vials of injectable material. The ampicillin and hetacillin capsules 
contained 550 and 483 mg. ampicillin equivalent, respectively. 
All intravenous solutions were prepared within 3 min. of injection, 
and the residual drug in the vial was analyzed to allow calculation of 
the actual dose administered. These doses are listed in Table 1. 


Urine specimens and, in most instances, blood samples were 
obtained following each dose of antibiotic. Blood was collected from 
either the cubital vein or forearm cephalic vein using an indwelling 
needle and cannula and heparinized vacuum tubes. Clotting in the 
tubing was prevented with a dilute solution of heparin in saline. 
Blood samples were drawn prior to drug administration and at 
seven intervals during the subsequent 8 hr. A blank urine specimen 
was obtained and hourly urine collections were made for 12 hr. 
followed by less frequent samples for an additional 12 hr. All 
specimens were refrigerated until drug analyses were performed on 
the day after drug administration. However, during the studies with 
hetacillin, the first four blood samples were rapidly centrifuged, 
diluted with the blank plasma from the same subject when ap- 
propriate, and quickly frozen to -60°, in which state hetacillin is 


1 Bristol Laboratories, Syracuse, N. Y. Scheme I 
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Table I-Drug Dosages and Physiological Characteristics of the Subjects 


Creatinined 
Age, Surface --Intravenous Doses, mg.*- -PlasmaC Proteins, g. 5- Clearances, 


Subject Sex Years Area", mSa Ampicillin Hetacdlin Total Albunun ml./nun. 


1 F 26 1.73 647 533 7 . 0  3.1 104 
2 F 23 1.65 608 5 50 7 . 2  3 . 2  94 
3 F 26 1.82 639 532 7 . 2  2 . 9  128 
4 F 23 1.57 633 533 6 . 9  2 . 8  101 
5 M 28 2.09 570 554 7 . 2  2 .8  174 
6 M 43 2.01 570 538 7 .1  2 . 9  1 27 
7 M 28 1.92 570 558 6 . 6  3 . 0  92 
8 M 24 2.03 570 561 6 . 9  3 . 4  109 


Determined from height and weight by the method of Dubois and Dubois (20). b Ampicillin equivalent. c Mean of two determinations. d Mean of 
four and two determinations for the F and M subjects. respectively. 


stable. These specimens were subjected to electrophoresis to separate 
ampicillin and hetacillin immediately following collection of the 
2.5-hr. sample. 


Assays-All samples were analyzed for ampicillin using a fluoro- 
metric method described previously (8) as well as the agar-well 
diffusion assay of Bennett e f  a/. (9), with Bacillus subtilis as the 
microorganism. Both assays involved use of reference standards 
prepared with blank plasma from the individual subject as well as 
nonproteinaceous standards. Hetacillin was separated from ampi- 
cillin using duplicate electrophoretic agar gels buffered with tris- 
maleate at pH 5.6 (10). After electrophoresis at approximately 240 
v. and 60 ma. for 45 min., the gels were overlayed with 1 .Sz nutrient 
agar containing B. subtilis spores. Following overnight incubation, 
the relative fractions of hetacillin and ampicillin were determined by 
comparison of the zone sizes with a graph of the mean inhibition 
diameter plotted cersus the logarithm of ampicillin concentration 
of standards. All measurements were made with analytical grade 
sodium ampicillin1 (potency 865 mcg.!mg.) as the reference material. 


One set of urine and plasma samples obtained after each dose of 
drug was analyzed for endogenous creatinine, using the alkaline 
picrate method (1  1) to calculate creatinine clearances. Plasma 
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Figure 1-Plasma coircerifrafiom (0,O) a/?d rrriiiary escreriorr rates 
(m,0) of ampicilli/i n u  a ,fiuictioit of rime u.fier intrucenous admiri- 
isIratioil 01.570 mg. to Subject 5 .  Closed symbols ure results of'micro- 
biologicul nssuy, and opcn symbols ure measuremcnts by fluoromefry . 
The solid lines represent u leust-squares jifit o/  the mirrobiologital data 
crccorchg lo E p .  I m d  2. 


samples collected after each intravenous dose of antibiotic also were 
analyzed to determine total protein by the biuret method (12) and 
the albumin fraction using cellulose acetate electrophoresis. 


Protein Binding-The degree of protein binding of ampicillin 
and a-aminobenzylpenicilloic acid was determined at 23" using a 
centrifugal ultrafiltration procedure described previously (1 3). 
Fractional binding of both compounds to 4 g.% human serum 
albumin was measured with the fluorometric assay procedure (8). 


Dissolution Tests-Dissolution rates of ampicillin and hetacillin 
from capsules were determined by a method similar to that of 
Levy and Hayes (14). The dissolution medium was 1000 ml. of 0.1 N 
HCl maintained at 37". The capsule was restrained near the bottom 
of the beaker by means of an aluminum screen. The concentration 
of ampicillin or hetacillin in Millipore-filtered dissolution medium 
was measured at  5-10-rnin. intervals by spectrophotometric analysis 
at 258 nm. 


RESULTS 


Ampicillin Disposition-Typical plasma concentration and urinary 
excretion rate data obtained after intravenous injection of ampi- 
cillin are shown in Fig. 1. The data obtained by microbiological 
assay represent unchanged ampicillin, while the fluorometric pro- 
cedure also measures a metabolite in plasma (8). The two assays 
produced essentially identical results when ampicillin was analyzed 
in urine, which indicates that little of the apparent metabolite is 
excreted by the kidneys. Similar assay differences which reflect the 
presence of the metabolite were found whether ampicillin or heta- 
cillin was administered. The urinary recovery of unchanged ampi- 
cillin averaged 90 =t 7.5 after intravenous administration, which 
indicates that only a minor portion of the dose was eliminated by 
metabolism and/or biliary excretion. 


The decline in plasma concentrations (C,) and urinary excretion 
rates (ER) of unchanged ampicillin as a function of time ( f )  after 
intravenous injection is curvilincar, as shown in Fig. 1. The experi- 
mental data were fit to the biexponential equations: 


and : 


where A and B represent zero-time intercepts on the ordinate, Q 


and 0 are disposition slope constants, and CIR is the renal clearance. 
The data were fit to these equations simultaneously by digital 
computer least-squares iteration using a time-share adaptation of the 
program NONLIN ( 1  5). The data employed were the rnicrobio- 
logically assayed plasma concentrations of ampicillin and the 
average of the microbiological and fluorometric assay results for 
the urinary excretion rates. After the plasma concentration data 
were included twice to compensate for their fewer number but 
greater intrinsic reliability, all data values were weighted numerically 
equal. Within the computer program, this involves multiplying the 
squared deviations: ( Yo~aerved - Yunleul,,led)z by a weight factor, 
which was calculated for individual data values as: weight = 


70 c] Journal of Pharmaceutical Sciences 







L 


ampicillin 


central  
compartment 


HOURS 
0 2 4 6 8  


* compartment  
k12 


k21 


Table II-Biexponential Least-Squares Regression Parameters of 
Total Plasma Antibiotic after Intravenous Injection of 
Ampicillin and Hetacillin 


Ampicillin 
with Hetacillin 


Parametera Ampicillin ( S D )  (SD)b  


A .  mcg./ml. 33.7 (7.9) 35.4 (9.1) 
a,’ hr.=l’ 2.30  (0.60) i.81’(0%) 
B, mcg./ml. 4.04 (1.78) 7.66(4.56) 
p, hr.- 0.541 (0.048) 0.501 (0.090) 
CIR, ml./min. 341 (91) 224 (50) 
area, mcg. hr./ml. 22.7 (5.2) 34.7 (10.4) 


~~ 


a According to Eqs. 1 and 2 with A .  B, C ~ R ,  and area normalized for a 
500-nig. dose of ampicillin and 1.73 m.? body surface area. b For curve- 
fitting purposes only. 


(Y,,,,/ Yobaerved). The use of Eqs. 1 and 2 together permits all of the 
experimental data to  be used simultaneously in calculation of the 
least-squares parameters. The averages of the latter values, as well 
as the plasma level area, are listed in Table 11. 


Hetacillin Disposition-Plasma concentration and urinary ex- 
cretion rate data obtained after intravenous injection of both 
ampicillin and hetacillin are shown in Fig. 2. The disappearance of 
unchanged hetacillin was extremely rapid in both subjects, and the 
half-life of hetacillin averaged about 1 1  min. in the eight subjects. 
Hetacillin could be detected only in the first two plasma samples due 
to the limited sensitivity of the bioautography procedure. Figure 2 
also shows the plasma concentrations of total antibiotic (ampicillin + hetacillin) after injection of both compounds. If hetacillin is not 
separated from ampicillin prior to microbiological or fluorometric 
analysis, the plasma antibiotic levels after hetacillin injection appear 
to exceed those obtained after ampicillin. For the pu~pose of 
estimating the total plasma area and obtaining a general impression 
of the behavior of both compounds after hetacillin injection, the 
total antibiotic data were also fit with Eqs. 1 and 2. These results 
are shown in Table I1 along with the intravenous ampicillin data 
for comparative purposes. It can be noted that the apparent 8- 
values are very similar after administration of both ampicillin and 
hetacillin. but the apparent renal clearances are much less after 
hetacillin. The latter is due to the elevation of ampicillin plasma 
levels by the inclusion of hetacillin and suggests that little unchanged 
hetacillin appears in the urine. 


Pharmacokinetic Analysis-The general pharmacokinetic model 
used to  describe the distribution and elimination behavior of ampi- 
cillin after intravenous injection and with hydrolysis from helacillin 
is shown in Scheme 11. The rate constant for hydrolysis of hetacillin 
t o  ampicillin is k,. The distribution rate constants of ampicillin are 
k12 and kzl, and elimination of ampicillin (k,r) occurs by renal (ke)  
and biliary metabolic ( k b )  pathways. These distribution and elimina- 
tion constants for ampicillin were calculated from the least-squares 
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Figure 2-Plasma concentrations of total apparent ampicillin as a 
,function of time after intraoenoirs administration of ampicillin 
(.,0) and hetacillin (0,O) to Subjects 7 and 4. Triangles and dashed 
lines show disappearance of’ rutchatrged hetacillin. The data are 
normalized for  a 500-mg. dose oJ‘ampicillin. Solid symbols are actual 
plasma concentrations, and open syrribols are urinary excretioii rates 
divided by the least-squares renal clearance. Solid lines were obtained 
by computer least-squares regression according to Eqs. I and 2. 


parameters of Eqs. 1 and 2 using methods described previously 
(16-19), except that k.  and kb were calculated from: 


ke = .L*kel (Eq. 3) 


and : 


kb = (1 - f.).ket (Eq. 4) 


where& is the fraction of the intravenous dose (Do) excreted in the 
urine unchanged. Other conventional parameters of a two-compart- 
ment open model (16-19) that were also calculated included the 
central compartment volume ( VJ,  steady-state distribution volume 
( VDSS), and body clearance (CIB). The data obtained after hetacillin 
injection were quantitated with a more direct approach. A general 
solution to  the model shown in Scheme I1 was generated using the 
methods recently proposed by Benet (18). The expression used to  
describe the time course of unchanged hetacillin ( C H )  in the plasma 
was: 


Simultaneously, the time course of ampicillin concentrations (CA) 
in plasma can be described by: 


where : 


and: 
Scheme 11-Multiple-compartment pharmacokinetic model used to 
characterize hetucillin conversion to ampicillin ( kc), ampicillin distri- 
burion (k12, ktl), and ampicillin renal (ke) and extrarenal (kb) elimi- 


nation 


= 1/2.(b - d b 2  - 4. k.1. kzi) 0%. 8 )  


where b = klz + kzl + kai. 
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8 16.5 3.23 0.405 


The type of data fit by computer least-square iteration is shown in 
Fig. 3. Plasma levels of unchanged hetacillin were described with 
Eq. 5, while plasma levels of total antibiotic (CT) were equal to: 


CT = CH f CA (Eq. 9) 


where CH and CA were used as defined by Eqs. 5 and 6, respectively. 
Also, urinary excretion rates (ERA)  of unchanged ampicillin were 
quantitated with the enlargement of the expression: 


ERA = CIB'CA (Eq. 10) 


where Eq. 6 was substituted into Eq. 10 for CA. In essence, three 
detailed equations were used simultaneously to characterize heta- 
cillin hydrolysis to ampicillin, ampicillin distribution, and ampicillin 
elimination. where the experimental data were C I ~ ,  CT, and ERA. 
However, the model was simplified by setting the distribution 
volume of hetacillin identical to that of ampicillin so that V,  was 
used as the same parameter for both compounds. The one-compart- 
ment assumption for hetacillin distribution was made because the 
hydrolysis of hetacillin to ampicillin was so rapid that hetacillin 
distribution rates could not be adequately characterized, because 
initial graphical estimation of V,  for both compounds yielded 
identical values, and because of the limited number of data points 
for hetacillin. The six least-squares constants thus generated from 
the hetacillin-ampicillin data were: V,, k,, kI2, k,,, kei, and Ck. 
The excellent fit of the experimental data from two subjects using 
this approach is demonstrated by the results shown in Fig. 3. After 
these least-squares constants were obtained, the plasma levels of 
ampicillin were calculated for each subject using Eq. 6.  The maxi- 
m u m  level of ampicillin was attained at  about 30 min. At a later 
time, ampicillin levels essentially converged with those of total 
antibiotic when most of the hetacillin was converted to ampicillin. 


The computer-derived distribution and elimination constants 
of ampicillin that were obtained after injection of hetacillin are 


1.00 1.81 2 1 . 4  
0.704 2.05 26.5 


listed in Table 111 along with the parameters obtained after intra- 
venous ampicillin. The plasma level area of ampicillin formed from 
hetacillin (areaa) was calculated from the integral of Eq.  6 or: 


arean = C ~ s d t  (Eq. 1 1 )  l- 
The method of paired comparisons was used to evaluate sta- 


tistically the etfect of the two methods of ampicillin administration 
on its distribution and elimination parameters. As shown by the 
mean data values for the eight subjects in Table 111, the use of 
hetacillin produced essentially no change in the distribution vol- 
umes, clearances, distribution rate constants, renal excretion frac- 
tions. and plasma level areas of ampicillin. 


Integral Coefficients-The use of integral coefficients t o  sum- 
marize the interaction of the major factors that control body levels 
of drugs, including protein binding, was recently introduced ( I  9). 
An integral coefficient represents the fractional dose-time area for 
nonprotein-bound drug located in each pharmacokinetic compart- 
ment. For ampicillin, the integral coefficients for the central (DI,,) 
and peripheral (02) compartments are defined as: 


and : 


where XI* is the amount of free drug in Compartment 1, V ,  is the 
actual plasma volume, and Fb is the mean fractional binding of the 
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Table III-Distribution and Elimination Parameters of the Two- 
Compartment Open Model for Ampicillin 


Intravenous Ampicillin from 
Parametera Ampicillin (SD) Hetacillin (SD) 


Distribution volumes. 1. 
VC 12.0 (1.9) 12.5(2.8) 
v D s s  17.9 (1.5) 19.3 (2.9) 


Clearances, ml./min. 


Rate constants. hr.-1 


CIR 341 (91) 296 (91) 
ClB 335 (56) 350 (102) 


0.384(0.185) 0.419(0.180) 
0.733 (0.163) 0.728 (0.161) 
1.73 (0.49) 1.68 (0.30) 
1.55 (0.47j 1 . 5 8  (0.31j  
0.17 (0.12) 0.10 (0.13) 


Slow ti/?, hr. 1.29 (0.11) 1 .34 (0.20) 
Fraction ( fe )  0.899 (0.075) 0.939 (0.076) 


excreted in urine 
Plasma level 22.7 (5.2) 22.9 (7.6) 


area, mcg. hr. ml.-1 
Integral coefficients. hr. 


0.8 
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Figure 4-Irrtegral coeficierits of ampicillin in the central arid peri- 
pheral compartments after admiiiistration of ampicillin (0) and 
hetacillin (I ) to eight normal subjects. Standard deviations are shown 
as verticallines with the mean values. 


0.581 (0.133) 0.581 (0.118) 
0.297 (0.081) 0.355 (0.102) 
0.878 (0.151) 0.921 (0.141) 


VC, V D ~ ~ ,  Cle, Cb, and area are normalized for 1.73 m.* body surface 
area. 


drug to plasma proteins. The plasma volume was estimated by the 
method of Dagher (20), using the age and body weight of each 
subject. Over the concentration range of l-lOmcg./ml., the fractional 
binding of ampicillin to 4 g. human serum albumin was 0.29 =k 
0.01, which yielded an association constant (k) of 704 l./mole, as- 
suming one ampicillin binding site per protein molecule. This 
constant, along with the plasma albumin concentration (P) of each 
subject, was used to  estimate Fb according to (1  3): 


A summary of the central and peripheral compartment integral 
coefficients for the two studies in each of the eight subjects is shown 
in Fig. 4. The total integral coefficient (DT), which is equal to: 


DT = D I ,  + De (ES. 15) 


is a model-independent parameter which best reflects the overall 
fractional dose-time area between subjects and among various 
drugs (19). As shown in Table 111 and Fig. 4, these were essentially 
identical for ampicillin (0.878 hr.) and ampicillin formed from 
hetacillin (0.921 hr.). These values are also very similar to the total 
integral coefficient previously generated for ampicillin (1.01 * 
0.07 hr.) based on. data of Jusko et ul. (19) and Dittert et al. (21). 
The peripheral compartment integral contributes, on the average, 
about one-third of the whole body integral. There was greater 
variation in both D,,  and Dp among subjects than within each sub- 
ject for the studies with ampicillin and hetacillin. This was primarily 
due to the intrasubject variation in ampicillin elimination which, as 
can be noted from Eqs. 12 and 13, is the major factor controlling 
the value of both integral coefficients. 


Rate of Hetacillin Hydrolysis-The least-squares rate constant 
for the conversion of hetacillin to ampicillin (k,) was relatively 
constant among the eight subjects, with an arithmetic mean of 3.83 
hr.-1 and a standard deviation of 0.78 hr.-1. The range of half- 
lives for this process was 8-13 min., with an average of 11.2 min. 
The narrow range of k,  values is consistent with a chemical, rather 
than biochemical, mechanism of hetacillin hydrolysis ( 1 ,  2). The 
listed rate constants for hetacillin degradation are probably slight 
overestimates because of hydrolysis occurring during the centrifuga- 
tion process after collection of the blood samples. The blood samples 
were cooled during centrifugation to minimize such an effect. 


Absorption Properties-The time course of plasma concentrations 
of ampicillin in a representative subject after administration of 
ampicillin and hetacillin during fasting (both compounds) and 
following ingestion of food (hetacillin) is shown in Fig. 5. Electro- 


phoresis of the early plasma samples revealed no detectable hetacillin 
when it was given. The rapid absorption and apparent monoex- 
ponential decline of plasma levels of ampicillin made it difficult 
to characterize the data using a two-compartment open model, 
even by applying computer least-squares techniques. The *plasma 
concentration (C,) and urinary excretion rate (ER) data were, there- 
fore, analyzed semiempirically by appropriate use of a zero-order 
input function for a one-compartment open model (18) where: 


C = &.(e6.!o - e6.fd).e-6.! (Eq. 16) p 6  


and : 


ER = C,*c/R (Eq. 17) 


with the conditions that to = t a t  t < to and t d  = t a t  td < t and where 
R ,  is a relative absorption rate constant that includes a volume of 


2 - 
E . 


0 2 4 6 8 10 
HOURS 


Figure 5-Plasmu concetltrutions of ampicillin in Subject I as a 
function of time after oral administration of ampicillin aJter ,fcisting 
(@,0), hetacillin with food (.,0), and hetacillin nfter.fasting (- - -, 170 


symbols). Ampicillin data are corrected to the 483-mg. dose O f  


heracillin. Solid symbols are actual plasma concentrations, and open 
symbols (ire urinary excretion rates divided by the least-squares rerial 
clearance, All lines were obtnined by computer least-quares regression 
according to Eqs. I6 arid 17. 
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Table IV-Comparison of Ampicillin and Hetacillin Absorption 
Parametersa after Ingestion of Oral Capsules 


--- Hetacillin- 
Ampicillin With Food 


Parameter* Fasting (SD) Fasting (SD) (SD) 


Dosec, mg. 550 483 483 
Onset of absorption . 0.32 (0.08) 0.65 (0.09) 0.64 (0.12) 


( to) ,  ,hr. 


absorption 
(td,  hr. 


rate (&), 
m d h r .  1. 


Duration of 1.70 (0.89) 1.74 (0.59) 2.22 (0.66) 


Relative absorption 4.05 ( I  .97) 3.45 (0.77) 2.99 (0.51) 


Dispco'sitionhalf- 1.08(0.13) 1.08(0.15) 1.12(0.20) 


Renal clearance, 298 (71) 337 (59) 328 (115) 
life, 0.693/6, hr. 


ml./min. 


mcg. hr./ml. 
Plasma level area, 8.73  (1.43) 8.89 (1.79) 10.53 (3.71) 


a Least-squares parameters calculated with Eqs. 16 and 17. bMean and 
standard deviation for four female subjects. c Ampicillin equivalcnt. 


distribution, 6 is the disposition rate constant, td is the duration of 
the absorption process, and to is the lag time before absorption 
starts. This function is useful primarily for curve fitting, comparison 
of crossover data, and numerical estimation of plasma level areas 
(trapezoidal rule). The plasma concentration and urinary excretion 
data were used simultaneously with the weighting method described 
previously to obtain least-squares estimates of the parameters: 
R,, 6, t,l, I,, and CIH. 


As shown in Fig. 5 ,  an excellent fit of the experimental data was 
obtained by using Eqs. 16 and 17. The average values of the least- 
squares parameters are listed in Table IV for the four female subjects. 
The to values show that the onset of absorption of hetacillin is 
slightly delayed relative to ampicillin. When food is coadministered 
with hetacillin. the onset of absorption is unaffected, but the dura- 
tion of absorption is increased by about 0.5 hr. Partially offsetting 
this effect. food also produces an apparent decrease in the relative 
absorption rate of hetacillin. The apparent disposition half-life of 
oral ampicillin is slightly less than that found after intravenous 
ampicillin or hetacillin. As will be considered further, the plasma 
level areas listed in Table IV indicate that ampicillin is somewhat 
better absorbed when administered as hetacillin than as ampicillin. 


Rioavailability-Since both plasma level areas and urinary ex- 
cretion data were obtained, the bioavailability of ampicillin was 
calculated using two methods. The urinary recovery ratios after 
oral (PO) and parenteral (iv) doses were used to calculate the 
fractional absorption (Fu)  according to:  


F u = - -  % recovery,, 
recoveryi, 


The plasma level areas were similarly used to calculate bioavailability 
( F A )  from: 


area,,. dosei, 
areai,. dose,, 


FA = 


11: both equations, the average results from the studies with intra- 
venous ampicillin and ampicillin formed from hetacillin were used 


HOURS 


Figure 6-Meun ,fractional dosagr kvels (semilogaritlinric scale) oJ 
ampicillin ill the centrut ( C )  und peripherul ( P )  compartments as a 
fiinction of time ufrer iiltruwnous adniinistrutian of'umpicillin (--) 
and heiacillin (- - - -). The linear areas under thr respective ciiriws are 
the approximate intrgral coeficicJiits. 


as denominator data for each subject. Numerator data were ob- 
tained by the measurement of total antibiotic in plasma or urine 
after oral doses of the two compounds. The bioavailability estimates 
are summarized in Table V for all studies performed. In general, 
there is good agreement between the FLr and FA values, with an 
average difference of 1.7% absorption. The fact that the FA values 
do  not exceed the FL, values is in agreement with the electrophoretic 
absence of hetacillin in the plasma. If hetacillin itself was absorbed 
unchanged, the use of total antibiotic measurements would elevate 
the FA estimate relative to the FU value due to the addition of heta- 
cillin plasma concentrations to those of ampicillin. 


The average bioavailability estimates from the crossover studies 
in the female subjects can be used for comparison of the relative 
absorption of ampicillin and hetacillin. These data suggest that 
ampicillin i s  better absorbed when given as hetacillin (38%) than as 
ampicillin (29 x). Coadministration of food with hetacillin appears 
to enhance ampicillin absorption slightly (42oJ,). The individual 
data values are somewhat variable, and Subject 4 showed essentially 
constant absorption of ampicillin in the three studies. This tended to 
offset the increases in absorption found with the other three female 
subjects. No difference can be seen in the limited data reflecting 
bioavailability in male versus female subjects, and overall the eight 
subjects absorbed an average of 32 =t 8 


Dissolution Rates-The small differences in absorption from 
ampicillin and hetacillin capsules may be caused partly by dis- 
solution rate differences. The time for 50% dissolution of ampicillin 
in 0.1 N HCI was 13.4 rt 0.4 min., while that of hetacillin was 19.3 
2.0 min. (five and three determinations, respectively). This may 
account for the slight delay in onset of hetacillin absorption com- 
pared to  that of ampicillin (Table IV). 


of the dose of ampicillin. 


Table V-Bioavailability of Ampicillin and Hetacillin from Gelatin Capsules" 
~~~ ~ ~ 


-Ampicillin: Fasting-. -Hetacillin : Fasting- -Hetacillin: With Food- -Ampicillin: Fasting- 
Subject Fu FA Fu FA Fu FA Subject Fu 


I 0.320 0.303 0.396 0.318 0.516 0.476 5 0.281 
2 0.235 0.274 0.468 0.442 0.485 0.510 6 0.210 
3 0.306 0.317 0.433 0.382 0.518 0.394 7 0.405 
4 0.306 0.2S5 0.299 0.289 0.195 0.281 8 0.462 
Mean 0.293 0.378 0.422 5-8 0.340 


1-8 0.316 


a Calculation methods: Fu = urinary recovery ratio (Eq. 18). and FA = plasma area ratio (Eq. 19). 
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DISCUSSION 


Ampicillin Elimination-The elimination of ampicillin from the 
body primarily involves renal excretion, since about 90% of an 
intravenous dose of ampicillin or hetacillin appears in the urine 
unchanged. A similar value was found previously by Dittert ct al. 
(21) in normal subjects. The remaining portion of the dose is elimi- 
nated by metabolism and biliary excretion. The occurrence of biliary 
excretion of urnpicillin in man was confirmed by Mortimer P t  a/. 
(22). who detected the antibiotic in the bile of patients. Although the 
fraction of the dose excreted in the bile was not determined, entero- 
hepatic cycling of a small amount of ampicillin is thus possible. 


The susceptibility of ampicillin to i/i vico metabolism or degrada- 
tion was demonstrated in the rat by Kind e t  ul. (23) using 3 5 s -  


labeled ampicillin, but the apparent metabolite of ampicillin in 
man has not been identified. It was previously suggested on the 
basis of indirect evidence (8) that a-aminobenzylpenicilloic acid 
could be the degradation product. (3-Lactamase enzymes are nor- 
mally present in bacteria of the GI tract (24), and at  least three 
other penicillins are known to yield their penicilloic acid derivatives 
in urine (25). However, the time course of plasma metabolitc levels 
shown in Fig. 1 indicates that tlie apparent metabolite is eliminated 
more slowly than is ampicillin. Since thc degree of human serum 
albumin (4 g. z) binding of a-aminobenzylpenicilloic acid was found 
to be only 9 & 2.x. slow elimination caused by strong protein bind- 
ing is ruled out. Additional studies (unpublished) in rats have shown 
that ampicillin and a-aminobenrylpenicilloic acid have very similar 
elimination half-lives, and it therefore appears unlikely that the 
latter is the nictabolite. Studies of the transformation product of 
ampicillin in the rat were carried out recently by Nishida et crl. (26). 
In agreement with the results of the present study, the transforma- 
tion product was found in greatest relative concentration in the 
serum of the rat and was retained in the body longer than ampicillin. 
Further identification of this metabolite would !x of interest since its 
slow elimination may lead to accumulation during mtiltiple dosing. 


Hetacillin Elimination-Since hetacillin itself is not bactericidal, 
an essential consideration in its clinical use is whether all of the 
dose is converted to ampicillin in ciro. Because of its rapid rate of 
hydrolysis, it was not feasible to assay unchanged hetacillin in the 
urine. However, the evidence indicates that most, if not all, of tlie 
hetacillin is converted to ampicillin in the central compartment. 
Extrarenal elimination of appreciable hetacillin is ruled out by the 
urinary recovery of the same fraction of the dose whether ampicillin 
or hctacillin is injected (Table Ill). Negligible renal excretion of 
hetacillin is suggested by the renal clearances of total antibiotic 
(ampicillin + hetaciilin), which are substantially less than renal 
clearances of ampicillin aloiie (Table 11). The strongest evidence 
is the excellent fit of the urinary excretion rate data to the phar- 
macokinetic model when it was assumed that renal excretion of only 
ampicillin occurs (Scheme I1 and Fig. 3). If  renal excretion of both 
compounds occurred, then it would not be possible to  fit both the 
early and the late urinary excretion rate data with the dcviscd 
pharmacokinetic model. 


The rate at  which hetacillin converts t o  ampicillin i s  somewhat 
greater i/i ~ i c o  than has been found in r i m .  A conversion half-life 
for hetacillin hydrolysis in citro has been found to be about 25 min. 
both in  pH 7 buffered solution ( I )  and in plasma (2) at 37". At 4', 
the half-life in plasma increases to more than 4 hr. and thus freezing 
freshly drawn plasma samples stabilizes hetacillin somewhat (2). 
The in uico half-life estimates for hetacillin conversion found in the 
present study (average of 11.2 rnin.) are more rapid than, but con- 
sistent with, the previously determined Cz oitro values. This suggests 
that the ;/I u'co mechanism for hetacillin conversion to ampicillin 
does not necessarily require the presencc of drug-metabolizing 
enzymes. 


Effect of Hetacillin on Ampicillin Pharmacokinetics-The dis- 
tribution and elimination parameters of ampicillin formed from 
hetacillin were essentially identical t o  those for intravenous ampicil- 
lin (Table 111). The integral coefficients of the antibiotic were not 
changed (Fig. 4), and all of the dose of hetacillin appeared to  be 
converted itr iiico to ampicillin. Based on these characteristics, the 
use of equimolar parenteral doses of ampicillin and hetacillin 
should be chemotherapeutically equivalent (19). This, in fact, 
appears to be the case since clinical studies with the two compounds 
have produced essentially identical results (3,27). 


The primary eRcct of parenteral iiijcction of hetacillin, therefore, 
is to alter slightly the time course of the central and peripheral 


compartment levels of ampicillin. The average values of the con- 
stants (Table 111) were used with appropriate equations (18) to 
obtain the fractional dose levels shown in Fig. 6 for each compart- 
ment after injection of the two compounds. It can be seen that 
intravenous injection of hetacillin is analogous to  administration of 
ampicillin by a very rapid absorption process. Maximum levels of 
ampicillin in the central compartment are reached at  about 30 min. 
after hetacillin injection. The time course of ampicillin in the periph- 
eral compartment is similar after both compounds, except that 
occurrence of the peak level is delayed by about 30 min. after heta- 
cillin is given. As shown previously by the individual values of the 
integral coeficients, the linear areas under the curves in the cor- 
responding compartments do not differ significantly. The areas for 
the central compaitment in the graph are slightly greater than the 
calculated DI, values because graphical correction is not made 
for the small fraction of protein-bound ampicillin (Eq. 12). 


Claims were made in earlier investigations (6, 7) that parenteral 
hetacillin produces an enhancement of ampicillin plasma levels by 
virtue of a decreased renal clearance. However, as shown by the 
data in Fig. 2 and Table 11, this conclusion can be reached by mis- 
interpretation of the results of nonspecifically assaying hetacillin 
along with ampicillin. When ampicillin and hetacillin are separated 
electrophoretically prior t o  the prolonged microbiological incuba- 
tion, this technical artifact is resolved and the behavior of hetacillin 
and ampicillin formed from hetacillin can be described as shown in 
Fig. 3. Similar precaution must be made in pharmacokinetic eva!ua- 
tion of other ampicillin precursors when the commonly employed 
microbiological assay is invplved. 


Absorption of Ampicillin and Hetacillin-An average of 32 
(ranging from 21 to 46%) of the dose of ampicillin was absorbed 
from the GI tract by tlie subjects of the present study. Although the 
data are limited due to  the small number of subjects, there does not 
seem to  be any difference in ampicillin absorption between the male 
and female subjects. This finding agrees with data of Poole (28) who 
found that in beagle dogs the amphoteric penicillins, unlike others 
such as dicloxacillin and nafcillin, do not exhibit sex differences in 
intestinal absorption. 


The rapid rate and only partial absorption of ampicillin made 
pharmacokinetic characterization of its absorption properties 
difficult. The limited number of data points did not permit direct 
utilization of a two-compartment model, while the intrasubject 
variation in distribution parameters (Table 111 and Fig. 4) precluded 
accurate use of the methods of Loo and Riegelman (29). The day- 
to-day change in elimination also contributed to variation in plasma 
level areas, which probably caused tlie differences in bioavailability 
estimates when comparing the results from the two methods of 
calculation (Table V). The zero-order input function for a one- 
compartment model was, therefore, chosen primarily for curve- 
fitting purposes and to  evaluate differences in the general time course 
of absorption. However, the intestinal absorption of many peni- 
cillins does not occur by simple diffusion (30) and the zero-order 
input function is thus partly consistent with a specialized absorption 
process. 


The results of the present study suggest that ampicillin absorption 
is somewhat better when the antibiotic is administered as hetacillin. 
Of practical importance, the presence of food appeared to enhance 
absorption of the antibiotic in three of the four subjccts. This finding 
agrees with the results of Sutherland and Robinson (4), who found 
that the 6-hr. urinary recovery of ampicillin after a 500-mg. dose of 
hetacillin increased from 32 to  48 of the dose in fasting and non- 
fasting subjects, respectively. 


Tlie literature concerning the comparative absorption properties 
of hetacillin and ampicillin has been conflicting. Sutherladd and 
Robinson (4) as well as Modr and Dvoracek (7) found greater 
urinary recovery of the antibiotic after giving oral ampicillin :n 
comparison with oral hetacillin. Another study by Magni ct a/. ( I )  
showed plasma level areas and urinary recoveries of ampicillin to be 
almost twice as great after ampicillin capsules as compared to  
hetacillin capsules. On the other hand, two additional studies 
demonstrated similar absorption of the antibiotic from ampicillin 
and lietacillin capsules. Kirby and Kind (31) found essentially equal 
plasma level areas of ampicillin after oral doses of ampicillin or 
hetacillin, as did Smith and Hamilton-Miller (3). It thus appears 
that the comparison of the relative degree of absorption from 
ampicillin and hetacillin capsules depends on the particular in- 
vestigation and the commercial products employed. 


Several additional factors may account for differences in ampi- 
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cillin bioavailability among subjects and commercial products. 
Intersubject variability (32), the age of the subjects (33), the presence 
of liver disease (34), and the hqdrate (35) and salt forms (36) of the 
antibiotic are several factors shown to affect ampicillin absorption. 
In general, the bioavailability of different pharmaceutical formula- 
tions of ampicillin should be considered on an individual basis and 
variation of between 20 and 50% absorption can be cxpccted among 
subjects and commercial products. 


Design and Use of Ampicillin Precursors-The rationale for 
designing precursors to ampicillin i s  partially for enhancement of 
GI absorption of the antibiotic. Since only 20-50% of an oral dose 
of ampicillin is absorbed from the GI tract, the potential for im- 
provement of absorption of the antibiotic is considerable. Heta- 
cillin appears to offer a small improvement in absorption of ampi- 
cillin when compared with the ampicillin product tested in the pres- 
ent study. 


The parenteral administration of an inactive precursor is not an 
bi cico therapeutic advantage since a maximum of an equimolar 
amount of active product can be produced and, if the conversion 
rate is not sufficiently rapid, there exists the possibility that elimina- 
tion of the precursor will result in loss of part of the intended dose of 
antibiotic. This appears to occur to a substantial degree with met- 
ampicillin, a condetisation product of ampicillin and formaldehyde, 
which is converted to ampicillin during renal excretion (37). On 
the other hand, if the precursor has some degree of antibiotic 
activity, then its use could considerably enhance the effectiveness of 
the dose of drug. This is of greatest potential importance for anti- 
biotics such as ampicillin which are excreted very rapidly. A major 
pharmaceutical or it7 oitro advantage to use of parenteral precursors 
is that, like hetacillin. they may provide greater chemical stability 
in infusion solutions which are used over extended time periods. 
For example, using the criterion of loss of 10% of microbiological 
activity as an end-point, ampicillin is “stable” for only I hr. while 
hetacillin can be used over a period of 6 hr. in infusion solutions 
(38). 


The assay procedure must be carefully considered in pharma- 
cological evaluation of a precursor of an antibiotic. The non- 
specific type of microbiological procedure which is commonly used 
for most antibiotics requires several hours of incubation of the 
drug with the microorganism (9). This can result in hydrolysis of 
the inactive precursor to active compound, and the assay procedure 
will reveal bactericidal activity irr vitro that exceeds that actually 
prcsent iu aim. Since hetacillin appears to be completely converted 
to ampicillin in the GI tract prior to absorption, reports of relative 
absorption of the two compounds where the nonspecific assay was 
used are probably accuratc. This does not necessarily apply to other 
ampicillin precursors. A separation method of analysis, along with 
employment of the pharmacokinetic approach used in the present 
study, is necessary for clucidation of the actual chemotherapeutic 
value of antibiotic precursors. 
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Determination of Trace Amounts of Glycidol in 
Milk of Magnesia 


EUGENE IVASHKIV a d  JOHN M. DUNHAM' 


Ab&act[7A very sensitive procedure is described to determine 
traces of glycidol in milk of magnesia formulated with 1 x of this 
sterilant. Glycidol is separated from a milk of magnesia-diatoma- 
ceous earth column by continuous extraction with 1,24ichloroeth- 
ane and reacted with 2,4-dinitrobenznesulfonic acid under anhy- 
drous conditions. The resulting ester gives a yellow color with piper- 
azine which is measured in a spectrophotometer. Even traces of 
water ptesent in the reaction mixture interfere with esterification. 
Water is eliminated completely by the addition of 2,2-dirnethoxypro- 
pane. In the presence of 2,4dinitrobenzenesulfonic acid, it reacts 
with water to form methanol and acetone. No glycidol was faund ih 
milk of magnesia samples after 14 weeks of storage a t  room tem- 
perature. Quantitative recoveries were made for 1-27 p.p.m. glycidol 
added to milk of magnesia. 


Keyphrasea 0 Milk of magnesia formulations-separation, analysis, 
glycidol sterilant 0 Glycidol sterilantaeparation, analysis, milk 
of magnesia formulations 0 Colorimetry-analysis, glycidol in milk 
of magnesia formulations 


A method for sterilizing aqueous pharmaceutical 
formulations with glycidol (2,3-epoxy-l-propanol) was 
described by Riffkin and Marcus (1). Because of the 
toxicity of this sterilant, a very sensitive procedure for 
determining traces of glycidol was needed. Such a pro- 
cedure has been developed to monitor milk of magnesia 
formulated with 1 glycidol. 


The colorimetric method described by Urbanski and 
Kainz (2) was selected for investigation because it 
appeared to be sensitive, simple, and selective. Glycidol 
reacts with 2,4-dinitrobenzenesulfonic acid under an- 
hydrous conditions. When the resulting dinitrobenzene- 
sulfonic ester is reacted with piperazine, it gives a yellow 
color which is measured spectrophotometrically. Even 
traces of water present in the reaction tnixture interfere 
with the esterification of glycidol. Urbanski (3) also 
showed that the color intensity depended strongly on the 
water content. It was found in the present investigation 
that water can be eliminated completely durirlg esterifi- 
cation by the addition of 2,2-dimethoxypropane. In 
the presence of acid, it reacts with water to form meth- 
anol and acetone (4). Glybidol is separated from milk of 
magnesia on a diatoniaceous earth column by continu- 
ous extraction with 1,2-dichloroethane prior to its 
colorimetric analysis. 


EXPERIMENTAL 


AppnratPs-Spectral measwements were made in a spectro- 
photometer1. The chromatographic column was 20 cm. long X 1.5 
cm. i.d., equipped with a Teflon stopcock and a 200-rnl. reservoir. 


Reagents and Chemicals-Diatomaceous earth8 (acid washed), 
2,2-dimethoxypropane, anhydrous sodium sulfate, standard 0.1 N 
iodine, standard 0.1 N sodium thiosulfate, 0.25 N acetic acid, starch 


indicator solution', 0.5Z 2,4-dinitrobenzenesdfonic acid in redis- 
tilled dioxane (prepared fresh daily), 2.5x piperazine in dimethyl- 
fwmamide, and redistilled and washed 1.2-dichloroethane were 
used. The dichloroethane is distilled at  atmospheric pressure and 
washed successively with 1 N hydrochloric acid, 1 N sodium hy- 
droxide, and dhtilled water until the final wash is neutral to phenol- 
phthalein. The dichloroethane is washed the day it is used. 


Preparation of Stmdmd-Assay-Weigh about 60 mg. of glycidol 
into a 125-ml. conical flask. Pipet 25 ml. of standard 0.1 N sodium 
thiosulfate solution and 5.0 ml. of 0.25 N acetic acid into the flask 
arid mix. Incubate the solution in an oven at  70" for 15 min. Cool 
the sample in an ice bath. Add 5 ml. of starch indicator solution, 
and titrate with standard 0.1 N iodine solution to a blue end-point. 
Calculate purity from the amount of thiosulfate consumed by the 
glycidol. 


Dilution-Weigh about 60 mg. of glycidol of known purity into a 
100-ml. volumetric fl&. Dilute to volume with redistilled and 
freshly washed 1.2dichlorcethane. 


Asmy RocedueSepatwtion-Plae a glass-wool plug at the bot- 
tom of the chtomatographic column, and pack with 20 g. of anhy- 
drous sodium sulfa&. Accurately weigh about 5.5 g. of milk of mag- 
nesia into a 100-ml. beaker. Add 5 g. of diatomaceous earth and mix 
with a spatula. Transfer in portiods to the column, gently compres- 
sing each time with a tamping rod. 


Wash the beakei with 20 ml. of distilled and freshly washed di- 
chloroethahe and transfer to the column. AUow the solvent to pass 
by gravity into a 2 S m l .  separator. Add more distilled and freshly 
washed dichloroethane, and elute glycidol from the column by a posi- 
tive pressure of about 2 psig. until 135 ml. of totaleluate is collected. 


Pipet 2 ml. of the diluted glycidol standard solution into a second 
250-ml. separator containing 133 ml. of the distilled and freshly 
waslid ilichtoroethane. Add 135 ml. of the dichloroethane to a third 
250-ml. separator to serve as a blank. 


fiterificotion-To each separator, add S ml. of 2,2-dimethoxy- 
propane and d x ,  Add 25 inl. of 2,4-dinitrobenzenesulfonic acid solu- 
tion and again mix. After 5 min., add 50 ml. of 1 N hydrochloric acid 
and shake €or 1 min. Tradsfer the lower dichloroethane layer into 
another 250-ml. separator. Wash the acid aqueous layer with 25 ml. 
of dichloroethane for 30 sec.!, and transfer the lower layer into the 
separator containing the original dichloroethane solution. Wash 
the combined dichloroethane with 50 ml. of 2% sodium bicarbonate 
solution for 1 min. 


Filter the bottom dicliloroethane layer through anhydrous sodium 
sulfate into a 200-ml. volumetric flaSk, Wash the sodium bicarbon- 
ate solution with 25 ml. of dichloroethane and filter into the volu- 
mettic flask. Wash the sodium sulfate with dichloroethane, dilute 
to volume, and mix. 


Color Development-Pipet 5 ml. df sample, 5 ml. of standard, and 
5 ml. of the blank into 17Smm. test tubes. Pipet 2 ml. of the 2.5 
piprazine solution into each tube and mix. After 10 min., measure 
the absorbance of the sample and standard in 1-cm. cells at the 
3Wnm. maximum with the blank in tht reference cell. 


If the sample absorbance reads over 1 .O, dilute aliquots of both the 
sample and the blank from the 200-ml. flasks with dichloroethane. 
If the reading id low or if no reading is obtained, transfer the sample 
and blank solutions to 500-ml. round-bottom flasks and evaporate 
to dryness. Use a rotatihg vacuum evaporator and a water bath with 
a temperature up to 70" to speed the evaporation. Add dichloroeth- 
ane to produce a concentration of about 3 mcg. glycidol/ml. 


React 5.0-ml. aliquots of both blanks (diluted or concentrated 
and undiluted), the adjusted sample, and the standard with 2.0 ml. of 
the piperazine solution. After 10 min., measure the absorbance of 


1 Beckman DU. 
* Celite 545. a Fisher. 
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Table I-Effect of Piperazine Concentration on Color Intensity Table IV-Decomposition of Glycidol in Milk of Magnesia 
~ ~~~~ ~~ ~ ~~ 


d l y c i d o l ,  mg./g.- 
storage, Room Temperature 


days (about 25") 40" 
Piperazine Concentration in 


Dimethylformamide, % Absorbance 


5 
4 9.91 


8.56 
7.00 
5.92 


10.02 
8.54 
4.88 
2.37 
0.62 


Initial 
1 
4 
7 


0.920 
0.800 
0.800 


3 
2.5 
1 
0.5 


0.310 
0.055 14 


21 


35 
42 


28 


4.68 
3.2i 
2.13 
1.62 
1.08 


0.20 
0.034 
O.OO0 
O.OO0 Table II-Elution of Glycidol from Diatomaceous Earth (5.5 t& of 


Milk of Magnesia plus 5.0 g. of Diatomaceous Earth) 49 
56 


0.74 
0.58 
0.44 
0.27 
0.153 
0.024 
O.OO0 


._ 


63 
70 
71 


25-ml. Dichloroethane 
Fractions 


GI ycidol 
Eluted, % 


84 
93 39 


26 
17 
11 
7 


6 0 chloride, and chloroform, as well as dichloroethane. Very little ester 
is formed in ether or carbon tetrachloride. The reaction does not 
proceed in butanol. 


Even traces of water interfere with the esterification. Drying di- 
chloroethane extracts of glycidol with anhydrous sodium sulfate, 
calcium chloride, or magnesium sulfate before adding the dinitro- 
bemnesulfonic acid gave slightly higher absorbance values than 
those for undried solutions. But results were low compared with 
2,Z-dimethoxypropane-treated samples and varied from run to run. 
Previous investigators (4) used hydrochloric acid to catalyze the re- 
action of water with dimethoxypropane. In this procedure, the 2,4- 
dinitrobenzenesulfonic acid Serves as both catalyst and colorimetric 
reagent. 


The concentration of 2,4-dinitro~nzenesulfonic acid is important. 
About 150 mcg. of glycidol was reacted with various concentrations 
of the reagent in dioxane. A maximum absorbance was found be- 
tween 0.1 and 0.5 %. The higher concentration of reagent was selected 
to compensate for its consumption by impurities in solvents or sam- 
ples, Colored products formed from impurities encountered in this 
laboratory were removed from the dichloroethane solution by later 
acidic and basic washes. 


Absorbance readings of an unwashed blank solution increase 
with time. Fortunately, the absorbance of the blank is nearly elim- 
inated by successive washings with 1 N hydrochloric acid and 2% 
sodium bicarbonate solutions. The reaction product of glycidol and 
2,4-dinitrobemnesulfonic acid is not extracted with these washes. 
After the aqueous washes, sample volumes can be reduced to increase 
the sensitivity of the method. The reaction product is a nonvolatile 
solid, and its dichloroethane solutions are stable at room tempera- 
ture for a t  least 1 month. Because of this stability, the standard and 
blank solutions can be kept a t  room temperature and used as needed. 


The concentration of piperazine for color development is impor- 
tant. Color intensity increases with the concentration of piperazine, 
as shown in Table I. Because the intensity of color depends on the 
concentration of piperazine, the 2 ml. of piperazine solution is added 
by pipet in the Color Development step of the procedure. 


Solutions of the reaction product of glycidol with 2,4-dinitro- 
bemnesulfonic acid and piperazine follow Beer's law. A solution 
containing 1 mcg. of glycidol/ml. had an absorbance reading of 
0.142. 


Separation from Mllk of Magnesh-Glycidol can be extracted 
from milk of magnesia with rnethylene chloride, dichloroethane, 
chloroform, ether, and other solvents. About eight 25-ml. portions 
of these solvents are needed to extract glycidol completely from 5 ml. 
of milk of magnesia in a separator. Since this extraction is tedious, 
continuous elution of glycidol from a diatomaceous earth column is 
used. As shown in Table 11, 125 ml. of dichloroethane is needed 
for complete elution of glycidol. 


Recovery-Various amounts of glycidol were added to milk of 
magnesia and subsequently assayed. Results are summarized in 
Table 111. 


Stability--Samples of milk of magnesia were sterilized with 1 
glycidol and stored at room temperature (about 25") and 40". The 
decrease in the glycidol concentration is shown in Table 1V. 


these four solutions versus dichloroethane in the reference cell. Sub- 
tract the absorbance of the adjusted blank from that of the adjusted 
sample and the reading of the undiluted blank from the standard 
reading. 


Calculate the quantity (micrograms of glycidol per gram of milk 
of magnesia) by the formula (A. - BJA. - B,)(W, X P / W J  
(Vp/V1)20, where A, and A, are the absorbances of the sample 
and standard solutions, respectively, and B, and B, are the absorb- 
ances of their respective blanks (if the sample was diluted or concen- 
trated); W, is the weight, in milligrams of the standard glycidol, and 
P is the purity of the standard (%/loo); W. is the weight, in grams of 
the milk of magnesia sample; VF is the final volume, in milliliters of 
the dildted or concentrated sample; and Vx is the volume of sample, 
in milliliters taken initially for dilution or concentration. 


RESULTS AND DISCUSSION 


Clycidol Purity-Leary's (5 )  procedure for determining oxiranes 
with sodium thiosulfate was investigated for assaying the purity of 
glycidol. Reaction between glycidol and thiosulfate is quantitative 
under the conditions described in the procedure under Preparation of 
Standard. To verify this, glycidol was purified by solvent extraction 
from an aqueous solution into ether (6). The purity of this sample 
was 99.0% or greater, with a two- or threefold equivalent excess of 
sodium thiosulfate to glycidol. With a 1.5-fold excess of thiosulfate, 
only 95% of the glycidol reacted. Reactiod of glycidol and thiosul- 
fate was dependent on both time and temperature. Samples were 
heated in a 70" oven for lO,lS,and 30min.; 15 min. was needed for 
completion of the reaction. Four replicate assays of one glycidol 
sample, using the recommended procedure, gave results varying from 
91.0 to91.4%. 


Chemistry of Method-Reaction of glycidol with 2.4-dinitroben- 
zenesulfonic acid to yield an ester proceeds in dioxane, methylene 


TaMe 111-Recovery of Glycidol from Milk of Magnesia 


Dichloro- 
Added ethane 


Glyadol, Final 
mcg.0 Volume, ml. Absorbance Recovery, 


146.2 
97.4 


200 0.940 99.5 


h i - i  . 
24.4 
4.87 
0 


Standard 
(97.4) 


- 20 0 


200 0.630 - 
4 Added to 5.5 g. of milk of magnesia. 
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P H A R M A C E U T I C A L  TECHNOLOGY 


Mechanism of Action of Starch as a Tablet Disintegrant VI: 
Location and Structure of Starch in Tablets 


WERNER LOWENTHAL’ and JOHN H. WOOD 


Abstract 0 By using a scanning electron microscope. the location 
and structure of starch grains in experim’ental and commercial 
aspirin tablets and aspirin-phenacetin-caffeine tablets were 
studied. By scrutinizing tablet faces and cross sections before and 
after the addition of water, it was observed that rupture of the sur- 
faces occurred where starch agglomerates were found. It was postu- 
lated that water hydrates the hydroxy groups of the starch molecules, 
causing them to move apart. The slight swelling that occurs is due 
to the rapid hydration step and a slower sorption of addition water 
step. Channels or pores lined with starch were not evident. The 
conditions for rapid tablet disintegration are sufficient starch 
agglomerates, low pressure, and presence of water. 


Keyphrases 0 Starch as tablet disintegrant-location, structure in 
aspirin and aspirin-phenacetin-caffeine tablets, scanning electron 
microscope 0 Aspirin, aspirin-phenacetin-caffeine tablets-loca- 
tion and structure of starch, scanning electron microscope 0 
Tablets, aspirin, aspirin-phenacetin-caffeine-location and struc- 
ture. of starch, scanning electron microscope 0 Scanning electron 
microscopy-location, structure of starch in aspirin and aspirin- 
phenacetin-caffeine tablets 0 Disintegrants-mechanism of action 
of starch in aspirin and aspirin-phenacetindeine tablets, location 
and structure of starch agglomerates, conditions for rapid disinte- 
gration 


Previous study has shown that corn and waxy maise 
starch grains plastically deform and that this deforma- 
tion increases with increasing ’pressure. The addition 
of water has no apparent effect on this deformation 
(1, 2). Potato starch grains also have been shown to 
deform (3). It was also previously observed that when 
a small amount of moisture was added to corn and 
waxy maise starch tablets, a “blistering” effect and 
disruption of the moistened area occurred. Moisture 
did not cause the individual grains to regain their shape 
(1). 


It is not practical to attempt to measure a change 
in volume due to the addition of moisture by the scan- 
ning electron microscope, because sample preparation 
for the scanning electron microscope involves the use of 
a vacuum which would remove the moisture and the 
sample is coated with a thin layer of a conductor of 
carbon and gold. When conductor layering was com- 
pared to an electrostatic method of sample preparation, 
similar results were obtained so that the scanning elec- 
tron photomicrographs show a true picture of the sur- 
faces (4). 


The purpose of this investigation is to show the 
location of and the structure formed by the starch grains 
in experimental and commercial aspirin tablets and 
aspirin-phenacetin-caffeine tablets. The effect of mois- 
ture on these tablets is also shown. 


EXPERIMENTAL 


Tablets weighing 0.5 g. were compressed using l.27-cm. (0.5- 
in.) diameter flat-face punches and die. Aspirin’ was sieved to 
obtain 40-50- and 70-100.mesh crystal fractions. These fractions 
were mixed with starch* to give 2.5, 5,  7.5, 10, 12.5, and 15% 
(w/w) starch concentrations. The ingredients were mixed by 
tumbling. Tablets were made by compression at 10,OOO psig. on 
a hydraulic laboratory press’ with special holders for the punches 
and die. An aspirin-lO% starch granulation4, 12-50 mesh, was 
also used. Tablets from the commercial granulation were made by 
compression at 2uw) psig. At higher pressures the tablets appeared 
to be impervious to wata  and did not disintegrate. For the photo- 
micrographs only, the 40-50-mesh aspirin with 2.5 and 10% 


1 Catalog No. A42, lot 752285. Fisher Scientific Co. 
2 STR-Rx. A. E. Staley Manufactunng Co. 
a Model B. Fred S. Carver, Inc., Hydraulic Equipment. 
4 Lot QM-18, Monsanto Chemical Co. 
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Adsorption of Nonionic Surfactants on 
Sulfathiazole and Naphthalene and Flocculation-Deflocculation 
Behavior of These Suspensions 


A. OTSUKA', H. SUNADA, and Y. YONEZAWA 


Abstract 0 The adsorption of polyoxyethylated nonyl-phenols 
and octyl-phenols, having different polyoxyethylene chain lengths, 
on sulfathiazole and naphthalene was studied. Adsorption iso- 
therms for these surfactants on sulfathiazole are Sshaped, and the 
adsorption amounts at saturation were greater than those for the 
closest packing at the air-solution interface. These results suggest 
that some multilayer adsorption or aggregate formation on the 
surface of solid occurred above a certain concentration. In the case 
of naphthalene, all isotherms are of the Langmuir type and the 
areas per molecule calculated from the saturation adsorption were 
found to be considerably larger than the values for the air-solution 
interface. It is likely that the hydrocarbon chains adhere to the sur- 
face of naphthalene, lying flat, while the polyoxyethylene chains 
are directed toward the solution. Flocculation-deflocculation 
measurements for both systems were carried out by the sedimenta- 
tion volume method, and the results support the adsorption mech- 
anisms described. 


Keyphrases 0 Polyoxyethylated octyl- and nonyl-phenols-ad- 
sorption on sulfathiazole and naphthalene, flocculation-defloccula- 
tion behavior of suspensions 0 Surfactants, nonionic-adsorption 
on sulfathiazole and naphthalene, flocculation-deflocculation be- 
havior of suspensions 0 Adsorption of polyoxyethylated octyl- and 
nonyl-phenols on sulfathiazole and naphthalene-adsorption iso- 
therms, flocculation-deflocculation behavior 0 Sulfathiazole- 
adsorption behavior of polyoxyethylated octyl- and nonyl-phenols 0 
Naphthalene-adsorption behavior of polyoxyethylated octyl- and 
nonyl-phenols 0 Flocculation-deflocculation behavior-suspen- 
sions of polyoxyethylated octyl- or nonyl-phenols and sulfathiazole 
or naphthalene 


Many surfactants are capable of affecting the state of 
dispersion of powder particles in suspension. To ex- 
amine the mechanism of action of surfactants in floccu- 
lation-deflocculation phenomena, it is desirable to in- 
vestigate the adsorption of surfactants on powders. 
Several workers have studied the adsorption behavior 
and/or the dispersing action of nonionic surfactants. 
The adsorption of polyoxyethylated alkyl-phenols on 
sand and of ethylene oxide-propylene oxide conden- 
sates on quartz has been reported (1, 2). Kuno and 


Abe (3) reported the adsorption of polyoxyethylated 
nonyl-phenols on calcium carbonate and carbon black 
from both aqueous and cyclohexane solutions. The 
adsorption of nonionic surfactants by textile fibers was 
studied by Weatherburn and Bayley (4), Nemoto and 
Miwa (9, and Schott (6). 


Corkill et al. (7) studied the adsorption of polyoxy- 
ethylene glycol monoalkyl ethers on graphon at differ- 
ent temperatures and obtained the adsorption isotherms. 
They also measured the heats of adsorption calori- 
metrically. Other investigators (8, 9) commented on the 
influence of the adsorption of polyoxyethylene glycol 
monoalkyl ethers on the stability of silver iodide and 
polystyrene latex sols. In most of these studies, the 
adsorbents examined were inorganic compounds or 
polymers. Only a few workers have performed this kind 
of study using pharmaceutical or organic powders. The 
adsorption of polyoxyethylated nonyl-phenol on sul- 
famines (10) and of several nonionic surfactants on 
griseofulvin (1 1) has been reported. 


The purpose of this work was to investigate the ad- 
sorption of nonionic surfactants on some organic 
powders and to find a certain relation between the 
flocculation-deflocculation behavior of these suspen- 
sions and the adsorption results. The surfactants used 
were polyoxyethylated nonyl-phenols and octyl-phenols. 
Sulfathiazole (polar compound) and naphthalene 
(nonpolar) were selected as adsorbents. 


EXPERIMENTAL 


Materials-Series of polyoxyethylated nonyl-phenols and octyl- 
phenols were prepared by repeated distillation of commercial 
products'. The average polyoxyethylene chain lengths were deter- 
mined from their hydroxyl values. Table I gives the CMC and 


1 Nippon Nyukazai Co. Ltd.. Tokyo, Japan. 
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Table I - C M C  and Close-Packed Areas a t  the Air-Solution 
Interface for the Surfactants Used 


Area per 
Molecule 
a t  Air- 
Solution 


CMC X 10' Inteflace, 
Surfactant moles/l. A' 


~~~~~ 


Polyox yethylated 


Polyoxyethylated 


Pol yox yethy lated 


Polyoxyethylated 


Polyoxyethylated 


Polyox yeth ylated 


Polyoxyethyla ted 


nonyl-phenol-5.8" 


nonyl-phenol-6.6 


nonyl-phenol-8.5 


nonyl-phenol-9.8 


nonyl-phenol-1 I .7 


octyl-phenol-7.7 


octyl-phenol-9.7 


~ 


0.25 39 


0.4 44 


0.4 53 


0.6 61 


0 .8  62 


2.7 59 


3.4 65 


a Numbers indicate the average polyoxyethylene chain length. 


average cross-sectional areas per molecule at the airsolution 
interface obtained from the data of surface tension using a tensiom- 
eter*. These values are in fair agreement with those in the 
literature(3, 12,13). 


Sulfathiazole* (JP VII) was finely ground and dried before use. 
Naphthalene was recrystallized from ethanol and then ground. 
The specific area for sulfathiazole was determined by the Brunauer- 
Emmett-Teller method with nitrogen adsorption and by gas- 
phase' and liquid-phase permeametry (14) to give 0.50 m.z/g. for 
sulfathiazole-A and 0.46 m.a/g. for sulfathiazole-B. Neither the 
nitrogen adsorption method nor gas-phase permeametry was ap- 
plicable to naphthalene because the reproducibility of the data was 
poor. The value obtained by liquid-phase permeamtry was 0.34 
rn.'/g. 


Procedure--To 2.5 g. sulfathiazole or 5.0 g. naphthalene in a 
stoppered flask was added 50 ml. of surfactant solution. The flasks 
were shaken in water bath at 25" for 24 hr., after which the suspen- 
sions were centrifuged quickly. The equilibrium concentration for 
the supernate was determined by the cobalt blue method (IS). The 
amount of surfactant adsorbed was calculated from the difference 
in the concentrations before and after adsorption. 


The flocculation-deflocculation characteristics of suspensions 
were evaluated by the sedimentation volume method. A 2.5-g. 
sample of the test powder and 50 ml. of surfactant solution were 


X- F n  E I &/ 
- T d  a 


0 1 2 3 4 5 6 
EQUILIBRIUM CONCENTRATION, moles/l. X lo4 


- 
Figure 1-Adsorption isotherms for polyoxyethylated nonyl-phenols 
and polyoxyethylene glycol 400 on sulfathiazole. Key (aoerage poly- 
oxyethylene chain lengths of polyoxyethylated nonyl-phenol): 0, 
5.8; X , 6.6; A, 8.5; @, 9.8; 0, 11.7; wid a, polyoxyethylene glycol 
400. 


DuNouy. 
a Sankyo Co. Ltd.. Tokyo, Japan. 
'The instrument was prepared by Shimazu Seisakusho Ltd., Kyoto, 


Japan. 


0 1 2 3 4 5 6 
EQUILIBRIUM CONCENTRATION, moles/l. x 104 


Figure 2-Adsorption isotherms for polyoxyethylated octyl-phenols 
on sulfathiazole. Key (awrage polyoxyethylene chain length of 
polyoxyethylated octyl-phenol): 0,7.7; and X, 9.7. 


placed in a graduated test tube, which was shaken at  25" for 24 hr. 
and subsequently allowed to stand for an hour; the sedimentation 
volume was then measured. There was no appreciable change in 
the general tendency of the sedimentation volume even after stand- 
ing overnight. 


RESULTS AND DISCUSSION 


Figures 1 and 2 show the adsorption isotherms of polyoxyethyl- 
ated nonyl-phenols and octyl-phenols on sulfathiazole, respectively. 
All isotherms are nearly S-shaped; i.e., the amount of adsorption 
is found to be less in the low concentration region and rises rapidly 
as the concentration increases, and then a plateau is reached at  a 
concentration slightly above the CMC in solution. 


Nakagaki et ul. (10) reported the adsorption of polyoxyethylated 
nonyl-phenol on sulfamines, but the adsorption behavior at low 
concentrations of the surfactant remains unanalyzed. Kuno and Abe 
(3) demonstrated that the adsorption isotherms of polyoxyethyl- 
ated nonyl-phenols, having five to six ethylene oxide units, on cal- 
cium carbonate from aqueous solution are S-shaped and that the 
areas per molecule calculated from the saturation adsorption are 
smaller than the values obtained at the air-solution interface. They 
considered that the adsorbed surfactant is not in the state of in- 
dividual molecules but is in the state of micelles. However, as 
Mathai and Ottewill(9) pointed out, it may be misleading to assume 
that the aggregate on the solid-solution interface has the same form 
as the micelles in bulk solution. Somasundaran er al. (16, 17) 
found that the adsorption bf ionic surfactants on quartz and alu- 
mina increased markedly at a certain critical concentration less than 
that required for the micelle formation in the bulk solution. These 
workers concluded that this abrupt change in adsorption is due to 
the association of adsorbed surfactant ions to form two-dimensional 
aggregates or "hemimicelles" at the solid-solution interface. 


The areas per molecule obtained from the saturation adsorption 
of polyoxyethylated nonyl-phenols and octyl-phenols on sulfathia- 
zole are listed in Table 11. From these values and the shape of the 


Table If-Areas per Molecule at the Solid-Solution Interface 
Calculated from the Saturation Adsorption 


~ ~ 


Area per Molecule, A:, Solid 
Surfactant Sulfathiazole Naphthalene 


Polyoxyethylated 24 I 1 0  


Polyox yethy lated 26 I10 


Polyoxyethylated 42 120 


Polyoxyethy lated 48 120 


Polyoxyet hylated 60 130 


Polyox ethylated 29 I80 


Polyoxyethylated 40 280 


nonyl-phenol-5. 8a 


nonyl-phenol-6.6 


nonyl-phenol-8.5 


nonyl-phenol-9.8 


nonyl-phenol-1 I . 7  


octylphenol-7.7 


octyl-phenol-9.7 


0 Numbers indicate the average polyoxyethylene chain length. 
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Figure 3-Sedimentation volume of sulfathiazole in the presence of 
polyoxyethylated nonyl-phenols. Key (average polyoxyethylene 
chain length of polyoxyethylated nonyl-phenol): 0, 5.8; X , 6.6; A, 
8.5; 0,9.8;ando, 11.7. 


$ 0  I 
CONCENTRATION, rnoles/l. X l o 4  


adsorption isotherms, it is apparent that some multilayer adsorp- 
tion or aggregate formation occurs on the surface above a certain 
concentration. 


Flocculation-ddocculation measurements should be useful in 
the study of the behavior of surfactants a t  the solid-solution inter- 
face. Figures 3 and 4 show the sedimentation volume for sul- 
fathiazole in the presence of polyoxyethylated nonyl-phenols and 
octyl-phenols, respectively. It is well known that, in coarse. suspen- 
sions, completely deflocculated particles give a small sedimentation 
volume as they settle and flocculated ones tend to form a loose 
structure of large volume. In all cases in the present experiments, 
the sedimentation volume was large in the very low Concentration 
region and fell gradually as concentration increased. Furthermore, 
maximum ease of transfer from the aqueous to the benzene phase 
was found at the concentration where a maximum in the sedimenta- 
tion volume was observed. It seems likely, therefore, that initially 
surfactant molecules are adsorbed nearly flat with polyoxyethylene 
chains attached to the surface of sulfathiazole, which renders the sur- 
face more or less hydrophobic. With an increase in concentration, 
the surface aggregation of the surfactant molecules will be initiated 
before a close-packed monolayer of vertically orientated molecules 
is completed. Since most of the polyoxyethylene chains in such 
aggregates are supposed to be exposed to the aqueous phase, the 
surface of sulfathiazole will become hydrophilic. 


The contribution of polyoxyethylene chain length to the adsorp- 
tion of the surfactants on sulfathiazole is remarkable. Table I1 
indicates that the degree of close-packing of molecules at the satura- 
tion adsorption becomes greater as the polyoxyethylene chain 
length decreases. This is in accordance with the works of Corkill 
et d. (7)  and Elworthy and Guthrie (1 1). In the case of polyoxyethyl- 
ated nonyl-phenol-11 .P, the area per molecule a t  the solid-solution 


0 
0 2 4 6 a 10 


Figure &Sedimentation volume of sulfathiazole in the presence of 
polyoxyethylated octyl-phenols. Key (average polyoxyethylene chain 
length of polyoxyethylated octyl-phenol): 0. 7.7; and X, 9.7. 


CONCENTRATION, rnoles/l. X 10' 


I Number indicates the average polyoxyethylene chain length. 


1.5 
4 
X .. 
E 
f 1.0 


E 
0)  - 


i l l l l , L  n 
a 


0 
0 1 2 3 4 5 
EQUILIBRIUM CONCENTRATION, rnoles/l. X 10' 


Figure 5-Ahorption isotherms for polyoxyethylated nonyl-phenols 
(A)  and octyl-phenols ( B )  on naphthalene. Key (A-awrage poly- 
oxyethylene chain length of polyoxyethylated nonyl-phenol): 0, 5.8; 
X, 6.6; A, 8.5; Q9.8; and cI,11.7. Key (B-awragepolyoxyethylene 
chain length ofpolyoxyeihylated octyl-phenol): 8, 7.7; und 9 ,9 .7 .  


interface is rather close to the value at  the air-solution interface, so 
that it is possible to assume a close-packed monolayer. But it would 
be more reasonable to assume that some aggregate formation also 
occurs at the surface of the solid, although the tendency is less than 
in the cases of the surfactants containing shorter polyoxyethylene 
chains. 


The results of the sedimentation volume measurements in the 
high concentration region simply reflect the adsorption results; 
i.e., the sedimentation volume decreases with a decrease in poly- 
oxyethylene chain length. On the other hand, at low concentrations, 
there seems to be no simple correlation between the sedimentation 
volume and the polyoxyethylene chain length. This may be due to 
the following two effects which counteract each other: (a) the 
smaller the hydrophilic group, the higher the magnitude of surface 
aggregate formation, and (b) the larger the hydrophilic group, the 
greater the steric stabilization against flocculation. 


Although there was no essential difference between polyoxyethyl- 
ated nonyl-phenols and octyl-phenols in the adsorption behavior 
onto sulfathiazole, the adsorption rise. for polyoxyethylated octyl- 
phenols with an increase in concentration was slower than that for 
polyoxyethylated nonyl-phenols. This would be consistent with the 
fact that the values of the CMC for polyoxyethylated octyl-phenols 
are much larger than those of nonyl-phenols. Reflecting the ad- 
sorption results, the deflocculating action of polyoxyethylated 
octyl-phenols on sulfathiazole occurs at higher concentrations com- 
pared with polyoxyethylated nonyl-phenols. 


The adsorption behavior and the deflocculating action of the 
surfactants on naphthalene seem to be simple, unlike sulfathiazole. 


0 
0 1 2 3 4 5 6 


Figure &Sedimentation volume of naphthalene in the presence of 
polyoxyethylated nonyl-phenols. Key (awrage polyoxyethylene 
chain length of polyoxyeihylated nonyl-phenol): 0, 5.8; X , 6.6; A, 
8.5; 0 ,9 .8 ;  andn, 11.7. 


CONCENTRATION, rnoles/l. X 10' 
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As shown in Fig. 5,  all isotherms are of the Langmuir type. Each 
curve starts from the origin and the amount adsorbed reaches a 
saturation value at or close to the CMC in solution. The areas per 
molecule calculated from the saturation adsorption were consid- 
erably larger than the values for the air-solution interface and were 
also larger than the dimensions of the hydrocarbon part of the 
molecule given by a molecular model. With an increasing polyoxy- 
ethylene chain length, the value of saturation adsorption decreases, 
but this trend is not so evident as compared with sulfathiazole. 


Figure 6 presents the sedimentation volume of naphthalene in 
the presence of polyoxyethylated nonyl-phenols. At very low con- 
centrations, naphthalene was only slightly wet by water and some 
portions of it floated, so measurement of the sedimentation volume 
was difficult. The sedimentation volume rapidly decreased with an 
increase in concentration and a highly deflocculated state was 
reached. The deflocculating action of the surfactants was not so 
influenced by the polyoxyethylene chain length. 


It is likely, therefore, that the hydrocarbon chains of the sur- 
factant molecules adhere to the surface of naphthalene and are 
lying flat, while the polyoxyethylene chains are directed toward 
solution. 
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Isosorbide Dinitrate in Human Plasma 
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Abstract 0 A procedure is described for the identification and 
quantitative determination of nitroglycerin and isosorbide di- 
nitrate in plasma. The nitrates are extracted from plasma with 
ethyl acetate and measured by GLC with electron-capture detection. 
Quantitation is done using an internal standard. The lower limit of 
sensitivity for both substances is around 0.5 ng./ml. Results ob- 
tained with this method in humans are given. 


Key phrases 0 Nitroglycerin-identification, GLC-electron-capture 
analysis, human plasma 0 lsosorbide dinitrate-identification, 
GLC-electroncapture analysis, human plasma 0 GLC-electron- 
capture detection-identification, analysis, nitroglycerin and iso- 
sorbide dinitrate in human plasma 


Knowledge of the metabolic fate of the antianginal 
organic nitrates in man is hampered by a lack of sensi- 
tive analytical methods; attempts to measure plasma 
levels in man by colorimetric methods after administra- 
tion of these nitrates were clearly unsuccessful (1, 2). 
The use of labeled substances has allowed the detection 
of small amounts of pentaerythritol tetranitrate in man 
(3, 4); for nitroglycerin and isosorbide dinitrate, the 
labeled compounds have been used in animals only 
(5-8). 


The present authors previously described a OC 
method for the separation and identification of different 
organic nitrates in the nanogram range, using electron- 
capture detection (9). Only incomplete data about 
electron-capture detection for assay of organic ni- 
trates in biological material have been published (10). 


This report describes the use of GLC for the identi- 
fication and quantitation of nitroglycerin and isosorbide 
dinitrate in plasma after administration of therapeutic 
doses in man. 


EXPERIMENTAL 


Reagents-Benzene', trimethylchlorosilane', and activated 
charcoal' filters were used. Ethyl acetate' was shaken three times 
with 10% ferrous sulfate and two times with water distilled in 
glass, stored over calcium chloride (95% minimum)', and distilled 
immediately before use. Anhydrous sodium sulfate' was washed 
with ethyl acetate and dried at 100" for several hours. Nitroglycerin 
was available as a 1% solution in ethanol*, and isosorbide 


1 RS per pesticidi, Carlo Erba, Italy. 
Merck, Germany. 
Norite. Selecta no 508. 6 4 cm., Schleicher & SchUll. Dassel. 


Germany. 
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Wilforine Tlbk I-Qtotoxicity of Heknalin-Related Derivatives 


Key- 0 Wilforine-dupticated nomenclature for two 
structurally Werent compounds 0 Nomenclature duptication- 
wilforine used to identify two structurally different compounds 
~- 


Sir: 
Recently, Hayashi and Mitsuhashi (1) reported on 


the separation and structure determination of a new 
pregnane derivative from Cynandwn wilfordi, to which 
they assigned the trivial name wilforine. 
An alkaloid of as yet undetermined structure was 


isolated by Beroza (2) in 1952 from the unrelated plant 
Tripterygium wilfordii, which he named wilforine. The 
same alkaloid was more recently isolated from Muy- 
tenus senegalensis (3). 
Since these two substances are obviously dissimilar, 


the identical naming of them has created confusion in 
the literature. The product from C. wilfordi should be 
renamed by Hayashi and Mitsuhashi in subsequent 
publications. 


(1) I(. Hayashi and H. Mitsuhashi, Chem. Pharm. Bull., 20,2065 
(1972). 


(2) M. Buour,I. Amer. Chem. Suc., 74, 3656(1952). 
(3) M. Tin-Wa, N. R. Farnsworth, H. H. S. Fong, R. N. Blom- 


ster, J. Trojhek, D. J. Abraham,G. J. Persinos, and 0. B. Dokosi, 
Uoydb,  34,79(1971). 
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Antitumor Agents V: Effect of 
Epoxidation on Cytotoxicity of 
Helenalin-Related Derivatives 


Keyplrucr 0 Hcknalin daivatim-cpoxidation, effect on cyto- 
toxicity 0 Epoxidation of helenalin daivativcs--cffect on cyto- 
toxicity 0 cytotoxicity, helenalin daivatives-efect of epoxidation 
on activity 0 Structureactivity relationships-hdenalin derivatives, 
epoxidation andcytotoxicity 


Sir: 


In connection with our study of the structure-activity 
relationships among helenalin (I)-related sesquiterpene 
lactones for cytotoxic or antitumor activity (I-3), we 
wish to report a preliminary account of the effect of 
epoxidation on cytotoxicity of helenalin-related deriva- 
tives. 


The epoxy function is a structural feature commonly 
found in many naturally occurring sesquiterpene 


EDa, 
N u m  Ref- mcg./ml. 


bet Compound erence (H.Ep.-2) 


1-3 0.10 
--o 0.11 


I Heleaah 


-0 0.50 
I1 2,ZEpoxyhelenalin 


111 2,3,11,1 EDiepoxyheknaiin 
IV 2,ZEpoxyhelenalin dimethyl- - 1.36 


m e  adduct 


helenah 


dimethylamme adduct 


V 2,3-Dihydroheleaalin 2 3.84 
VI 2,3,11,13-.TetrahydrO- 2 >40 


VII 2,3-Dihydrohcledm 2 6.04 


S. H. Kim, H. Purukawa. C. Piantadosi. and E. S. 
H&%p%ishcd data. 


lactones. It is well known that certain classes of synthetic 
compounds (4), as well as naturally occurring sub- 
stances, owe their antitumor or cytotoxic activity to the 
introduction of the diepoxide or triepoxide functional- 
ity; e.g., the cyclohexane diepoxide, crotepoxide ( 5 ) ;  
the sesquiterpene dilactone diepoxide, mikanolide (6,7); 
and the diterpene triepoxides, triptolide and tripdiolide 
(8). With this in mind, it has been inferred that one im- 
portant factor governing the cytotoxicity of the ses- 
quiterpene lactones could be due to the introduction of 
the epoxy group. The epoxy group might act as a second 
alkylating function in addition to the essential alkylating 
center, the a-methyleney-lactone moiety (1, 9, 10). 
However, it was suggested (6) that cytotoxicity appears 
to be independent of the presence or absence of an 
epoxy group, although this conclusion was based upon 
only a small number of examples. 


We felt that the role of the epoxide function with re- 
spect to the effect upon cytotoxicity should be further 


I rl 


m Iv 
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clarified. Therefore, the epoxidation of helenalin was 
undertaken. 2,3-Epoxyhelenalin 01, map. 217 O dec.), 
2,3,11,13diepoxyhelenalin (111, m.p. 234-236’), and 
the dimethylamine adduct of 2,3-epoxyhelenalin (IV, 
m.p. 194-195’) were synthesizedl and screened for their 
cytotoxicity against the growth of tissue culture cells 
originating from human epidermoid carcinoma of 
larynx (H.Ep.-2) according to a rapid microtiter method 
(1 1). 


Comparison of the EDso values for the cytotoxicity of 
the compounds listed in Table I disclosed that both the 
2-3 double bond of Compound I and the 2-3 epoxide 
of Compound I1 gave equally effective cytotoxicity. The 
corresponding saturated compound (V) gave a 35-fold 
decrease in activity. Significant cytotoxicity could also 
be maintained when the two alkylating centers, such as 
the O=C-C=CH, system in the ketone and the lactone 
of helenalin, were masked by the epoxy moiety, al- 
though the diepoxide (111) was 5 times less active in 
comparison with helenalin (I). However, the absence of 
the diepoxy functionality in Compound 111 resulted in 
more than an 80-fold diminution in cytotoxicity (com- 
pare Compounds 111 and VI). Similar results were seen 
in the case of the dimethylamine adduct of 2,3-epoxy- 
helenalin (IV). As the epxoy group was removed, the 
activity was decreased (compare Compounds IV and 
VII). Moreover, a comparison of the activities of Com- 
pound I1 to Compounds I and 111 further indicated that 
the a-epoxyketonic moiety played a more important 
role than the cr-epoxyy-lactonic moiety in the contribu- 
tion and maintenance of the high level of cytotoxicity. 
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Commencement of Basket Rotation Time as 
Variable in Official Dissolution Test 


Keyphmees 0 Dissolution, tablets-basket rotation time as vari- 
abk in compendial dissolution test 0 Basket rotation time-vari- 
able in compendial dissolution testing of tablets 


Sir: 


The dissolution characteristics of many dosage forms 
are now being determined by using the procedures 
described in either USP XVIII or NF XI11 (1, 2). NF 
Method I and the procedure described in the USP are 
based on the use of a basket-stirrer assembly. This 
method, although official, has been criticized by a num- 
ber of researchers’ (3, 4) who found that variable re- 
sults occur because of vibrational effects within the 
apparatus, clogging of the 40-mesh screen, and poor 
stirring characteristics of the assembly. During an 
investigation of the dissolution characteristics of several 
brands of chlorpromazine hydrochloride tablets, we 
observed another possible variable which should be 
considered when using this apparatus. 


The compendia state that the dosage form should 
be placed in the basket, immersed in the dissolution 
medium to a point where the bottom of the basket is 
2.0 cm. from the bottom of the dissolution vessel, and 
rotated at the speed specified in the monograph. 
This procedure can be varied (“Modified USP XVIII 
Method” in Table I) by placing the tablet in the basket, 
rotating the basket at the speed specified, and then im- 
mersing the rotating basket to the required depth in 
the dissolution medium. 


Dissolution values (Table I) for one brand of chlor- 
promazine hydrochloride tablets were obtained by 
using the USP XVIII procedure and the modification 
of it just described. The dissolution medium was simu- 
lated gastric fluid USP (without enzyme), the total vol- 
ume of medium was 900 ml., and the basket was rotated 
at 50 r.p.m. 


The tablets were purported to contain 25.0 mg. of 
active ingredient. Ten tablets were assayed individually 
by using the procedure described in USP XVIII. Values 
ranged from 24.60 to 25.75 mg./tablet and indicated 
that there was little variability with respect to drug 
content. 


Table I shows that drastically different results are 
obtained by a seemingly minor modification in the 
USP procedure. For example, T60% values change from 
23.4 to 39.3 min. but, at the same time, the modified 
USP method yields more reproducible results (that 
is, the standard deviation values are, in general, less 
than those reported in column 2 of Table I). 


The reason for the variation in results is not at once 
evident but appears to be related to the mesh size of the 
basket (40 mesh). Studies with a 10-mesh basket yielded 
relatively the same values by both methods, but the 
values were much less than those shown in Table I. 
For example, the T60% value for this product was ap- 


1 K. H. Lec S. H. Kh. H. Furukawa, C. Piantadosi, and E. S. Huang, 
unpubhrhcd data. 


1 R. H. Blythe and W. J. Mader, “Report of the USP-NF Joint 
Panel on Physiological Availability,” personal communication, 1969. 
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Inhibition of Pyruvic Acid Oxidation by 
2,5-Substituted 1,3,4-Oxadiazoles 


H. H. SINGH, S. NAGAR, A. CHAUDHARI, and SURENDRA S. PARMAR' 


Abstract 0 Several 2-substituted amino-S(dich1orophenoxymeth- 
yl)-l,3.4-oxadiazoles were synthesized by cyclizing various corre- 
sponding I-(dichloro substituted phenoxyacetyl)-4-subtituted thio- 
sernicarbazines. These compounds exhibited the ability to  inhibit 
oxidation of pyruvic acid by rat brain homogenate and showed 
gross behavioral depression in mice on intraperitoneal adrninistra- 
tion. 


Keyphrases 0 Pyruvic acid oxidation-2,5-substituted I ,3,4sxa- 
diazoles, synthesized and tested as inhibitors, rats, mice 0 1,3,4- 
Oxadiazoles, 2,5-substituted-synthesis, studied as inhibitors of 
pyruvic acid oxidation, rats, mice 0 Thiosernicarbazines, substi- 
tuted-synthesis, studied as inhibitors of pyruvic acid oxidation, 
rats, mice 


~ ~ 


Several 1-acyl-Csubstituted thiosemicarbazines and 
their cyclized 1,3,4-oxadiazoles have been reported to 
possess diverse biological properties. The ability of 2,5- 
disubstituted 1,3,4-0xadiazoles to exhibit analgesic 
(1, 2), anti-inflammatory (2-4), antipyretic (2), muscle 
relaxant (5-7), tranquilizing (5, 6), and CNS depressant 
(8) activities led the present authors to synthesize several 


2-substituted amino-5-aryl-l,3,4-oxadiazoles. Further- 
more, selective inhibition of nicotinamide adenine 
dinucleotide-dependent oxidation by CNS depressants 
such as substituted 4-quinazolones (9-1 1) prompted the 
evaluation of the intermediate thiosemicarbazines and 
cyclized oxadiazoles for their ability to inhibit oxidation 
of pyruvic acid by rat brain homogenate. Attempts also 
were made to determine the structure-activity relation of 
these compounds to their enzyme inhibitory activity. 
The various oxadiazoles were synthesized according to 
Scheme I. 


EXPERIMENTAL 


Ethyl 2,bMchlorophenoxyaeeCate ([)-An equimolar quantity of 
2,6-dichlorophenol (8.15 g.), ethyl chloroacetate (6.15 g.), and 
potassium carbonate (10.35 g.) in dry acetone (50 ml.) was refluxed 
under anhydrous conditions for 10 hr. The reaction mixture was 
filtered and the filtrate was poured into 50 mi. of chilled water. The 
ester was extracted with ether and dried over magnesium sulfate. 
On removing the excess ether, the remaining liquid was fractionally 
distilled. The fraction boiling at 180-185" was collected, yielding 
9.90 g. (80%). 
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Table I-l-(Dichlorophenoxyacetyl)-4-suhstituted 
Thiosemicarbazines and Their Effect on the Oxidation of Pyruvic Acid 


S 
II 


ArOCHCONHNHCNHR 


Compound Melting Yield, -Analysis, %- Percent 
Number R Point" .z Formula CalC. Found Inhibition' 


I11 
IV 
V 


VI 
VII 


VIII 
IX 


X 
XI 


XI1 


XI11 


XIV xv 
XVI 


XVII 
XVIII 


XIX xx 
XXI 


XXII 


n-C4Ho 


151" 
176-177" 


180" 
197" 


172-174" 


175" 
171 " 


196 ' 
167" 
180481" 


129" 


125" 
149" 
165" 
180" 
182" 


123" 
160" 
154" 
167" 


Ar = 3,CDichlorophenyl 
65 CisHirCIiNaW 


70 CisHisClrNaOrS 
66 CisHisClrNaW 
75 Ci aHi sClr NaOaS 
75 CisHisClrNaOsS 


N 12.00 
N 12.59 
N 11.17 
N 11 .35  c 40.09 
H 2.67 
N 9.33 
N 8.46 
C 50.76 
H 3.85 
N 10.93 
N 10.93 
N 10.50 
N 10.50 


C 50.32 
H 5.48 
N 12.00 
N 12.59 
N 11.17 
N 11.35 
N 9.33 
C 36.29 
H 2.41 
N 8.46 
N 10.93 
N 10.93 
N 10.50 
N 10.50 


11.93 
12.31 
11.50 
11.57 
39.91 
2.55 
8.92 
8.08 


50.56 
3.65 


10.63 
10.91 
10.84 
10.86 


50.17 
5.32 


12.32 
12.64 
10.77 
11.21 
8.96 


3 5 . 9 0  
2.23 
8.83 


11.34 
11.35 
10.80 
10.82 


1 3 . 3  f 1.0 ~~ ~.~ 


62.7 f 0 . 4  
75.0 f 0.8 
31 .3  zk 0.7  
7 3 . 5 f  1 .2  


78.1 f 1.0 
4 0 . 3 f  1 . 2  


42.1 zk 1.0 
3 5 . 3  f 1.0 
63.5 f 1.0 


15.4 f 0.8 


76.6 f 0.8  
84.4 f 0 . 9  
60.9 f 1.2 
8 5 . 2 f  1 . 1  
8 4 . 2 f  1.0 


21.3 f 0.5  
39.7 f 0.5 
67.2 f 0.8 
30.1 f 1.0 


a All melting points were taken in open capillary tubes and are corrected. b Each experiment was done in dupli.cate. and the values. are fhe mean 
of three separate experiments. The oxygen uptake was measured at 5-min. intervals during a 1-hr. incubation period. The percentage Inhibition was 
calculated from the decrease in the oxygen up%ke/l25 m . wet brain weight. The final concentrations of pyruvic acid and the,thiosernicarbazines were 
10 and 1 mM, respectively. The percent inhibition of 37.f f 0.8 observed with an anticonvdsan!, 2-methyl-3-O-tolyl-~quinazolone, In a final con- 
centration of 1 mM under similar experimental conditions was determined for the sake of comparison. 


Anu/.--Calc. for Cl&ll~CbOs: C, 48.19; H, 4.01. Found: C, 
48.00; H, 3.80. 
2,BDichlorophenoxyacetycetyUlydrszine (nu)-To a solution of 7.05 


g. of methyl 2,&dichlorophenoxyacetate (0.03 mole) in absolute 
ethanol (20 ml.) was added 2.25 g. of 99-100% hydrazine hydrate 
(0.045 mole), and the mixture was refluxed under anhydrous condi- 
tions on a water bath for 2 hr. On cooling, a white solid mass which 
separated out was collected by filtration and recrystallized from 
ethanol into a white crystalline solid, m.p. 139", yield 9.4 g. (80%). 


Anal.-Calc. for GHnChN&: N, 11.91. Found: N, 11.67. 
3,4-Dichlorophenoxyacetylhydrazine (1Ib)-A mixture of 3,C 


dichlorophenol (8.15 g., 0.05 mole), ethyl bromoacetate (7.65 g., 
0.05 mole), and potassium carbonate (10.35 g.. 0.075 mole) in dry 
acetone (40 ml.) was refluxed under anhydrous conditions for 10 hr. 
The reaction mixture was  filtered hot, and the excess of solvent was 
removed by distillation under reduced pressure. To the residue was 
added 9!2-100% hydrazine hydrate (3.0 g.) and absolute ethanol 
(25 ml.). The mixture was refluxed under anhydrous conditions for 
3 hr. Ethanol was removed by distillation. On cooling, a white 
solid mass which separated out was filtered, washed with a little 
cold ethanol, dried, and recrystallized from ethanol, m.p. 141", 
yield 9.9 g. (85%). 


Anal.--Caic. for CsH8CbN~OI : N, 1 1.9 1. Found : N, 1 1.80. 
Substituted Phenoxyacetyttbiosemicarbazinea (III-XXI1)-An 


equimolar quantity (0.005 mole) of substituted phenoxyacetyl- 
hydrazine and different alkyl or aryl isothiocyanate was refluxed in 
ethanol (10 mi.) for 2-3 hr. The solvent was removed by distillation. 
On cooling, the solid products which separated out were filtered 
and dried. Recrystallization from ethanol gave pure compounds 
(Table I). 


ZSubstituted Amino-S-(eubstlMed phenoxymethyl)-l,3,eoxP- 
dinzdes (XXIII-XLII)-To an ethanolic suspension of an appro- 
priate thiosemicarbazine (0.01 mole) was added 5 ml. of 4 N sodium 
hydroxide with continuous shaking. Iodine in 5% potassium iodide 
solution was gradually added to the clear solution with stirring until 
the color of iodine persisted at room temperature. The contents 


were then refluxed on a water bath, and more iodine solution was 
added until a permanent tinge of excess iodine remained. The 
reaction mixture was then poured into ice-cold water (500 ml.), and 
the precipitated solid mass which separated out was filtered and 
washed with water and then with warm carbon disulfide. The crude 
product was finally recrystallized from ethanol. The compounds thus 
prepared are recorded in Table 11. 


BIOCHEMICAL ST'UDIFS 


Materials-Commercial chemicals' were used in the present 
study. 


Assay of Pymvic Acid Oxidation by Rat Brain-Male albino 
rats, kept on an ud libitum diet, were used in all experiments. Rat 
brains isolated from decapitated animals were immediately ho- 
mogenized in ice-cold 0.25 M sucrose in a Potter-Elvehjem ho- 
mogenizer. All incubations were carried out at 37", and the oxygen 
uptake was measured by the conventional Warburg manometric 
technique with air as the gas phase.. Fresh rat brain homogenate 
equivalent to 125 mg. wet weight was added to chilled Warburg 
vessels containing 6.7 mM magnesium sulfate, 20 mM sodium 
hydrogen phosphate buffer solution (pH 7.4), 1 m M  adenosine 
monophosphate (sodium salt), 33 mM potassium chloride, 10 mM 
pyruvic acid, and 500 mcg. of cytochrome c in a final volume of 3 
ml. The central well contained 0.2 ml. of 20% potassium hydroxide 
solution. All of the compounds under assay were dissolved in 
propylene glycol (loO%), and an equal volume of the solvent was 
added in the control vessels. 
Effects of Oxadiazoles on Gross Bebsvior-The studies on the 


gross behavior in mice were done according to the scheme outlined 
by Irwin ( I  2). The drugs were taken in 5 % gum acacia suspension 


1 Sodium pyruvate, adenosine monophosphate, and cytochrome c 
were obtained from Sigma Chemical Co.. St. Louis, Mo. Other common 
chemicals were obtained from British Drug House, Bombay, India. 
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Table 11-2-Substituted Amino-5-dichlorophenoxymet hyl-1,3,4-oxadiazoles 
and Their Effect on the Oxidation of Pyruvic Acid 


Compound Melting Yield, -Analysis, %- ?r??t Number R Pointa % Formula CalC. Found InhibQod 


XXIII 


XXIV 


XXV 


XXVI 


XXVII 


XXVIII 


XXIX 


xxx 


XXXI 


XXXII 


XXXIII 


XXXIV 


xxxv 


XXXVI 


XXXVII 
XXXVIII 


XXXIX 


XL 


XLI 


XLII 


145" 


191-193" 


123-125" 


133-135" 


204" 


195" 


157" 


180" 


135' 


148-150" 


190-1 92 ' 


170" 


133" 


155" 


194" 
196-198" 


165' 


190-192' 


171-173' 


154-155" 


Ar- 
65 


58 


54 


60 


53 


50 


61 


60 


56 


53 


Ar- 
55 


80 


60 


63 


60 
55 


60 


57 


73 


65 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 


C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 
C 
H 
N 


49.36 
4.74 


13.29 
48.00 
3.66 


14.00 
52.63 
4.97 


12.28 
53.57 
3.27 


12.50 
43.37 
2.40 


10.12 
38.96 
2.16 
9.09 


54.85 
3.71 


12.00 
54.85 
3.71 


12.00 
52.45 
3.55 


11.47 
52.45 
3.55 


11.47 


49.36 
4.74 


13.29 
48.00 
3.66 


14.00 
52.63 
4.97 


12.28 
53.57 
3.27 


12.50 
10.12 
38.96 
2.16 
9.09 


54.85 
3.71 


12.00 
54.85 
3.71 


12.00 
52.45 
3.55 


11.47 
52.45 
3.55 


11.47 


48.95 
4.50 


12.93 
48.31 
3.22 


13.90 
52.39 
5.01 


11 .% 
53.19 
3.52 


12.16 
43.10 
2.10 


10.46 
38.63 
2.01 
8.81 


54.51 
3.80 


11.68 
54.60 
3.30 


11.70 
52.10 
3.33 


11.50 
52.70 
3.79 


11.22 


49.60 
4.90 


12.90 
48.36 
3.42 


13.78 
52.80 
5.20 


12.44 
53.80 
3.56 


12.76 
9.97 


38.84 
2.39 
9.36 


54.48 
3.36 


11.80 
55.10 
3.96 


12.30 
52.04 
3.46 


11.74 
52.72 
3.70 


11.03 


55 .5  f 0.9 


22.5 f 0.9 


3.5 f 0.8 


9.1 f 0.5 


3 0 . 6 f  1.0 


42.9* 1.1 


22.6 f 0.8 


4 6 . 2 ~ k  0.9 


- 


20.6 f 0.5 


1 8 . 8 4 ~  1.1 


47.1 f 1.1 


73.9 f 0.9 


8.5 f 0.9 


Nil 
52.6 f 0.9 


11.1 f 0.8  


57.4 f 0.0 


59.3 f 0.8 


73.8 f 1.2 


a All melting points were taken in open capillary tubes and are corrected. b Each experiment was done in duplicate, and the values are the, mean of 
three separate ex eriments. The oxygen uptake was measured at 5-min. intervals during a 1-hr. incubation period. The ercentage inhibition was 
calculated from t t e  decrease in the oxygen uptake/l2S mg. wet brain weight. The final concentrations of pyruvic acid ancfthe oxadiazoles were 10 
and 1 mM, respectively. 


and administered intraperitoneally. The effect of these compounds 
on the simple reflexes and gross behavior was observed. 


RESULTS AND DISCUSSION 


All of the I-(dichlorophenoxyacetyl)-4-substituted thiosemi- 
carbazines were found to inhibit oxidation of pyruvic acid by rat 
brain homogenate (Table I). All of the compounds possessing a 
pbromophenyl, p-iodophenyl, allyl, or cyclohexyl substituent at 
position R exhibited greater inhibition. Such an increase in their 


inhibitory effect was independent of the relative position of the two 
chlorine atoms present in the phenoxyacetyl moiety of these com- 
pounds. 


Cyclization of thiosemicarbazines into corresponding oxadiazoles 
resulted in a significant lowering of their ability to inhibit oxidation 
of pyruvic acid (Table 11). Some oxadiazoles were found to be 
inactive; a few, however, exhibited greater inhibitory effects than 
their corresponding thiosemicarbazines. These results failed to 
provide any direct correlation between the open-chain thiosemi- 
carbazines and their cyclized oxadiazoles. At present, it is difficult 
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x* 
I 


f, 
XXIII-XLII 


Scheme I 


to provide any suitable explanation for the low inhibitory effects 
of these cyclized oxadiazoles. In general, the steric factors associated 
with the heterocyclic oxadiazole ring could presumably cause 
obstruction in the attachment of oxadiazoles on the active site(s) 
of the enzyme molecule and could, therefore, account for their 
decreased inhibitory effects. Such a decrease in enzyme inhibitory 
activities of the oxadiazoles as compared to the thiosemicarbazines 
could also be due to the loss of C - S ,  as well as the two acidic hydro- 
gen atoms next to C-0 and C=S, respectively. when the thiosemi- 
carbazines are cyclized to their corresponding oxadiazoles. Other- 
wise, the sulfur and hydrogen atoms in these thiosemicarbazines 
would form hydrogen bonds with the enzymes to cause greater 
enzyme inhibition. In viao studies have indicated that almost all 
compounds produced depression in the gross behavior of experi- 
mental mice. Loss of righting reflex was observed with 2-(cyclo- 
hexylamino)-5-(3’,4‘-dichlorophenoxymethyl~l,3,~oxadi~ole. In 


the present study, no correlation could be observed between the 
enzyme inhibitory activity of substituted thiosemicarbazines and 
oxadiazoles with behavioral effects. 
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Misconceptions and Thermodynamic Untenability of 
Deviations from pH-Partition Hypothesis 


VICTOR F. SMOLEN 


Abstract 0 Elementary thermodynamic principles are applied to 
the analysis of concepts associated with pH-partitioning of weakly 
electrolytic solutes across proton-impermeable barriers. Several 
common misconceptions concerning the permeability of ionized 
species as well as the postulated occurrence and significance of a 
“virtual pH” on biomembrane surfaces are demonstrated. 


Keyphrases 0 pH-partition hypothesis--thermodynamic discus- 
sion of deviations and misinterpretations 0 Virtual pH-theoret- 
ical aspects of relevant thermodynamic principles, misconceptions 
concerning the pH-partition theory discussed UThermodynamics- 
application to pH-partition theory and concept of virtual pH. 
misconceptions discussed, equations 


~~ ~~ ~ ~ 


The theory of nonionic diffusion, also known as the 
pH--partition hypothesis, was described in quantitative 
terms by Jacobs (1) in 1940 and was widely applied by 
some researchers to explain the distribution and trans- 
port of drugs across biological membranes. The princi- 
ples and results were reviewed by Schanker (2) and, 
more recently, by Brodie (3). 


The purpose of the present report is the application of 
elementary thermodynamic principles to the clarifica- 
tion of certain points concerning the pH-partitioning of 
weak electrolytes across biological and other barriers 
capable of maintaining a pH gradient. It will be demon- 
strated that: 


1. The thermodynamic partitioning equilibrium ratio 
of total solute concentrations in the bulk phases is iden- 
tical and independent of whether or not the barrier is 
permeant to the ionizcd species. It depends only upon 
the magnitude of the pH gradient and the ionization 
constant of the solute: it is also entirely independent of 
the existence of any “virtual pH” at  the surfaces of the 
barrier which may differ from the pH of their respective 
bulk phases. 


2. Equilibrium pH -partitioning is thermodynami- 
cally identical to the Gibbs-Donnan equilibrium. 


3. It is invalid to  compute estimates of the virtual pH 
from thermodynamic equilibrium or steady-state par- 
titioning ratios ( 3 )  of total concentrations of solute in  
the bulk phases. 


4. Observed deviations of total bulk phase concen- 
tration ratios from predicted equilibrium values are 
thermodynamically untenable, irrespective of the per- 
meability of the barriers to ions and attributable only 
to the occurrence of nonthermodynamic equilibrium 
partitioning conditions. This applies even if the bulk 
phases are each simultaneously maintained in steady 
states in which no net transfer of total solute occurs 
across the barrier. 


5. The occurrence of a steady-state partitioning con- 
dition is inconsistent with an assumption of an equality 
in the concentrations of the unionized species in the bulk 
phases; any computations of virtual pH and unionized- 


ionized species permeability coefficient ratios that at  any 
stage involve equations utilizing this assumption are 
erroneous. 


The ability of both uncharged and ionic solute species 
to permeate biological barriers is well established with 
the observation that ionic solutes generally permeate at  
slower rates. Hydrogcn ion, however, is unique in that 
biomembranes, such as the GI barrier, are capable of 
maintaining large pH gradients. In this laboratory a 
similar capability was observed for the maintenance of 
pH gradients by a synthetic membrane constructed of a 
highly polar polysalt complex containing approximately 
70% water (4, 5 )  and another described by Levy and 
Mroczak (6) in which a lipid is definitely the barrier to  
transport. Kavanau (7) described a mechanism that can 
be responsible for such observed impermeability of 
biological and other membranes to hydrogen ions. He 
considers surfaces, such as those associated with living 
cells and tissues, to structure water; such water exists 
in  the immediate vicinity of the surface due to hydration 
of fixed ions and hydrophobic hydration of nonpolar 
groups. At a distance further from the surface, he pos- 
tulates that considerable structure breaking of the water 
occurs. In this region, hydrogen bonding between water 
molecules is poor relative to ordinary bulk water. This 
unstructured region is postulated to act as an insulator 
with regard to  proton transfer between the membrane 
and bulk aqueous phases. Convincing evidence that the 
apparent lipoidal properties of biological barriers are, 
in fact, also primarily a consequence of their content of 
structured water (proteins and lipids are primarily re- 
sponsible for the structuring) was described by Smolen 
and Hagman (4), Horowitz and Fenichel (8), and Ling’ 
(9). 


The obvious pharmaceutical and general biological 
significance of pH-partitioning with regard to the trans- 
fer and distribution of solutes emphasizes the importance 
of gaining a rigorous understanding of this phenome- 
non. Three cases will be considered: (u) equilibrium 
pH-partitioning across a barrier permeable to the un- 
ionized species of the weakly electrolytic solute (6) 
equilibrium partitioning across a barrier permeable to  
both unionized and ionized species, and (c) steady-state 
partitioning across a barrier permeable to both species. 


THEORETICAL 


Irrespective of the manner in which the total concentrations of 
solute and pH in bulk phases separated by a proton-impermeable 
membrane are maintained, an experimentally observed or assumed 
net zero transfer of total solute across the barrier is indicative of 
either a steady-state or thermodynamic partitioning equilibrium 


* G .  N. Ling, Molecular Biology Laboratory, Pennsylvania Hospi- 
tal, Philadelphia, Pa., Dersonal communication. 
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(10); a basis for the distinction between these two possible condi- 
tions will be discussed here. 


The assumption of a thermodynamic partitioning equilibrium 
requires an equality of chemical potential, p i  (or electrochemical 
potential, pi, for charged species) for each species in all phases into 
which it can enter. This includes the two membrane-separated bulk 
phases, 1 and 11, as well as any interphase or transition phase, T, 
that may exist at the surfaces or within the membranous barrier, i.e., 
pi1 = pC,T = pU1.  When the barrier is impermeable to the ith species, 
it can only be stated that pi1 < p,T > pi"; i.e., the chemical or 
electrochemical potential of the species in the barrier from which 
the species is excluded is greater and obviously unequal to that in 
the two bulk phases. In this case, it is not necessary that p,I = pr1I .  
However, if the species is in equilibrium with other solute species 
to which the barrier is permeant, it is necessary that the chemical 
potential of the solute treated as a component, c, be equal in every 
phase into which the species can enter; i.e., pcl = p e T  = pel1, ir- 
respective of the nature of the intervening barriers through which it 
passes. 


This can readily be exemplified for the weakly acidic electrolyte, 
HA ;z-1 A- + H+. For the first case when the barrier is permeant 
only to HA species, Eq. 1 must be satisfied: 


PRA' = PEA'' (Eq. 1) 


In each bulk phase, the following ionization equilibrium relations 
also hold: 


PIfA' PA-' + pH+' (Eq. 2) 


pH*" = p*-II + 0% 3) 


The chemical potential of the solute treated as a component is 
the sum of the chemical potentials of the species: 


p.4I = PHA' + p.4-I + PH+' 
pAII = NHA" + pa-" + PH"' 


0%. 4) 


(Eq. 5 )  


It follows that: 


MA' = @A1' 0%. 6) 


By expanding Eq. 6 in terms of the activities [A], [HA], [H+]' 
and [A-] and the standard chemical potentials, pP, it can be re- 
written as Eqs. 7 and 8: 


p114O + PA-'  + pn*O + RTIn [HAII[A-II[H+]I = 


PHAO + PA + PH +O + R T  In [HAIII[A-]II[H+III (Eq. 8) 


The often justifiable assumption that the bulk aqueous phases 
are similar enough in composition that the partition coefficient of 
each species distributed between them is unity permits the removal 
of the p,"'s from Fq. 8, which can then be rewritten as Eq. 9: 


(Eq. 9) 


Setting [HA11 = [HA111 in effect provides one with the pH- 
partition hypothesis (1-3, 10); simplifying the treatment by assum- 
ing, where convenient, that activities are equivalent to concentra- 
tions yields the ratio of the total  concentration^ of the weak elec- 
trolyte equilibrated across a hydrogen-ion and A--ion-impermeable 
barrier, as given by the familiar Eqs. 10 and 11. Equation 11 is ob- 
tained by substituting[A-] = [HA] K./[H+] into Eq. 10: 


It will be shown that the form of Eq. 1 I is identical for Case ( b )  
in which the barrier is assumed permeant to the ionized species, 
as well as thc unionized form. For this case, thermodynamic equi- 
librium will, in addition to Eqs. 1 and 6, require an equality of elec- 
trochcmical potentials, P A - ,  of A- in the bulk phases as expressed 


by Eq. 12 (12): 
pA-I = - PA -11 


Expanding each side of Eq. 12 into chemical and electrical con- 
tributions yields Eq. 13, in which $1 and $11 are the Galvani po- 
tentials of bulk phase I and 11, respectively, and F is the Faraday 
constant: 


~ A - " I  + RTln  [A-11 - F($d = 


P A - O I I  + RTln  [A% - F($II) (Eq. 13) 


Equating standard chemical potentials and rearranging Eq. 13 
yield Eq. 14, which is identical to an  expression relating the equi- 
librium distribution ratio of ions (distributed in accordance with an  
ideal Donnan equilibrium, i.e., when Apia = 0) to  the Donnan 
potential, ED,  given by ED = $1 - $11 : 


Use of Eqs. 1-3 provides Eq. 15, which can be expanded and 
rearranged to obtain Eqs. 16-18 where r is analogous to a Donnan 
ratio (11): 


p*-I + = PA-II + (Eq. 15) 


[A-I [Hi3rr RTln  = RTln  ~- 


[A-III [H+h 


The resemblance of Eqs. 14-1 8 for equilibrium pH-partitioning 
to identical expressions appropriate to the Gibbs-Donnan mem- 
brane equilibrium (11) is not fortuitous or unexpected when it is 
considered that the Gibbs-Donnan equilibrium is generally appli- 
cable to describing the distribution of mobile chargcd species in 
systems containing immobile, or relatively immobile, charges. In 
the present case, the immobilization of charge is a consequence of 
the existence of a pH gradient across a relatively H+-ion-imperme- 
able barrier. In compliance with this analysis, existence of electrical 
potentials across the intestine and the movement of anions down an  
electrochemical potential gradient were reported previously (12, 
13). 


Using Eq. 18 to express [A-]I = [A-]II[H+]II/[H+]I and substitut- 
ing this expression into Eq. 10 for [A-]I yield Eq. 19: 


Substituting [A-]II = [HA]IK./[H~-JII for [A-]II in Eq. 19 yields 
Eq. 1 1  upon cancellation of [H+]I from the numerator and [HA11 = 
[HA111 between the numerator and denominator. This result is not 
unexpected, since the derivation of Eq. 1 1  in the first place 
requires no assumption concerning the permeability of the barrier 
to unionized species. 


DISCUSSION 


It should be quite apparent from the analysis that the equilibrium 
total concentration ratio of solute predicted by Eq. 11 must always 
be realized irrespective of whether or not the barrier is permeable to  
the ionized species. Conversely, the observation of the predicted 
ratio does not justify any assumptions concerning the permeability 
of the barrier to either species. 


Attributing deviations from predicted equilibrium total solute 
distributions to  the permeability of the barrier t o  unionized species 
or to the virtual pH of the absorbing surface (3, 10) is thermo- 
dynamically untenable. It is quite conceivable that a virtual p H  at 
the mucosal surface exists which is different from that of the bulk 
phase in the lumen. Its origin may, as suggested (3, lo), result from 
the secretion of H+ ions by the mucosal cells. In addition, a Donnan 
accumulation or exclusion of H+ due to  the occurrence of fixed 
ionic sites on the tissue surface can be operative (14). The sign and 
density of the surface fixed charge and, therefore, its contribution to 
the virtual pH may be expected to vary with the bulk phase pH. 
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However, the implementation of an in uivo bioelectrometric method 
(e.g., 14-16) in our laboratory has revealed the variation of the fixed 
charge density of the lower two-thirds of the duodenal mucosal 
surface of the rabbit to be reversible over a pH range of approxi- 
mately 3.5-10.8 and quite anomalous relative to  the observed be- 
havior of less physiologically active surfaces studied previously 
(14-16). The pH dependency of the fixed charge density was found 
to be U-shaped, with extremes at pH. 3.5 and 10.8 of -28 and -52 
meq./l., respectively, and a minimum at pH 7.0 of +1.7 meq./l. 
The virtual pH values attributable to the fixed charge for the bulk 
phase pH values of 3.5, 7.0, and 10.8 were calculated as 3.46, 7.02, 
and 10.72, respectively. These virtual pH values, as well as a value 
of 5.89 corresponding to a fixed charge density of 3.0 meq./l. at a 
bulk phase pH of 5.9, are not significantly different, for an ionic 
strength of bulk solution corresponding to isotonic 0.15 M NaCI. 
from the pH of the lumen. Based on these results the existence of a 
postulated virtual pH of 5.3, which is insensitive to the pH of the 
luminal solution (3, lo), would have to arise from another source 
such as the secretion of H+ ions as suggested by Brodie (3) and 
Hogben et cd. (10). 


That this may, however, not be the case either was suggested by 
the results of preliminary experiments performed to  measure the 
pH of the in uioo intestinal mucosal surface relative to the bulk 
solution, using a flat bulb pH electrode. Placing the electrode in a 
pool of isotonic phosphate buffered solution in the bulk phase at a 
distance from the surface provided a value of pH 7.0. Lowering the 
electrode against the surface yiclded a value of 7.4. Assuming a 
verity of such measurements in reflecting the surface virtual pH, the 
relative alkalinity of the surface is contrary to the predictions of 
the pH-partition hypothesis but is qualitatively consistent with our 
observed net positive charge density for the mucosal surface at a 
bulk pH of 7.0. The details of these and further experiments will 
be presented in a subsequent report. 


The above thermodynamic analysis has demonstrated that devia- 
tions, other than those attributable to  complexation and nonideal 
solution behavior, in the expected total solute concentration 
ratio, as given by Eq. 11, are impossible for a true thermodynamic 
equilibrium state; the observation of a Ctota1 ratio predicted by Eq. 
11 is a necessary condition for its occurrence. It can be further sur- 
mised that the many observed deviations from Eq. 11 (17) must be 
the conseqeuences of nonthermodynamic equilibrium conditions 
despite an observed zcro transfer of total solute between the bulk 
phases (10). This latter condition is a special case of nonthermo- 
dynamic equilibrium which has been described as a steady state (10). 
For the thermodynamic equilibrium state, the equality of chemical 
and electrochemical potentials of all permeant species in all phases 
requires that the total solute flux across the barrier, JTOT, as well 
as the flux of each species, JA-  and &A, are identically zero; i.e., 
JTOT = JHA = JA- = 0. The steady-state partitioning condition is, 
according to Brodie (3) and Hogben et al. (lo), characterized by a 
zero net flux of total solute, which is in this manner the same as 
the thermodynamic equilibrium state but differs in that the flux of 
the individual species is nonzero, equal in magnitude but opposite 
in direction. The steady-state flux conditions are expressed by Eqs. 
20 and 21, which can be inferred from the relations given by Hogben 
et af.  (10): 


JTOT = JA- + JHA = 0 


JA- = -JHA # 0 


(Eq. 20) 


(Eq. 21) 


It is important to note that the postulation of a steady state in 
which JA- # 0 requires a permeability of the barrier to one or more 
cations, which must he simultaneously transferred to maintain at 
all times the necessary condition of electroneutrality (18); i.e., 
the condition 27-, Z&,, - JA = 0, where Ci+ and 2, refer to the 
cations and their valence, respectively, must be satisfied for a trans- 
fer of A- to occur. If the accompanying cations are other than H+ 
(e.g., Na+, K+, or organic), a change in the pH of unbuffered bulk 
phases is to be expected due to shifts in the HA S A- + H+ equi- 
librium, This phenomenon may contribute to the observed differ- 
ences in the pH of the inflowing and effluxing fluids of intestinal 
perfusion streams (10) and pH changes noted in everted sac experi- 
ments (19); such observations may be simply interpretable as steady- 
state manifestations attributable to the relative impenetrability of 
the barrier to protons. 


Equation 1 1  is derived on the assumption of [HA11 = [HAIII, 
which is correct under thermodynamic equilibrium conditions; hut, 
as shown above, it is not the case for the steady state. (When HA is 
the only species present, the steady state and thermodynamic equi- 
librium conditions of net zero flux are identical.) The use of Eq. 11  
to compute a virtual pH for a system in thermodynamic equilibrium 
is invalid, because the pH variables appearing in Eq. 11 refer only 
to the bulk phases. In addition, since the postulation of a thermo- 
dynamic equilibrium requires adherence to Eq. 11 in the first place, 
there would be no occasion to compute a virtual pH to account for 
theoretically nonexistent deviations. It should, therefore, be ap- 
parent that Eq. 1 1  does not apply to a steady state ( ix . ,  unless the 
steady-state and thermodynamic equilibrium partitioning states 
are the same) and its use to compute a virtual pH (4) is erroneous. 
The subsequent use of such virtual pH values to calculate unionized- 
ionized permeability coefficient ratios, pulp,, propagates the error. 
This error may be surmised to contribute to the large discrepancy 
between the pulp, values of 4500 reported by Hogben et a/ .  (10) for 
salicylic acid and the value of 6 more correctly obtained by Nogami 
and Matsuzawa(19). 


SUMMARY AND CONCLUSlONS 


In brief, it can be concluded that although the pH-partition 
hypothesis may often provide a good approximation of the solute 
transport and distribution behavior of biological barriers and is 
an excellent rule of thumb, it cannot be considered so seriously as 
to postulate that biological barriers are generally impermeable to 
ions and to attribute -observed deviations from its predictions to 
thermodynamically untenable mechanisms which invoke a virtual 
PH. 
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P H A R M A C E U T I C A L  TECHNOLOGY 


Mechanism of Action of Starch as a Tablet Disintegrant VI: 
Location and Structure of Starch in Tablets 


WERNER LOWENTHAL’ and JOHN H. WOOD 


Abstract 0 By using a scanning electron microscope. the location 
and structure of starch grains in experim’ental and commercial 
aspirin tablets and aspirin-phenacetin-caffeine tablets were 
studied. By scrutinizing tablet faces and cross sections before and 
after the addition of water, it was observed that rupture of the sur- 
faces occurred where starch agglomerates were found. It was postu- 
lated that water hydrates the hydroxy groups of the starch molecules, 
causing them to move apart. The slight swelling that occurs is due 
to the rapid hydration step and a slower sorption of addition water 
step. Channels or pores lined with starch were not evident. The 
conditions for rapid tablet disintegration are sufficient starch 
agglomerates, low pressure, and presence of water. 


Keyphrases 0 Starch as tablet disintegrant-location, structure in 
aspirin and aspirin-phenacetin-caffeine tablets, scanning electron 
microscope 0 Aspirin, aspirin-phenacetin-caffeine tablets-loca- 
tion and structure of starch, scanning electron microscope 0 
Tablets, aspirin, aspirin-phenacetin-caffeine-location and struc- 
ture. of starch, scanning electron microscope 0 Scanning electron 
microscopy-location, structure of starch in aspirin and aspirin- 
phenacetin-caffeine tablets 0 Disintegrants-mechanism of action 
of starch in aspirin and aspirin-phenacetindeine tablets, location 
and structure of starch agglomerates, conditions for rapid disinte- 
gration 


Previous study has shown that corn and waxy maise 
starch grains plastically deform and that this deforma- 
tion increases with increasing ’pressure. The addition 
of water has no apparent effect on this deformation 
(1, 2). Potato starch grains also have been shown to 
deform (3). It was also previously observed that when 
a small amount of moisture was added to corn and 
waxy maise starch tablets, a “blistering” effect and 
disruption of the moistened area occurred. Moisture 
did not cause the individual grains to regain their shape 
(1). 


It is not practical to attempt to measure a change 
in volume due to the addition of moisture by the scan- 
ning electron microscope, because sample preparation 
for the scanning electron microscope involves the use of 
a vacuum which would remove the moisture and the 
sample is coated with a thin layer of a conductor of 
carbon and gold. When conductor layering was com- 
pared to an electrostatic method of sample preparation, 
similar results were obtained so that the scanning elec- 
tron photomicrographs show a true picture of the sur- 
faces (4). 


The purpose of this investigation is to show the 
location of and the structure formed by the starch grains 
in experimental and commercial aspirin tablets and 
aspirin-phenacetin-caffeine tablets. The effect of mois- 
ture on these tablets is also shown. 


EXPERIMENTAL 


Tablets weighing 0.5 g. were compressed using l.27-cm. (0.5- 
in.) diameter flat-face punches and die. Aspirin’ was sieved to 
obtain 40-50- and 70-100.mesh crystal fractions. These fractions 
were mixed with starch* to give 2.5, 5,  7.5, 10, 12.5, and 15% 
(w/w) starch concentrations. The ingredients were mixed by 
tumbling. Tablets were made by compression at 10,OOO psig. on 
a hydraulic laboratory press’ with special holders for the punches 
and die. An aspirin-lO% starch granulation4, 12-50 mesh, was 
also used. Tablets from the commercial granulation were made by 
compression at 2uw) psig. At higher pressures the tablets appeared 
to be impervious to wata  and did not disintegrate. For the photo- 
micrographs only, the 40-50-mesh aspirin with 2.5 and 10% 


1 Catalog No. A42, lot 752285. Fisher Scientific Co. 
2 STR-Rx. A. E. Staley Manufactunng Co. 
a Model B. Fred S. Carver, Inc., Hydraulic Equipment. 
4 Lot QM-18, Monsanto Chemical Co. 
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Table I-Disintegration Times 


Tablet 


2.5z 
A $ % Q m e s h )  5 


10 
15 


Aspirinstarch granulation 
Product B 
Roduct S 
Product N 
Aspirin-phenacetin- 


caffeine 


Disintegration 
-TTime,~e~.- 
Average Ranee 


5w 378-685 
1 6 O  e40 
6a 5-6 
9 4-6 


17j 4 G 9 0  
10 8-1 3 
11 9-1 2 
13 10-14 
23 15-3 1 


a Five tablets. b Three tablets. 


starch was used. There was no apparmt difference in disintegra- 
tion times observed between the two particle-size ranges of aspirin, 
and vay  little dserence was sccn between the 5 and 15% concen- 
tration ranges of starch. 


The USP apparatus ( 5 )  with distilled water was used to detamine 
disintegration times. 
Three commeraally made aspirin tablets (designated as Product 


B‘, Product S’, and Product N3 and aspirin-phenacetin4einel 
tablets were observed. 


The scanning electron microscope and technique previously 
described were used ( 1). Both the “as is” face and the cross sections 
by breaking the tablets were examined. The &ect of moisture wm 
determined after a small  drop of water was added to the surfaces. 


RESULTS 


In this study, aspirin mixed with varying concentrations of starch 
showed only a marked decrease in disintegration times when con- 
centration of starch increased from 2.5 to 5%. This occurred with 
both 40-50- and 70-100-mesh aspirin. Tablcts made with 5 %  
or more starch all had similar disintegration times. As a result, 
only @%mesh aspirin with 2.5 and 10% starch were examined 


Figure 1-Face view of aspirin plus 10% starch tablets. dry (abouf 
6oOX). 


Figure 2-Face view of aspirin plus 10% starch tablets, moistened 
(ahout 6wx). 


microscopically. Table I gives the results of the disintegration times 
of the tablets used. 


Analyzing the surfaces of aspirin plus 2.5 % starch showed a few 
widely scattered chains of starch grains. These appeared to be only 
one layer thick. The starch appeared in scattered clusters and, be- 
cause starch is poorly compressible, the grains stood out. The 
aspirin crystals were fused. The face of the tablets looked smooth 
except where the grains occurred. The starch was not fused to the 
aspirin. On moistening, aspirin crystals were recognizable, the sur- 
face was disrupted, and aacks arox. These cracks usually had 
starch grains in and. around them. A few grains with dimples or 
depressions were observed, as was reported previously (1). The 
markings are due to the grains growing next to a protein (Zein) mem 
b r a e  in the kernel, are due to enzyme action during storage, or 
are produced during refining. 


Lou 1L196A and lBO29. Baycr Aspirin, Olcnbrook Laboratorieq 
New York, N. Y. Figure 3-Cross-sectional view of aspirin plus 10% starch tahlm, 


dry (about mx). Darkened, irregular shuped spots in starch grains 
are hilum canals. 


* Lot 9N465 St. Jose h Aspirin. Plough, Inc., Memphis. Tenn. 
7 Lot 67188<, Norwict Pharmacal Co., Nonvich, N. Y. * Lot 8739. Barre Drug Co.. Baltimore. Md. 
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Flgure &Cross-sectional aiew of Product B, dry (about 720X). 
Hilum canals are readily apparent. The arrows point to hilum canals 
and cracks. 


There was very little dflerence between the face and cross Sections 
of the tablet. Figures 8 and 9 show clumping of starch, cracks in 
the surfaces, some loose aspirin crystals, and the rough surface. 
Examination of embossed letters showed less fusion of the aspirin. 
When moistened, the water soaked in very rapidly and did not 
spread on the surface. The moistened surfaces became raised and 
flaky in appearance. Figure 10 shows the disruption of the face 
of the tablets when moisture was added, and cracks, aspirin crystals, 
and starch are plainly visible. Figures 11 and 12 give evidence of 
disruption and clumps of starch grains but only an occasional chain, 
one grain thick. Hilum canals are again observed in the cross sec- 
tion. 


Examination of a second commercial aspirin tablet (Product N) 
demonstrated a rougb surface, with aspirin crystals and starch 
grains readily visible (Fig. 13). The agglomerates did not seem as 


Figure 10-Face view ofproduct B, moistened(about 720X). 


plentiful as was observed in Product 8. Figure 14 shows a cross 
section of the tablet with hilum canals discernible, and Fig. 15 
verifies surface disruption when moisture was added. The aspirin 
crystals and starch grains are readily apparent. Figure 16 shows 
the edge of the moistened area. The degree of breakup of the brighter 
twethirds compared to the relative smoothness of the darker 
onethird is evident. The water readily soaked into the tablet suc- 
faces, leaving no sharp boundary visible. 


The third brand of aspirin tablets (Product S) studied again 
showed relatively rough surfaces, with aspirin aystals and starch 
grains discernible (Fig. 17). Figure 18 illustrates fused aspirin and 
a large clump of starch grains. When the surfaces were moistened, 
the aspirin crystals and starch grains were more conspicuous. 
Compare Figs. 17 and 19. The area moistened was only just visible 
to the naked eye. Fine cracks appeared where there was a local 
concentration of starch grains. The layer of platelike crystals seen 


Figure +Face view of Product B, dry (about 720X). The arrows 
point to loose aspirin crystals. 
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Figure 11-Cross-sectional view of Product B, moistened (about 
720X). 







Figme U-Cross-sectional view of Product B, moistened (about 
450X). 


in Fig. 20, a view of the moistened cross section showing disorgani. 
zation of the area, was not observed in other tablets. 


Finally, aspirin-phenacetin-caffeine tablets were examined. 
The surfaces were smooth, with only occasional starch grains and 
crystals evident. Water did not readily penetrate the surfaces and 
flo discernible disruption, occurred. The faces exhibited more dis- 
continuity than the cross sections where only occasional starch 
grains were observed. No new additional structures not previously 
mentioned were seen in these tablets. 


DISCUSSION 


The scanning electron photomicrographs reveal that the surface 
of the starch grains is smooth. The hilum normally seen in ligbt 
microscopy appears to be an internal phenomenon since it is not 
visible in the scanning electron photomicrographs (6). Ctoss sec- 
tioning of tablets also results in the cross sectioning of starch grains, 


Figwe 13-Face view ofProduct N ,  dry (about 720X). 


Figure 14-Cross-sectional view of Product N ,  dry (about 720X). 
The arrow points to the h i l m  canals. 


so hilum channels are clearly visible, indicating a hollow starch 
grain. These channels appear normal, indicating no damage due to 
heat or other processing treatmentsf', but drying may increase the 
number of the canals (7.8). Not all grain cross sections showed this 
channel, since the channel may not cover the whole length of the 
grain. Since birefringence is present, the canals apparently do not 
affect molecular orientation (7). 


There was no indication of starch-hed pores, but occasioaal 
chains of starch grains were observed. These were only one grain 
thick and of finite 1 6  (from six to eight grains). The macro- 
scopic and microscopic observations of Pate1 and Hopponen (9) 
and Commons et al. (10) that the starch formed chains and that 
starch lined pores could not be confirmed after study of a large 


Figurel5-Face ciew ofProduct N, rnoistened(about 720X).  


0 H. Zobel, CPC International Inc., Moffett Technical Center, Argo, 
IL 60501 
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Figwe IB-Ctwswectional view of Product S, dry (about 720x1. 
Large, smooth area appears to be aspirin crystals. Figue 16-Face view of Product N at edge of moistened area (about 


720X). 


number of tablet cross sections. The occasional isolated chains 
observed (Figs. 3 and 12) would not have a significant Mect on 
tablet disintegration. Starch-lined pores or starch surrounding 
individual granules or crystals were absent. If they did occur, there 
would have been evidence of starch chains at least two grains thick 
on a cross section. These were never seen. 


Starch is poorly compressible and does not appear to adhere to 
itself or to other materials in the tablet, and it does not fuse. The 
starch was not uniformly distributed in the tablets and often a p  
peared as agglomerates in the tablets examined. These result in 
weak points within the tablet and in fine cracks around the ag- 
glomerates. 


Isolated and embedded grains cannot cause disruption of the 
tablet that would result in disintegration. When moisture is added, 
the surface is generally disrupted. The degree of breakup of the 
surface depends on the number and size of the starch grain agglom- 
erates (total starch concentration in the tablet) and the pressure 


used. The greater the number and size of agglomerates, the greater 
is the disruption. There could be a critical concentration, as sug- 
gested by Commons et al. (10). The greater the pressure used to 
form the tablet, the greater is the fusion of the tablet ingredients 
(except starch) and the greater is the force needed to disrupt the 
tablet. 


Drying starch grains may cause the surface layer of molecules 
to become more tightly bonded intermolecularly (7). It was postu- 
lated (12) that microcrystalline cellulose in tablets is a special form 
of cellulose fibril in which the individual crystallites are held to- 
gether mainly by hydrogen bonding. Water causes these bonds to  
break, producing tablet disintegration, When moisture is added, 
the degree of association of the starch molecules is reduced because 
the hydrogen bonds between the hydroxy groups are broken. The 
hydrated molecules could reduce surface attraction and even cause 
the grains to repel each other. Thus, the moisture releases stress 
built up in the starch grains due to  their relatively low moisture 


Figure 17-Face oiew ofprodud S,  dry (ahour 720X ). 
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Fiiure 19-Face oiew ofProduct S,  rnoistened(about 720X). 







Figure 20-Cro~s-sectional view of Product S, moistened (about 
720X). 


content and distortion caused by pressure. Fuhrer (3) mentioned 
that pressure distorts potato starch grains and theorized that energy- 
rich grains are formed, so that no additional energy is needed for 
swelling. Close scrutiny of the grains before and after water was 
added seemed to indicate that the gmh are less angular, suppprt- 
ing the theory that thae is a degree of restoration to the origrnal 
grain shape due to hydration of the starch molecules. The hydra- 
tion and resulting effects occur rapidly (i.e., a fraction of a second). 
The hydration of the hydroxy groups and sorption of water could 
account for the slight swelling (5-1Oz) of the starch (9, 11). This 
amount of swelling could result in about a 70% increase in volume, 


and the swelling would take a few seconds. These two combined 
&ects of the attachment of water molecules and the increase in 
volume of the grains cause sufficient force to break up the tablet. 
Channels or pores lined with starch grains were not manifest in 
any of the surfaces examined. Therefore, the thesis that starch 
grains act as as a “wicking agent” and draw water into the tablet 
should be layed aside. The conditions for rapid disintegration are 
sufficient starch agglomerates, low pressure, and presence of water. 
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Dissolution Rate Studies 111: Effect of Type and 
Intensity of Agitation on Dissolution Rate 


J. TINGSTAD’, E. GROPPER, L. LACHMAN, and E. SHAM1 


Abstract 0 The effect of flow rates on dissolution rates using a 
continuous flow, column-type apparatus was determined. The 
flow method of agitation is compared to three other types used with 
the static beaker procedure. The advantages of the column-type 
apparatus in attaining low intensities of agitation without sacrific- 


ing accuracy or homogeneity are discussed. 


Keyphrasea 0 Dissolution rates-effect of flow agitation, compared 
to compendia1 methods, column-type equipment 0 Agitation, 
column flow type-effect on dissolution rates, compared to com- 
pendial methods 


The importance of low agitation intensities in de- 
tecting real differences in dissolution rates and in 
obtaining good in oirro-in pi00  correlations in dissolu- 
tion rate experiments has been established (1, 2). In 
addition, the importance of the accurate control of the 


degree of agitation has been pointed out (2). However, 
the use of low agitation intensities and the accurate 
control of variables associated with agitation are 
severely limited with the static beaker method but not 
with the continuous flow, column-type procedure (3, 
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As shown in Fig. 5,  all isotherms are of the Langmuir type. Each 
curve starts from the origin and the amount adsorbed reaches a 
saturation value at or close to the CMC in solution. The areas per 
molecule calculated from the saturation adsorption were consid- 
erably larger than the values for the air-solution interface and were 
also larger than the dimensions of the hydrocarbon part of the 
molecule given by a molecular model. With an increasing polyoxy- 
ethylene chain length, the value of saturation adsorption decreases, 
but this trend is not so evident as compared with sulfathiazole. 


Figure 6 presents the sedimentation volume of naphthalene in 
the presence of polyoxyethylated nonyl-phenols. At very low con- 
centrations, naphthalene was only slightly wet by water and some 
portions of it floated, so measurement of the sedimentation volume 
was difficult. The sedimentation volume rapidly decreased with an 
increase in concentration and a highly deflocculated state was 
reached. The deflocculating action of the surfactants was not so 
influenced by the polyoxyethylene chain length. 


It is likely, therefore, that the hydrocarbon chains of the sur- 
factant molecules adhere to the surface of naphthalene and are 
lying flat, while the polyoxyethylene chains are directed toward 
solution. 


REFERENCES 


(1) L. Hsiao and H. N. Dunning, J .  Phys. Chem., 59, 362 


( 2 )  H. R. Heydegger and H. N. Dunning, ibid., 63, 1613(1959). 
(3) H. Kuno and R. Abe, Kolloid Z . ,  177, 40(1%1); 181, 70 


(4) A. S. Weatherburn and C. H. Bayley, Textile Res. J., 22, 


(1 955). 


(1962); 198, 77(1964). 


797(1952). 


(5) Y. Nemoto and K. Miwa, Kogyo Kagaku Zasshi, 68, 2173 


(6) H. Schott, J. Colloid Interface Sci., 23,46(1%7). 
(7) J. M. Corkill, J. F. Goodman, and J. R. Tate, Trans. 


( 8 )  R. H. Ottewill and T. Walker, Kolloidi?. Z .  Polym., 227,108 


(9) K. G. Mathai and R. H. Ottewill, Trans. Furaday Soc., 62, 


(10) M. Nakagaki, S. Kawamura, and J. Terao, Yakugaku 


(1 1) P. H. Elworthy and W. G. Guthrie, J.  Pharm. Phurmacof., 22, 


(12) L. Hsiao, H. N. Dunning, and P. B. Lorenz, J. Phys. Chem., 


(13) E.  H. Crook, D. B. Fordyce, and G. F. Trebbi, ibid., 67, 


(14) M. Nakagaki, H. Sunada, M. Taniguchi, and Y. Nakamura, 


(15) B. M. Milwidsky, Analyst, 94, 377(1%9). 
(16) P. Somasundaran, T. W. Healy, and D. W. Fuerstenau, 


(17) P. Somasundaran and D. W. Fuerstenau, ibid., 70, 90 


(1%5). 


Furaday Soc., 62,979(1966). 


(1968). 


750(1966). 


Zasshi, 90, 699(1970). 


114q1970). 


60,657(1956). 


1987(1%3). 


Yakugaku Zasshi, 88, 1375(1968). 


J. Phys. Chem., 68, 3562(1964). 


(1%). 


GLC Determination of Nitroglycerin and 
Isosorbide Dinitrate in Human Plasma 


M. T. ROSSEEL and M. G. BOGAERT** 


ACKNOWLEDGMENTS AND ADDRESSES 


Received September 5, 1972, from the Faculty of Phurmacy, 


Accepted for publication November 22,1972. 
A To whom inquiries should be directed. 


Meijo University, Nagoya, Japan. 


Abstract 0 A procedure is described for the identification and 
quantitative determination of nitroglycerin and isosorbide di- 
nitrate in plasma. The nitrates are extracted from plasma with 
ethyl acetate and measured by GLC with electron-capture detection. 
Quantitation is done using an internal standard. The lower limit of 
sensitivity for both substances is around 0.5 ng./ml. Results ob- 
tained with this method in humans are given. 


Key phrases 0 Nitroglycerin-identification, GLC-electron-capture 
analysis, human plasma 0 lsosorbide dinitrate-identification, 
GLC-electroncapture analysis, human plasma 0 GLC-electron- 
capture detection-identification, analysis, nitroglycerin and iso- 
sorbide dinitrate in human plasma 


Knowledge of the metabolic fate of the antianginal 
organic nitrates in man is hampered by a lack of sensi- 
tive analytical methods; attempts to measure plasma 
levels in man by colorimetric methods after administra- 
tion of these nitrates were clearly unsuccessful (1, 2). 
The use of labeled substances has allowed the detection 
of small amounts of pentaerythritol tetranitrate in man 
(3, 4); for nitroglycerin and isosorbide dinitrate, the 
labeled compounds have been used in animals only 
(5-8). 


The present authors previously described a OC 
method for the separation and identification of different 
organic nitrates in the nanogram range, using electron- 
capture detection (9). Only incomplete data about 
electron-capture detection for assay of organic ni- 
trates in biological material have been published (10). 


This report describes the use of GLC for the identi- 
fication and quantitation of nitroglycerin and isosorbide 
dinitrate in plasma after administration of therapeutic 
doses in man. 


EXPERIMENTAL 


Reagents-Benzene', trimethylchlorosilane', and activated 
charcoal' filters were used. Ethyl acetate' was shaken three times 
with 10% ferrous sulfate and two times with water distilled in 
glass, stored over calcium chloride (95% minimum)', and distilled 
immediately before use. Anhydrous sodium sulfate' was washed 
with ethyl acetate and dried at 100" for several hours. Nitroglycerin 
was available as a 1% solution in ethanol*, and isosorbide 


1 RS per pesticidi, Carlo Erba, Italy. 
Merck, Germany. 
Norite. Selecta no 508. 6 4 cm., Schleicher & SchUll. Dassel. 


Germany. 
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Figure I-Standard curves using plasma samples of 5 ml. to which are 
aalied I5 ng. of isosorbide dinitrate and varying amounts of nitro- 
glycerin. From the extract in I 0  p l .  of benzene, 1.6 11. is injected in 
the gas chromatogmph with electron-capture detection. The two curves 
shown were obtained on 2 different days. 


dinitrate was available as a powder'; isoidide dinitrate was syn- 
thesized as described previously (1 1). 


Glassware-All glassware was silanized by soaking for 1 hr. in 
5 "i. trimethylchlorosilane in benzene; rinsed with benzene, meth- 
anol, and water distilled in glass; and dried. 


Apparatus-A gas chromatograph6 with a tritium electron- 
capture detector (150 mc.) was used. Glass columns, 1.83-m. X 
2-mm. i.d., were packed with 3.5% of QF-1' on 60-80-mesh Gas 
Chrom 4'. The injection port temperature was 160°, the column 
temperature was 120" for nitroglycerin determinations and 117" 
for isosorbide dinitrate determinations, and the detector block 
temperature was 180". The nitrogen carrier gas flow was 30 
ml./min. Pulse voltage was 25 v., and the electrometer range was 
1 x 10-9. 


Extraction Procedure-Five milliliters of plasma and 5 ml. of 
ethyl acetate were shaken for 5 min. in glass-stoppered tubes; 
after centrifugation for 10 min. at 4ooo r.p.m., the organic phase was 
transferred over an activated charcoal filter to a conical tube by 
means of a Pasteur pipet, avoiding the lipoprotein interface. The 
filter was rinsed before use with ethyl acetate and covered with 
sodium sulfate; afterward it was rinsed with 0.5 ml. of ethyl acetate. 
The organic phase was then evaporated under nitrogen to near dry- 
ness at room temperature. The plasma was extracted two more 
times. The yellow evaporation residue from the three extractions 
was dissolved in 0.5 ml. of ethyl acetate, filtered again through a 
filter, reevaporated to dryness, and immediately dissolved in 10 
pl. benzene to prevent evaporation of nitroglycerin. The benzene 
solution (1.6 pl.) was injected into the gas chromatograph. The 
injection was done as soon as possible after the extraction pro- 
cedure; in between the stoppered samples were stored at -18" to 
minimize evaporation of the benzene. 


Quantitation-Quantitation of the amount of nitroglycerin or 
isosorbide dinitrate present in plasma was done by using an internal 
standard; this internal standard was isosorbide dinitrate when 
determining nitroglycerin and isoidide dinitrate when assaying 
isosorbide dinitrate. A known amount of the internal standard was 
added to the plasma samples before the extraction procedure. The 
peak areas of the nitrates on the chromatogram were calculated 
by multiplying peak height times width at half height; from the 
ratio of the peak areas of the product under study and the internal 
standard, the amount of product present in the samples can be 


4 Cedona. The Netherlands. 
6 Packard Series 7400. 
0 Applied Sciences Laboratories. 
7 supelco. Inc. 


Table I-Efficacy of Extraction and Accuracy for the GLC 
Determination of Nitroglycerin and Isosorbide Dinitrate 
Added to Blank Plasmaa 


Q.uan- Mean 
tityb, Assay, 
ng. ng. RSDc, Z REd, Z 


Extraction 
Nitroglycerin 25 24.3 f6.1 -2.8 
Isosorbide 15 14.5 +3.2 -2.9 


dinitrate 
Accuracy 


Nitroglycerin 10 10.2 zk13.3 +2.2 
Isosorbide 5 4.9 f10.1 -2.0 


dinitrate 


a All determinations were done five times. b Added to 5 ml. of plasma. 
e Relative standard deviation. d Relative error. 


calculated. A calibration factor was obtained by analyzing samples 
to which known amounts of both internal standard and test product 
were added. The presence of a wide front influences an early peak 
(e.g., nitroglycerin) more than a late peak (e.g., isosorbide dini- 
trate). Since the extraction solvent determines front width, the 
calibration samples are run through the whole extraction procedure 
used for the unknown samples (1 2). 


RESULTS AND DISCUSSION 


Retention Times-The relative retention time for nitroglycerin 
as compared to isosorbide dinitrate is 0.44; for isosorbide dinitrate 
as compared to isoidide dinitrate, it is 1.69. As described previously, 
nitrated metabolites of isosorbide dinitrate and of nitroglycerin 
have retention times different from those of the parent compounds 
(9); this is also true for the mononitrate of isoidide. 


Extraction-From previous work (13) with TLC coupled with 
densitometry, it was known that microgram concentrations of 
nitroglycerin and isosorbide dinitrate can be extracted from plasma 
quantitatively. For concentrations in the nanogram range, the 
efficacy of extraction is given in Table I. 


Activated charcoal filters are very helpful in working with bio- 
logical material (14) but do not influence the impurities introduced 
by the use of the extraction solvent. Different brands of ethyl 
acetate were tried, as well as different purification methods, and 
the best results were obtained with the procedure described under 
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Figure %Standard curves using plasma samples of 5 ml. to which 
are added 5 ng. of isoidide dinitrate and varying amounts of isosorbide 
dinitrate. From the extract in I0 CJ. of benzene, 1.6 CJ. is injected in 
the gas chromatograph with electron-capture detection. The three 
curves shown were obtained on 3 different days. 
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Figure M a s  chromatograms of extracted human plasma. Key: A ,  extract from 5 ml. blank plasma; and B, isosorbide dinitrate (I5 ng.) d e d  
to 5 ml. plasma of the same subject afrer sublingual adnrinistration of nitroglycerin, 800 mcg. In both cases the extraction was done with ethyl 
acetate, and 1.6111. of the extract in 10 pl. of benzene was injected. 


Experimental. Although the wide front and baseline irregularities 
still exist, none of these irregularities interferes with the peaks of 
the three nitrates. Some large peaks due to ethyl acetate impurities 
appear much later than the nitrates, so the chromatograms have to 
run for 90 min. before one can inject another sample. 


Sendtivity-If 5 ml. of plasma is used for the extraction, the 
lower limit of detection is approximately 0.5 ng./ml. for nitroglyc- 
erin and somewhat lower for isosorbide dinitrate. As always with 
electroncapture detection, sensitivity varies from day to day; part 
of the variation is due to changes in front width and in baseline. 


Quantitation-A prerequisite for the use of an internal standard 
for purposes of quantitation is a linear relationship between the 
ratio of the peak areas of internal standard and compound and the 
quantity of the compound. This is the case (Fig. 1) for control 
plasma samples of 5 ml. to which both nitroglycerin (5-75 ng.) and 
isosorbide dinitrate (15 ng.) were added. After extraction, 1.6 pl. 
of the lC-pl, benzene extract was injected into the gas chromato- 
graph; the calibration line is linear and passes through the origin. 


Table 11-Plasma Levels (Nanograms per Milliliter) of 
Isosorbide Dinitrate at Different Times after Sublingual 
Administration of 1.25 mg. of This Substancea in Five 
Human Volunteers 


~- Minutes*----- 
Subject 4 6 15 30 50 80 


M.B. 17.5 34.5 11.1 4 .5  3.2 2 . 2  
J.W. 3.1 14.4 5 .2  3.8 2.7 1 .0  
M.D. 8 . 5  21.7 7.8 3.7 2.7 1.1 
R.M. 15.8 11.5 2 .6 1 .2  1.9 0 
M.V. 3.5  10.5 7 .3  0.5 0.6 0.2 


a A quarter of a commercially available tablet (Ced-rd, 5 me.) was 
put underneath the tongue. b Administration at r = 0 rnin. 
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The slope of the curve is, however, different from day to day. Ob- 
viously, the length of the procedure precludes the preparation of a 
new calibration curve every day. Therefore, with each set of samples 
to be assayed for nitroglycerin, two calibration samples are run 
through the assay procedure: to each 5-rnl. plasma sample, 15 ng. 
of isosorbide dinitrate and 25 or 50 ng. of nitroglycerin are added 
before the extraction procedure. From these two values, the slope of 
the calibration curve can be inferred. 


For determination of isosorbide dinitrate, isoidide dinitrate is 
added as internal standard. Here, too, the relationship between 
ratio of peak areas and ratio of concentrations is linear, as ascer- 
tained by experiments in which 5 ng. of isoidide dinitrate and 5-70 
ng. of isosorbide dinitrate were added to 5-ml. plasma samples (Fig. 
2). 


The accuracy of the method was assessed as follows. To each 5- 
ml. plasma sample, 10 ng. of nitroglycerin and I5 ng. of isosorbide 
dinitrate were added. After extraction and injection into the gas 
chromatograph, the nitroglycerin content was calculated from the 
respective peak areas, using a calibration factor obtained on the 
same day from a calibration sample containing 25 ng. of nitro- 
glycerin and 15 ng. of isosorbide dinitrate for 5 ml. of plasma. 
Likewise, to plasma samples of 5 ml., 5 ng. of isosorbide dinitrate 
and 5 ng. of isoidide dinitrate were added. The isosorbide dinitrate 
content was calculated using a calibration sample containing 
IS ng. of isosorbide dinitrate and 5 ng. of isoidide dinitrate for 
5 ml. of plasma. The results of these accuracy tests are given in 
Table I. 


As an illustration of the method, two chromatograms are shown 
in Fig. 3 from an experiment in which 800 mcg. of nitroglycerin was 
taken sublingually by a human volunteer. Figure 4 shows chromato- 
grams from an experiment in which a volunteer was given 5 me. 
isosorbide dinitrate orally; this figure also demonstrates the good 
separation of isosorbide dinitrate from its mononitrated metab- 
olites. 
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Figure M a s  chromatograms of extracted human plasma. Key: 
A, extract from 5 ml. blank plasma; B, isosorbide dinitrate (I5 
ng.) and isoidde dinitrate (5 ng.) added to 5 ml. of blank plasma 
of the same subject: and C, isoidide dinitrate (5 ng.) added to 5 ml. 
of plasma of the same subject after oral administration of 5 mg. 
of isosorbide dinitrate. Plasma was extracted with ethyl acetate; 
and from the extract in I0 p l .  of benzene, 1.6 pl. was iniected into 
the chromatograph. Note the presence of mononitrated metabolites 
in the plasma dter oral administration of isosorbide dinitrate. 
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The method described here allows specific determination of 
small amounts of organic nitrates in plasma. Plasma levels of nitro- 
glycerin, after sublingual administration of the substance in man 
using the method described here, have been published elsewhere 
(15). The results obtained with sublingual isosorbide dinitrate are 
given in Table 11. 


Use of the method described here for the study of orally given 
nitrates will hopefully lead to a better understanding of the problem 
of the long-term prophylaxis of angina pectoris by these products. 
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Estimation of Changes Induced by Drugs in Cerebral 
Energy-Coupling Processes In  Situ in the Dog 


C. BENZI’, E. ARRICONI, L. MANZO, M. De BERNARDI, A. FERRARA, P. PANCERI, and F. BERTE 


Abstract Drug action on the cerebral energy-yielding sequences 
was evaluated in uiuo aia the changes in the energy charge potential 
of the cerebral adenylate system and also the brain lactate and 
pyruvate systems. The two series of parameters were estimated 
before, during, and after hypoxernia in the hypovolemic, hypoten- 
sive beagle dog. The drugs were bemegride (6.4 X lo-‘ M), nicer- 
goline (1 X 10-4 M), and dipyridamole (2.5 X 10-4 M), which were 
perfused into the carotid artery at 0.5 ml./min. for 3 or 6 min. 
Bemegride reduces the energy charge, while dipyridarnole and 
nicergoline increase the depressed cerebral energy charge potential. 
Nicergoline requires glucose and oxygen and is sensitive to malonate 
and cocaine. 


Keyphrases 0 Drugs-effects on cerebral energy-yielding processes, 


Quantification in vivo of the action of drugs that can 
interfere in the cerebral energy-yielding sequences or 
that can modify cerebral reactions at metabolic branch 
points is a problem involving theoretical and method- 
ological considerations. Since several experimental 
conditions such as anesthesia, hypothermia, or hyper- 
capnia can produce large changes in the cerebral 
oxygen metabolic rate without disrupting the energy 


changes in charge potential of adenylate, lactate, and pyruvate 
systems using bemegride, nicer‘goline, and dipyridamole, beagle 
dogs 0 Cerebral metabolism-effect of bemegride, nicergoline, and 
dipyridarnole on energy-yielding processes, effect on adenylate, 
lactate, and pyruvate systems, beagle dogs Energy charge, 
cerebral-changes induced by bemegride, nicergoline, and di- 
pyridamole before, during, and after hypoxemia in hypovolemic, 
hypotensive beagle dogs 0 Metabolism, cerebral-drug-induced 
changes in energycoupling processes, bemegride, nicergoline, and 
dipyridamole effects, beagle dogs 0 Bemegride-effects on cerebral 
energycoupling processes, beagle dogs 0 Nicergoline-effects on 
cerebral energycoupling processes. beagle dogs 0 Dipyridamole- 
effects on cerebral energytoupling processes, beagle dogs 


balance (1-3), changes in oxygen consumption cannot 
be used to define the action of a drug on the cerebral 
energy state. On the other hand, not all of the factors 
regulating the cerebral blood flow have been clarified, 
so flow changes cannot readily be used to evaluate drug 
action on energy states. 


Furthermore, recent results have demonstrated that 
the phosphocreatine and lactate concentrations and the 
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clarified. Therefore, the epoxidation of helenalin was 
undertaken. 2,3-Epoxyhelenalin 01, map. 217 O dec.), 
2,3,11,13diepoxyhelenalin (111, m.p. 234-236’), and 
the dimethylamine adduct of 2,3-epoxyhelenalin (IV, 
m.p. 194-195’) were synthesizedl and screened for their 
cytotoxicity against the growth of tissue culture cells 
originating from human epidermoid carcinoma of 
larynx (H.Ep.-2) according to a rapid microtiter method 
(1 1). 


Comparison of the EDso values for the cytotoxicity of 
the compounds listed in Table I disclosed that both the 
2-3 double bond of Compound I and the 2-3 epoxide 
of Compound I1 gave equally effective cytotoxicity. The 
corresponding saturated compound (V) gave a 35-fold 
decrease in activity. Significant cytotoxicity could also 
be maintained when the two alkylating centers, such as 
the O=C-C=CH, system in the ketone and the lactone 
of helenalin, were masked by the epoxy moiety, al- 
though the diepoxide (111) was 5 times less active in 
comparison with helenalin (I). However, the absence of 
the diepoxy functionality in Compound 111 resulted in 
more than an 80-fold diminution in cytotoxicity (com- 
pare Compounds 111 and VI). Similar results were seen 
in the case of the dimethylamine adduct of 2,3-epoxy- 
helenalin (IV). As the epxoy group was removed, the 
activity was decreased (compare Compounds IV and 
VII). Moreover, a comparison of the activities of Com- 
pound I1 to Compounds I and 111 further indicated that 
the a-epoxyketonic moiety played a more important 
role than the cr-epoxyy-lactonic moiety in the contribu- 
tion and maintenance of the high level of cytotoxicity. 


(1) K. H. Lee, E. S. Huang, C. Piantadosi, J. S. Pagano, and 
T. A. Geissman, Cancer Res., 31, 1649(1971); and referems cited 
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(5) S. M. Kupchan, R. J. Hemingway, and R. M. Smith, J. 
Org. Chem., 34,3898(1%9). 


(6) J. L. Hartwell and B. J. Abbott, Adoan. Pharmacd. Chem- 
orher., 7 ,  117(1%9). 


(7) W. Hen. P. S. Subramaniam, P. S. Santhanam, K. Aota. 
and A. L. Hall, J. Org. Chem., 35,1453(1970). 


(8) S .  M. Kupchan, W. A. Court, R. G. D a y ,  Jr., C. J. 
Gdmore, and R. F. Bryan, J. Amer. Chem. Soc., 94,7194(1972). 


(9) S. M. Kupchan, J. E. Kelsey, M. Maruyama, J. M. Cassady, 
J. C. Hemingway. and J. R. Knox, J. Org. Chem., 34,3876(1969). 


(10) S. M. Kupchan, D. C. Fessler, M. A. Eakin, and T. J. 
Giacobbe, Science, 168,376(1970). 


(11) E. S. Huang, K. H. Lee, C. Piantadosi, T. A. Geiiman, and 
J. S. Pagano. J. Phurm. Sci., 61,1960(1972). 


KUO-HSIUNG LEE 
Department of Medicinal Chemistry 
School of Pharmacy 
University of North Carolina 
Chapel Hill, NC 29514 


Received January 9, 1973. 
Accepted for publication March 12,1973. 
Supported by U.S. Public Health Service Research Grant 1-R01- 


CA-12360-02 from the National Cancer Institute. 


Commencement of Basket Rotation Time as 
Variable in Official Dissolution Test 


Keyphmees 0 Dissolution, tablets-basket rotation time as vari- 
abk in compendial dissolution test 0 Basket rotation time-vari- 
able in compendial dissolution testing of tablets 


Sir: 


The dissolution characteristics of many dosage forms 
are now being determined by using the procedures 
described in either USP XVIII or NF XI11 (1, 2). NF 
Method I and the procedure described in the USP are 
based on the use of a basket-stirrer assembly. This 
method, although official, has been criticized by a num- 
ber of researchers’ (3, 4) who found that variable re- 
sults occur because of vibrational effects within the 
apparatus, clogging of the 40-mesh screen, and poor 
stirring characteristics of the assembly. During an 
investigation of the dissolution characteristics of several 
brands of chlorpromazine hydrochloride tablets, we 
observed another possible variable which should be 
considered when using this apparatus. 


The compendia state that the dosage form should 
be placed in the basket, immersed in the dissolution 
medium to a point where the bottom of the basket is 
2.0 cm. from the bottom of the dissolution vessel, and 
rotated at the speed specified in the monograph. 
This procedure can be varied (“Modified USP XVIII 
Method” in Table I) by placing the tablet in the basket, 
rotating the basket at the speed specified, and then im- 
mersing the rotating basket to the required depth in 
the dissolution medium. 


Dissolution values (Table I) for one brand of chlor- 
promazine hydrochloride tablets were obtained by 
using the USP XVIII procedure and the modification 
of it just described. The dissolution medium was simu- 
lated gastric fluid USP (without enzyme), the total vol- 
ume of medium was 900 ml., and the basket was rotated 
at 50 r.p.m. 


The tablets were purported to contain 25.0 mg. of 
active ingredient. Ten tablets were assayed individually 
by using the procedure described in USP XVIII. Values 
ranged from 24.60 to 25.75 mg./tablet and indicated 
that there was little variability with respect to drug 
content. 


Table I shows that drastically different results are 
obtained by a seemingly minor modification in the 
USP procedure. For example, T60% values change from 
23.4 to 39.3 min. but, at the same time, the modified 
USP method yields more reproducible results (that 
is, the standard deviation values are, in general, less 
than those reported in column 2 of Table I). 


The reason for the variation in results is not at once 
evident but appears to be related to the mesh size of the 
basket (40 mesh). Studies with a 10-mesh basket yielded 
relatively the same values by both methods, but the 
values were much less than those shown in Table I. 
For example, the T60% value for this product was ap- 


1 K. H. Lec S. H. Kh. H. Furukawa, C. Piantadosi, and E. S. Huang, 
unpubhrhcd data. 


1 R. H. Blythe and W. J. Mader, “Report of the USP-NF Joint 
Panel on Physiological Availability,” personal communication, 1969. 
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Table I-Dissolution Values for Chlorpromazine 
Hydrochloride Tablets 


~~ 


Modified USP XVIII 
T Valuee USP XVIII Method Method 


4.5 f 1.3 6.7 f 2.2 
12.5 f 4.4 
23.4 f 7.6 
35.8 f 10.3 


20.5 * 2.3 
39.3 f 1.8 
60.6 f 2.7 


Each T value (min.) is the mean of 10 determinations f SD. 


proximately 9 min. when a 10-mesh basket was used. 
Furthermore, variable results were not obtained when 
other brands. of chlorpromazine hydrochloride tablets 
were tested or, if observed, the degree of variability 
was much less than that shown in Table I. This would 
appear to indicate that the inherent characteristics of 
the tablets tested led, in part, to the type of variability 
reported here. 


The “correct” dissolution conditions are always 
difficult to establish, particularly in the absence of in 
niuo data. It is important, therefore, to standardize a 
procedure carefully in order to evaluate accurately 
various lots of the same drug product. From the re- 
sults reported here, it appears that the time at which the 
rotation of the basket is commenced is important and 
that any variation from a standardized approach may 
yield variable results. 


(1) “The United States Pharmacopeia,” 18th rev., Mack Pub- 
lishing Co., Easton, Pa., 1970, pp. 934,935. 


(2) “The National Formulary,” 13th ed., Mack Publishb Co., 
Easton, Pa., 1970, pp. 802, 803. 
(3) W. F. Beyer and D. L. Smith, J. Pharm. Sci., 59,496(1970). 
(4) P. T. Shah and W. E. Moore. aid., 59,1034(1970). 
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Identification of 2’-[3-(Dimethylamino)- 
propoxylcinnamanilide ”-Oxide by Mass 
Spectral Thermolysis 


Key phrases 0 2’-[3-(Dimethylamino)propoxy)cinnamanilide Nf- 
oxide-identified using mass spectral thermolysis 0 N-Oxides- 
identification of 2’-[3-(dimethylamino)propoxyJcinnamanilide N 
oxide using mass spectral thermolysis 0 Mass spectral thermolysis 
-identification, “-oxide of 2’-(3-(dimethylamino)propoxylcin- 
aamanilide 


Sir: 


The Occurrence of N-oxides as natural products or as 
metabolites of pharmacologically active compounds 


H O  
0 


was reviewed previously (1). The only mass spectral 
studies of N-oxides have been those of aromatic N- 
oxides that usually exhibit the M+-16 ion, instead of 
the M+, as the highest mass ion (2). Mass spectrometry 
was used to elucidate the structures of some thiopro- 
pyldimethylamino-N-oxide metabolites (3). In this 
report, these observations are extended to the thermoly- 
sis of 2’-[3-(dimethylamino)propoxy~innamanilide N‘- 
oxide (I). 


Since volatilization of the N-oxide base, I (mol. wt. 
340), occurs very near its thermolysis point, the spectra 
obtained at temperatures below 150’ were extremely 
weak and would not normally suffice to establish the 
structure of metabolites in the presence of the usual 
artifacts. Generally, the similarity in the mass spectra’ 
of N-oxides and of free amines would make it difficult to 
assign structures to N-oxide metabolites. However, 
variation of the ion-source temperature does permit 
differentiation of amines and their N-oxides. At 155 O 


or higher, I showed no M+, and the M+- 16 ion, though 
still present, was diminished in intensity relative to the 
m/e 279 ion (Table I). The composition of the m/e 279 
(M+-61) ion corresponds to the olefin, 111, formed by 
the Cope elimination of an N-oxide (5). 


The N-oxide hydrochloride, I-HCI, shows the M+- 
16 ion, the m/e 58 ion, and a temperature-dependent ion 
at m/e 279. At I85’, fragment ions of I-HCI are present 
at M+- 18 and M+-30 (the former b&ng a dehydra- 
tion product) but are absent at higher temperatures. 
At temperatures >185’, the m/e 279 ion is more in- 
tense. However, the persistence of the M+-16 ion, 
coupled with the increase in intensity of the m/e 58 ion, 
demonstrates that the thermolysis of I-HCI yields more 
I1 (mol. wt. 324) than does the thermolysis of I. 


Differential thermal and thermal gravimetric analyses’ 
also show the difference in the thermolysis of the hydro- 
chloride and the free base of the N-oxide. The hydro- 
chloride, I-HCI, melts in two exothermal steps at 186 
and 191’, with a total loss of 7 x  of its weight. Since 
the loss of oxygen requires a weight loss of 4.3x ,  and 
the Cope elimination product requires a weight loss of 
12%, the intermediate value for weight loss demon- 
strates that a mixed-product thermolysis can occur and 
substantiates the mass spectral results, which show that 
various thermolytic products were formed. But the 
free base of the N-oxide, I, showed an endotherm at 


The .equipment and experimental technique for obtaining the 
electron-impact spectra were described in Reference 4. * Performed on a Dupont analyzer. 
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Inhibitors of Hydroxyindole-0-methyltransferase: 
Indolealk y lpiperazines 


BENC T. HO', P. M. GARDNER, and WILLIAM M. McISAAC 


Abstract 0 Two antipsychotic agents, oxypertine and haloperidol, 
were both found to be in vitro inhibitors of bovine pineal hydroxy- 
indole-0-methyltransferase. A series of indolealkylpiperazines 
structurally related to oxypertine was evaluated for inhibitory 
activity with the enzyme. The most potent inhibitor of this study, 
1-(2-chlorophenyl)-4-[2(5,6-dimethoxy - 3 - indolyl)ethyl]piperazine, 
exhibited a mixed-type inhibition. The possible mode of binding of 
these inhibitors to the enzyme was discussed. 


Keyphrases Hydroxyindole-0-methyltransferase-indolealkyl- 
piperazines as inhibitors, in vitro 0 Indolealkylpiperazines- 
tested in vitro as inhibitors of hydroxyindole-0-rnethyltransferase, 
mode of binding 0 Haloperidol-in oirro inhibition of hydroxy- 
indole-0-methyltransferase, mode of binding 0 Oxypertine- 
in vitro inhibition of hydroxyindole-0-methyltransferase, mode of 
binding 


Oxypertine, I-[2-(5,6-dimethoxy-2-methyl-3-indolyl)- 
ethyl]-4-phenylpiperazine (I), a compound that has been 
reported to be effective in the treatment of schizophrenia 
(I-4), was found in our laboratories to be a potent 
in oirro inhibitor of hydroxyindole-0-methyltransferase. 
A widely accepted hypothesis proposes the formation of 
psychotomimetic compounds from endogenous biogenic 
amines, such as serotonin (5-hydroxytryptamine), as an 
etiological factor in schizophrenia. The formation of a 
compound such as O,N,N-trimethylserotonin (O-meth- 
ylbufotenine) in the body can be prevented by an 
inhibitor of hydroxyindole-0-methyltransferase, and 
this might explain the mechanism of action of anti- 
psychotic agents such as oxypertine. In the present 
study, a series of indolealkylpiperazines structurally 
related to oxypertine was evaluated for their inhibitory 
activities with hydroxyindole-0-methyltransferase. 


EXPERIMENTAL' 


Compounds-The compounds (Table I) were dissolved in glacial 
acetic acid and then diluted with water to a concentration of 0.Zz 
acetic acid. 
Assay-Hydroxyindole-0-methyltransferase was isolated from 


beef pineal gland and purified according to the method of Axelrod 
and Weissbach (5). Incubation was carried out with N-acetyl- 
serotonin and S-adenosyl-L-methionine-methyl-1Y: according to the 
procedure previously described (6). 


RESULTS AND DISCUSSION 


The inhibitory activity of oxypertine (I) increased with the sub- 
stitution of H for CHI in the 2-position. The 1.5-fold increase in 
activity of VIII over I could indicate a lack of tolerance of the en- 
zyme for the 2-CHa group. The undesirable effect of the methyl 
group at the 2-pi t ion in I could be overcome with a 2ethyl group; 


~ _ _ _ _ _ _ ~  ~~~~ 


1 All indolealkylpiperazines (Table I) were supplied by Sterling- 
Winthrop Research Institute. Rensselaer. N. Y., and haloperidol (Hal- 
dol) was supplied by McNeil Laboratories, Inc.. Fort Washington, Pa. 


VII was slightly more active than VJlI and was twice as active as I. 
The extended carbon chain might have resulted in an involvement of 
the terminal CHI of CHzCHl group to a hydrophobic region of the 
enzyme. 


The inhibitory activity of 1 did not increase to a large extent with 
the substitution of a fluorine atom on thepara-pition of the phenyl 
ring to give 11. The introduction of a hydrophobic group or atom 
such as CHr (r = +0.56) or C1 ( x  = +0.71) (7). however, increased 
the inhibition of the enzyme. Thus, compounds with &CHI (IV) and 
m-CHa (VI) groups were both better inhibitors (1.5-fold) than I. 
Similarly, thepCI of 111 doubled the inhibitory activity. No increase 
in inhibition was observed with substitution of an o-OCHS group in 
V; this could be attributed to the hydrophilic nature of the OCHt 
group (r = -0.02), which differs from the other two hydrophobic 
CHI and CI groups. 


In the 2-H series, no increase in activity of VIII was observed by 
the pCH,  group of JX; the substitution of an 6 1  group in X, 
however, increased inhibition by more than fivefold. 


Extension of the side chain of VIII by inserting CHI between the 
piperazinyl and phenyl groups resulted in about a 1.5-fold loss of 
activity, indicating the decrease in the tolerance of the enzyme for 
the C H Z C ~ H ~  group of XI. 


There was a requirement of at least two methylene (CHr) groups 
to bridge the indole nucleus with the piperazinyl moiety of VIII, 
since shortening of the chain to one C K ,  as in XII, reduced the 
activity 22-fold. 


The binding of the two piperazinyl nitrogen atoms remained to be 
evaluated. In compounds of the present study, the two nitrogens, 
both being tertiary amines and one of the two also an anilino nitro- 
gen, are in fact weakly basic. No correlation can be found between 
the inhibitory activities and their pKa values (Table IJ). 


Haloperidol, another antipsychotic drug, was also found to inhibit 
hydroxyindole-O-rnethyltransferase in vittw (Table I); its activity 
was about one-sixth of theoxypertine(1). 


Kinetic studies were carried out with the four indolealkyl- 
piperazines (1. VIII-X) having low 150 values. Lineweaver-Burk 


-4 -3 -2 -I 1 2 3 4 5 6 7  
$ + M - I )  x 10-4 


Figure 1-Lineweaver-Burk plot of inhibition of bovine pineal hy- 
droxyindole-0-methyltransferase by X. Key: 0, no inhibitor (0.2% 
aceticacid);A,5X I P M ; a n d O , 9 X  IO-'M. 
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TaMe I-Inhibition of Hydroxyindole-0-methyltransferase by lndolealkylpiperazines . . . -  


Compound R6 Rc Rz X R I d .  m M  


111 
IVb 
VC 


V P  
VIP 


Vl l l  
IX 
X 


XI 
XI1 


XI11 
Haloperidol 


OCH; 
OCHI 
OCHa 
OCH, 
OCHI 
H 


H 
H 
H 
H 


-~~~ 
CH~CH; 
CHICHI 
CHICHI 
CHI 
CHICHZ 


0.078 


0.038 
0.069 


0.045 
0.084 
0.047 .. 
0.039 
0.049 
0.047 
0.0089 
0.072 
1.09 


0.46 
>O. 3 


4 Concentration of an inhibitor giving 50% inhibition of the enzyme. Hydrochloride salt. Tartrate. 


Table 11-Ki and pKa values for Indolealkylpiperazines REFERENCES 


Ki ,  rMa 
Compound Competitive Noncompetitive pKab 


I 
VIII 
IX 
X 


13.2 
8.1 
8.7 


61.4 
53.6 
53.2 


6.6 
6.  8 
6 .9  


1 . 5  8 . 5  7.0 
4 7.  i XI1 -C 


(I Substrate: N-acetylserotonin; Km = 3.75 X 10-6 M. A: sample 
of 0.01 mmole of each compound was dissolved in 15 ml. ethanol and 
made up to 25 ml. with water. To the solution was added 1 ml. of 0.025 
N HCI. and it was back-titrated with 0.0227 N NaOH. The pKa values 
were calculated by the method of Albert and Serjeant (9). Not deter- 
mined. 


dots. using the method of least squares, showed that all four com- 


( I )  A. Skarbek and M. Jacobsen, Brit. J. Psychiat., Ill ,  1173 


(2) A. Skarbek and G. B. Hill, ibid., 113, 1107(1967). 
(3) F. J. Wadzisz, Curr. Ther. Res., 11,784(1969). 
(4) J. Claghorn and J. C. Schoolar, J. Clin. Pharmacd., 10, 


( 5 )  J. Axelrod and H. Weissbach, J. Biol. Chem., 236,211(1961). 
(6) B. T. Ho, W. M. McIsaac, and L. W. Tansey, J. Pharm. Sci., 


58, 130(1969). 
(7) T. Fujita, J. Iwasa, and C. Hansch, J. Amer. Chem. Sm., 86, 


517x3964). 
(8) R. M. Krupka, Biochemistry, 3,1749(1964). 
(9) A. Albert and E. G. Serjeant, “Ionization of Acids and Bases,” 


Methuen and Co., Ltd., London, England, 1962. 


(1965). 


203(1970). 


pounds exhibited a mixed-type inhibition with the bovine pineal 
hydroxyindole-0-methyltransferase, The plot of the best inhibitor, 
X, is illustrated in Fig. 1. By using the method of Krupka (8), the K, 
values were then calculated (Table 11). The inhibition of O-methyla- 
tion of N-acetylserotonin by these compounds was more competi- 
tive than noncompetitive in nature. The K, values of all compounds, 
especially the competitive component, are the same order of 
magnitude as the IS0 values of the corresponding compounds listed in 
Table I. 
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Figure 20-Cro~s-sectional view of Product S, moistened (about 
720X). 


content and distortion caused by pressure. Fuhrer (3) mentioned 
that pressure distorts potato starch grains and theorized that energy- 
rich grains are formed, so that no additional energy is needed for 
swelling. Close scrutiny of the grains before and after water was 
added seemed to indicate that the gmh are less angular, suppprt- 
ing the theory that thae is a degree of restoration to the origrnal 
grain shape due to hydration of the starch molecules. The hydra- 
tion and resulting effects occur rapidly (i.e., a fraction of a second). 
The hydration of the hydroxy groups and sorption of water could 
account for the slight swelling (5-1Oz) of the starch (9, 11). This 
amount of swelling could result in about a 70% increase in volume, 


and the swelling would take a few seconds. These two combined 
&ects of the attachment of water molecules and the increase in 
volume of the grains cause sufficient force to break up the tablet. 
Channels or pores lined with starch grains were not manifest in 
any of the surfaces examined. Therefore, the thesis that starch 
grains act as as a “wicking agent” and draw water into the tablet 
should be layed aside. The conditions for rapid disintegration are 
sufficient starch agglomerates, low pressure, and presence of water. 
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Dissolution Rate Studies 111: Effect of Type and 
Intensity of Agitation on Dissolution Rate 


J. TINGSTAD’, E. GROPPER, L. LACHMAN, and E. SHAM1 


Abstract 0 The effect of flow rates on dissolution rates using a 
continuous flow, column-type apparatus was determined. The 
flow method of agitation is compared to three other types used with 
the static beaker procedure. The advantages of the column-type 
apparatus in attaining low intensities of agitation without sacrific- 


ing accuracy or homogeneity are discussed. 


Keyphrasea 0 Dissolution rates-effect of flow agitation, compared 
to compendia1 methods, column-type equipment 0 Agitation, 
column flow type-effect on dissolution rates, compared to com- 
pendial methods 


The importance of low agitation intensities in de- 
tecting real differences in dissolution rates and in 
obtaining good in oirro-in pi00  correlations in dissolu- 
tion rate experiments has been established (1, 2). In 
addition, the importance of the accurate control of the 


degree of agitation has been pointed out (2). However, 
the use of low agitation intensities and the accurate 
control of variables associated with agitation are 
severely limited with the static beaker method but not 
with the continuous flow, column-type procedure (3, 
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Figure I-Pseudo-zero-order plot showing the dissolution of salicylic 
acid constant-surface pellets in the 13-mm. dissolution chamber (pOw 
method) at various flow rates. Key: A ,  5.48 ml.lmin.; B, 13.3 ml.1 
min.; C, 21.8 ml.lmin.; D ,  36.6 ml.lmin.: and E, 47.2 ml./min. The 
plot for 45.1 ml./min. is too close lo that for 47.2 ml.lmin. to be de- 
picted here. 


4). This article reports the effect of flow rates (Le., 
liquid velocity) on dissolution rates using a column- 
type apparatus and compares the columnar flow type 
of agitation with that provided by: (a) the USP XVII1 
disintegration apparatus, (b) a three-bladed stirrer, and 
(c) the USP XVIII-NF XI11 rotating basket in the 
static beaker method. 


EXPERIMENTAL 


Preparation of Constant-Surface Pellets-Constant-surface pel- 
lets of analytical grade salicylic acid (without lubricant) were pre- 
pared in the usual manner, using a 0.56-cm. (0.22411.) circular 
punch and die and compressing at  2724-kg. (6000-lb.) pressure. The 
finished pellets weighed 200 mg. and varied less than 0.2 in weight. 
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Figure 2-Pseudo-zero-order plot showing the dissolution of salicylic 
acid constan t-surfme pellets in the 25-mm. dissolution chamber @w 
method) at various flow rates. Key: A,  13.1 ml.lmin.: B, 21.3 mI.1 
min.; and C, 34.1 ml.lmin. The plot for 36.4 ml.lmin. is too close to 
that for 34.1 m1.lmin. to be depicted here. 
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Figure 3-Log-log plot of QA (liquid velocity) versus dissolution rate. 
Key: 0,13-mm. dissolution chamber; and 0,25-mm. dissolution cham- 
ber. See text for further explanation. 


Procedure for Flow Method-The column-type apparatus used 
in these experiments was described in detail previously (5 ) .  The 
effluent solution was routed through a l-cm. spectrophotometric 
flow cell and then into a receptacle. The temperature was 25.0 =t 
0.1 ', and the solvent system was 0.1 N HCI with 0.05% polysorbate 
80 added to ensure uniform wetting of the solid. The flow rate was 
held constant for each experiment but was varied among experi- 
ments by adjusting the setting on the solid-state speed control. 


Between determinations, the dissolution chamber (13- and 25-mm. 
size) was cleaned and the system was flushed until the UV absorb- 
ance receded to a constant value. A blank was taken, the pump was 
turned off, and the dissolution chamber was disassembled. The 
pellet was placed in a small beaker and cleansed of loose powder 
with solvent; then it was placed in the dissolution chamber at the 
center of the lower support screen. The chamber was reassembled 
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Figure 4-SemiIog plot of flow rate versus dissolution rate. Key: 
A, 25-mm. dissolution chamber; and B, 13-mm. dissolution chamber. 
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Figure 5-Semilog plot of QA (liquid oelocity) versus dissolution 
rate. Key: A, @, 25-mm. dissolution chamber: and B, 0, 13-mm. cell. 
See text for further explanation. 


and placed in the constant-temperature bath containing the sol- 
vent reservoir. The pump was activated and the system was allowed 
to flush for exactly 5 min.; this time was sufficient to stabilize the 
dissolution rate as determined by the continuous tracing on the 
strip chart. The effluent solution was then collected in three to five 
volumetric flasks of appropriate size for about 60 min. The ab- 
sorbance of each fraction was determined at 303 nm., and the 
amount dissolved (along with the flow rate) was calculated from 
absorbance-volume-time measurements. 


Procedure for Beaker Method-The temperature, solvent sys- 
tem, and pellet treatment were identical to those used in the flow 
method. Exactly 900.0 ml. of solvent in a 1-1. jacketed beaker was 
used in each case, and the volume lost through sampling was im- 
mediately replaced. Sampling was begun 5 rnin. after introduction 
of the pellet to correspond to the procedure used in the flow method. 
Samples were taken every 15 min. thereafter for 60 min. 


When the USP-NF rotating basket was used for agitation, the 
pellet was placed inside it and the basket was stationed in the center 
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Figure 6-Pseudo-zero-order plot showing the dissolution of salicylic 
acid constant-surface pellets in the beaker method using a three- 
bladed stirrer at various rotational speeds for agitation. Key: A ,  
50 r.p.m.; B, 100 r.p.m.; C, I S 0  r.p.m.; and D ,  200 r.p.m. 
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Figure 7-Pseudo-zero-order plot showing the dissolution of salicylic 
acid constant-surface pellets in the beaker method using the USP 
disintegration apparatus ( A )  and the USP-NF rotating basket (B,  
50 r.p.m.; C, I00 r.p.m.; and D ,  I50 r.p.m.) for agitation. 


of the liquid 2.0 cm. from the bottom. Samples were taken from the 
same position in the beaker each time. Rotational speed was varied 
among experiments using solid-state speed control. 


With the three-bladed stirrer (1.5-cm. blades positioned in the 
center of the liquid 2.0 cm. from the bottom), the pellet was placed 
in the USP-NF basket and held stationary at the side of the beaker 
halfway between the top and the bottom of the liquid. Rotational 
speed was varied as before. 


The USP disintegration apparatus was used at  the official speed 
only. The pellet was not placed on the Screen but on the bottom of 
the beaker to avoid physical abrasion by the vertical motion of the 
screen. Experiments with both the flow and beaker methods were 
conducted in duplicate. 


RESULTS 


Flow Method-The dissolution of the salicylic acid pellets at 
various flow rates using the 13- and 25-mm. dissolution chambers 
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Figure 8-Plot showing the e@t of rotational speed on dissolution 
rate using the three-bladed stirrer. 
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FSgure %-Plot showing the effect of rotational speed on dissolution 
rate using the USP-NF rotating basket. 


is shown in Figs. 1 and 2, respectively. In this type of system the 
usual correlation between dissolution rate and flow rate takes the 
form: 


dissolution rate 0: (QA)~.’”.’  (Eq. 1) 


where QA is the liquid velocity (centimeters per minute) and equals 
the flow rate (milliliters per minute) divided by the cross-sectional 
area of the dissolution chamber (0.765 and 3.87 cm.2 for the 13- 
and 25-mm. units, respectively). Thus, a plot of log dissolution rate 
versus log liquid velocity yields a straight line with a slope of 0.2- 
0.5. The slope of the line in Fig. 3 is 0.6. 


For each individual dissolution chamber, the dissolution rate 
was found to vary logarithmically with the flow rate within a cer- 
tain range (Fig. 4), and a plot of liquid velocity versus log dissolu- 
tion rate yields the two-slope linear relationship shown in Fig. 5.. 
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Flgure 10-Nomogram showing the relative effect of agitation on dis- 
solution ratefor theflow method(l3- and 25-mm. chambers at various 
flow rates in milliliters per minute) and the beaker method (DT,  USP 
disintegration apparatus at oficial speed; RB, USP-NF rotating 
basket at various rotational speeds in reoolutions per minute; and38, 
three-bladed stirrer at various rotational speeds in revolutions per 
minute). 


Figure 11-Continuous UV tracings of dissolution rate versus time 
for salicylic acid constant-surface pellets. Lower curve (25-mm. 
chamber at flow rate of 80 ml./min.) shows sharp rise in dissolution 
rate when pellet is moved from edge ( E )  of lower support screen to 
center (0. Upper curve is standard tracing at nonturbulent flow rate 
(25-mm. chamber at 13.1 ml./min.). 


Beaker Method-The dissolution behavior of the pellets in the 
beaker experiments is shown in Figs. 6 and 7. A linear relationship 
was found between dissolution rate and agitation intensity for the 
three-bladed stirrer for the 50-200-r.p.m. range (Fig. 8). A similar 
relationship was found for the USP-NF rotating basket between 
50 and 150 r.p.m. (Fig. 9). These results are similar to those ob- 
tained by Levy et al. (6). 
Comparison of Methods-An estimate of the equivalence of agita- 


tion intensity from one method t o  the next, under the conditions of 
these experiments, can be made quickly using the nomogram in 
Fig. 10. 


DISCUSSION 


Flow Method-The discrepancy between the slope of the line in 
Fig. 3 and the “theoretical” range of 0.2-0.5 is probably because 
the dissolving solid was a single pellet rather than a packed bed of 
nondisintegrating granules (3).  The data points obtained at 34 
and 36 ml./min. with the 25-mm. chamber and those determined at  
45 and 47 ml./min. with the 13-mm. unit were not included in this 
plot. Although these points exhibited a reasonable degree of cor- 
relation (and their exclusion did not result in an appreciable change 
in the value of the slope), their deviation from the straight line and 
the semilog nature of the plots in Fig. 4 made their exclusion Seem 
appropriate. 


At present, we have no theoretical explanation for the deviations 
nor for the apparent semilog relationship between dissolution rate 
and flow ratelliquid velocity. A partial explanation could involve: 
(a) the geometry of the dissolution chambers, (b) the drag associated 
with solvent flowing past the cylindrical pellets, and (c) the involve- 
ment of more “actual” surface area of the pellet due to increased 
fluid velocity. The validity of the semilog relationship and of the 
dual slope nature of the plots (under the conditions of these experi- 
ments) is strengthened by the fact that the nonlinear point (5.48 
ml./min. flow rate) for the 13-mm. cell in Fig. 4 falls on the line 
for the 2Smm. unit in Fig. 5 (open circle on plot A). 


The plots in Figs. 4 and 5 were not extended beyond 36 ml./min. 
for the 25-mm. chamber or beyond 47 ml./min. for the 13-mm. unit 
because results were too erratic with faster Row rates. Apparent dis- 
solution rates above those limits were lower than those for lower 
flow rates. The cause of this anomaly is the greatly increased tur- 
bulence at higher flow rates. The pellets did not remain in the center 
of the lower support screen but tended to slide along the screen until 
they reached an eddy (usually close to the edge) and then stopped. 
At these higher flow rates (up to 80 ml./min.), the dissolution rate 
varied noticeably, depending upon where the pellet was located on 
the screen. This can be seen clearly in Fig. 1 1  (lower curve) where 
the continuous differential plot of dissolution rate versus time, ob- 
tained from the recording spectrophotometer, shows a marked in- 
crease when the pellet was moved from the edge to the center of the 
screen. 


As expected, this phenomenon is especially apparent with the 
larger chamber. The problem does not seem to occur to any ap- 
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preciable extent a t  lower flow rates. This finding gives rise to the 
interesting observation that, for constant-surface pellets, the system 
is, in a sense, more “homogeneous” at  lower agitation intensities. 
Determination of solvent flow patterns in the dissolution chambers 
a t  different flow rates would aid in the selection of proper flow rates 
for any particular system. Such studies, using the method described 
by Withey and Bowker (7), are in progress in these laboratories. 
Beaker Method-In a previous publication ( 5 )  dealing with tablet 


formulations, the three-bladed stirrer (50 r.p.m.) method of agita- 
tion resulted in a faster dissolution rate than the rotating basket 
method (100 r.p.m.). Yet the nomogram in Fig. 10 shows that the 
three-bladed stirrer, even at 200 r.p.m., produced a slower dissolu- 
tion rate than the rotating basket at 100 r.p.m. The following ex- 
planation emphasizes the inherent difficulties associated with the 
beaker system. When working with disintegrating tablets, the gran- 
ules fall out of the basket and are then subject to lower (actual) 
agitation intensities beause they are not in close proximity to the 
basket. This problem is compounded by the fact that the basic 
design of the basket makes it a poor stirring device for the solvent. 
The three-bladed stirrer was designed to agitate and therefore 
provided greater agitation than did the rotating basket in the tablet 
formulation experiments, especially after disintegration took place. 
However, with the nondisintegrating pellet the solid remains in the 
basket and is continuously subjected to the recorded rotational 
speed. Furthermore, in these experiments, the pellet was in the 
stationary basket well removed from the three-bladed stirrer; thus 
the agitation intensity near the pellet was considerably less than 
that near the blades. With the USP disintegration apparatus, the 
dissolution of the pellet was undoubtedly slowed by positioning it 
on the bottom of the beaker. 


These results indicate that, with the beaker method, unwanted 
variations are likely, depending on the nature of the dissolving 
solid (disintegrating or nondisintegrating) and the particular condi- 
tions of the experiment (placement of the solid in relation to the 
stirrer, etc.). In addition, the “constant” stirring does not yield a 
constant (effective) agitation intensity throughout experiments 
with disintegrating tablets; the agitation near the intact tablet is 
quite different from that near disintegrated particles dispersed 
throughout the medium. 


Comparison of Methods-The inherent deficiencies of the beaker 
method are essentially absent with the flow method. First, after 
defining the cell size, the only variable under nonturbulent flow 
conditions is the flow rate. Even under turbulent flow conditions, 
the problems seen with the pellet are reduced with disintegrating 
tablets, since the granules are usually small enough to circulate 
throughout the dissolution chamber. 


Second, in light of the importance of low agitation intensities, 
it is encouraging to see (Fig. 10) that flow rates of less than 10 ml./ 
min. with the 25-mm. cell yield agitation intensities lower than those 
provided by the three-bladed stirrer a t  50 r.p.m. The inherent ad- 
vantages of the flow method are emphasized by the fact that the 
lower flow rates needed for more laminar flow are most likely to 
yield meaningful in vitrci-in vivo correlations. 
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Evaluation of Tablet Breaking Strength Testers 


FRANK W. GOODHART’, J. RONALD DRAPER, DOUGLAS DANCZ, and FRED C. NINGER 


Abstract 0 The objective of this study was to determine the rela- 
tive merits of various tablet hardness testers now used along with 
one new tester, the Heberlein (Tester A). The Instron Tension- 
Compression machine (Tester B) was used as the standard machine 
to which all comparisons were made. A force washer was calibrated 
using the Instron machine, and the identical force washer anvil setup 
was used on various air-operated testers for comparative measure- 
ments. The air-operated testers studied were the Strong-Cobb 
(Tester C1) and three modified Strong-Cobb testers (Testers C2, 
C3, and C4). At an lnstron breaking load of 6.00 kg., Testers C2, 
C3, and C4 gave scale readings (kilograms per square inch) of 
9.60,9.53, and 10.2, while Tester C1 gave a reading of 10.8. Tester 
A results were 10-15% higher than those of Tester C1 when the 
units of comparison were Strong-Cobb units. The kilogram scale on 


Tester A gave values about 10% higher than those of Tester B. 
A review of the current literature on this subject is given together 
with a theoretical analysis of tablet breaking. From the results 
obtained, it is apparent that there are distinct advantages to using a 
hardness tester with a mechanical drive rather than a pneumatic 
type, because more uniform force application rates may be achieved 
and there is less maintenance work and less need for calibration 
checks. 


KeyphraPes 0 Tablets, strength-evaluation and comparison of six 
testers, theoretical aspects of tablet breaking 0 Strength, tablets- 
evaluation and comparison of six testers, theoretical aspects of 
tablet breaking 0 Hardness testers for tablets-mechanical versus 
pneumatic driven, theoretical aspects of tablet breaking, calibra- 
tion method for force response 


The determination of tablet breaking strength (tablet 
hardness test) has become an important measurement 
in the formulation and manufacture of compressed tab- 


lets. During formulation, breaking strength is deter- 
mined along with friability and disintegration-dissolu- 
tion measurements since these factors are often inter- 
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The method described here allows specific determination of 
small amounts of organic nitrates in plasma. Plasma levels of nitro- 
glycerin, after sublingual administration of the substance in man 
using the method described here, have been published elsewhere 
(15). The results obtained with sublingual isosorbide dinitrate are 
given in Table 11. 


Use of the method described here for the study of orally given 
nitrates will hopefully lead to a better understanding of the problem 
of the long-term prophylaxis of angina pectoris by these products. 
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Estimation of Changes Induced by Drugs in Cerebral 
Energy-Coupling Processes In  Situ in the Dog 


C. BENZI’, E. ARRICONI, L. MANZO, M. De BERNARDI, A. FERRARA, P. PANCERI, and F. BERTE 


Abstract Drug action on the cerebral energy-yielding sequences 
was evaluated in uiuo aia the changes in the energy charge potential 
of the cerebral adenylate system and also the brain lactate and 
pyruvate systems. The two series of parameters were estimated 
before, during, and after hypoxernia in the hypovolemic, hypoten- 
sive beagle dog. The drugs were bemegride (6.4 X lo-‘ M), nicer- 
goline (1 X 10-4 M), and dipyridamole (2.5 X 10-4 M), which were 
perfused into the carotid artery at 0.5 ml./min. for 3 or 6 min. 
Bemegride reduces the energy charge, while dipyridarnole and 
nicergoline increase the depressed cerebral energy charge potential. 
Nicergoline requires glucose and oxygen and is sensitive to malonate 
and cocaine. 


Keyphrases 0 Drugs-effects on cerebral energy-yielding processes, 


Quantification in vivo of the action of drugs that can 
interfere in the cerebral energy-yielding sequences or 
that can modify cerebral reactions at metabolic branch 
points is a problem involving theoretical and method- 
ological considerations. Since several experimental 
conditions such as anesthesia, hypothermia, or hyper- 
capnia can produce large changes in the cerebral 
oxygen metabolic rate without disrupting the energy 


changes in charge potential of adenylate, lactate, and pyruvate 
systems using bemegride, nicer‘goline, and dipyridamole, beagle 
dogs 0 Cerebral metabolism-effect of bemegride, nicergoline, and 
dipyridarnole on energy-yielding processes, effect on adenylate, 
lactate, and pyruvate systems, beagle dogs Energy charge, 
cerebral-changes induced by bemegride, nicergoline, and di- 
pyridamole before, during, and after hypoxemia in hypovolemic, 
hypotensive beagle dogs 0 Metabolism, cerebral-drug-induced 
changes in energycoupling processes, bemegride, nicergoline, and 
dipyridamole effects, beagle dogs 0 Bemegride-effects on cerebral 
energycoupling processes, beagle dogs 0 Nicergoline-effects on 
cerebral energycoupling processes. beagle dogs 0 Dipyridamole- 
effects on cerebral energytoupling processes, beagle dogs 


balance (1-3), changes in oxygen consumption cannot 
be used to define the action of a drug on the cerebral 
energy state. On the other hand, not all of the factors 
regulating the cerebral blood flow have been clarified, 
so flow changes cannot readily be used to evaluate drug 
action on energy states. 


Furthermore, recent results have demonstrated that 
the phosphocreatine and lactate concentrations and the 


758 0 Journal of Pharmaceutical Sciences 







lactate-pyruvate ratio are influenced by the intracellular 
pH, even if hypoxia is absent (4), so the lactate-pyruvate 
ratio must be used with caution. Therefore, the changes 
in the energy charge of the adenylate system were 
estimated. 


The adenosine monophosphate level may be im- 
portant in determining whether glycolysis or gluconeo- 
genesis will predominate (5 ,6) ,  and the balance between 
the adenine nucleotide concentrations may be a major 
regulating factor at every point where a metabolite is 
partitioned between energy-yielding and energy-de- 
manding or energy-storing processes (7-9). This is 
stated in terms of the energy charge of the adenylate 
pool (10, l l ) ,  a parameter that is intended to quantify 
the energy state of the cell. The control of adenosine 
triphosphate-regenerating sequences and, especially, 
regulation of interaction between adenosine triphos- 
phate regeneration and processes that utilize adenosine 
triphosphate must clearly respond to the energy balance 
of the cell rather than to the concentration of a single 
metabolite (1  2). Then any drug-induced increase or 
decrease in the cerebral energy charge potential will 
be the result of the power to increase or decrease the 
rates of reactions that control adenosine triphosphate 
regeneration and to decrease or increase the rates of 
reactions controlling adenosine triphosphate use; both 
of these changes counteract the modifications in the 
energy charge of the brain. 


This report concerns the drug-induced changes in the 
cerebral energy charge of the dog with normal tension, 
in hypovolemic hypotension, during control conditions, 
during hypoxia, and during recovery after hypoxia. 
Bemegride, nicergoline, and dipyridamole were chosen 
because of their metabolic action (13-18). 


METHODS 


Animals and Anesthesia-The experiments were carried out on 48 
male beagle dogs at 240-360 days of age and weighing from 10.4 to 
13.2 kg. Before the experiments the dogs were maintained under 
the same environmental conditions (22 f 1 ", relative humidity = 
60 f 5 %) and were fed only on standard diet as powder (before 60 
days of age) or as pellets (after 60 days of age), with water ad 
libitum. 


The surgical procedure was performed on animals preanesthetized 
with urethan (0.4 g./kg. i.p.). Electrical activity of the brain (as 
portrayed by electroencephalography) was used to determine the 
degree of anesthesia (19), which was induced and maintained only 
during the surgical procedure by chloralose (30-40 mg./kg. i.v.). 
Because anesthetics affect labile phosphates and the extra- and intra- 
cellular brain lactate and pyruvate concentrations (2, 3, 20-23), 
electroencephalographic (EEG) pattern restoration indicated the 
removal of the anesthetic from the brain before the start of the ex- 
periment on cerebral energy metabolism. The dogs were artificially 
ventilated with room air or a nitrogen-oxygen mixture with an in- 
tratracheal Warne tube. During the operative procedure and tbe 
experiment, the animals were paralyzed by intravenous injection 
of gallamine triethiodide (2-3 mg./kg.) to permit unresisted arti- 
ficial respiration and maintain a constant PaCol. 


Operative Procedure-This procedure consisted mainly of isola- 
tion of both common carotid arteries, with ligature of all their 
branches except the internal carotid arteries and the superior thyroid 
ones. The zygomatic, maxillary, auricular, and supraorbital vessels 
were all occluded by ligature or compression. Each of the isolated 
superior thyroid arteries was cannulated with a polystan tube and 
connected by a two-way cannula to a perfusion apparatus (to infuse 
the intracarotid drug or saline solution) and to a glass syringe (to 
draw arterial blood samples). 


The head was fixed to a head holder with the confluence of the 
cerebral venous sinuses approximately 10 cm. higher than the heart. 
Monopolar electrodes were inserted in the left and right frontal, 
parietal, and occipital areas. Heated thermocouples were placed on 
the brain surfaces to evduate the changes in cortical blood flow. The 
flow probe was placed obliquely in the parietal cortex, with the tip 
adjacent to the cortical gray mantle. The small hole in the skull for 
the probe was carefully sealed to prevent untoward ambient heat 
exchange (24). After a longitudinal incision, a 2-2.5cm. diameter 
hole was made in the frontoparietal area contralateral to the therm- 
istor flow probe. A plastic funnel was fitted into the hole and the skin 
was sutured tightly around the futlnel 125, 26); subsequently, the 
plastic funnel was sealed with a rubber stopper and thermally in- 
sulated. 


Both femoral arteries were cannulated: one connected to a physi- 
ological pressure transducer and the other to a heparinized Wolfe 
bottle to withdraw arterial blood from the systemic circulation. The 
Wolfe bottle was connected to a femoral vein to infuse the drained 
blood into the systemic circulation. Connection was made by a large 
siliconecoated pararubber cannula joined to a peristaltic pump. 


Cerebral blood flow, EEG, systemic pressure, and arterial Po, 
and PCO? were measured (using anaerobic samples from the superior 
thyroid artery). The rectal temperature was monitored with a tele- 
thermistor, and intermittent heating was applied to keep the dog's 
temperature as close to 37' as possible. 


These parameters were recorded using a 12channel recorder. 
Design of Experiment-Previous research on the diphospho- 


pyridine nucleotide concentration in the intact brain, as well as on 
the adenosine triphosphate or phosphocreatine concentration in the 
tissues, has shown changes for inspired oxygen concentrations 
below 7% (27-29). On the other hand, some studies have indicated 
the absence of changes in labile tissue phosphates with 4-5z 
oxygen in the inspired gas mixture (30). When the arterial PO, was 
reduced below 35 mm. Hg. the phosphocreatine content in the 
brain was reduced, but there were not even small changes in the 
adenylate system until the PO, was reduced below 25 mm. Hg. In 
any case, Paol could he reduced to below 20 mm. Hg withoutcaus- 
ing major changes in the adenosine phosphates as long as the mean 
arterial blood pressure was held close to  normal levels (4). Also, the 
cerebral circulation (31, 32) and the brain concentration of labile 
phosphate (33-36) are not significantly changed until the arterial 
hypotension results in a cerebral perfusion pressure of about 40 mm. 
Hg. Nevertheless, PO, below 25 mm. Hg causes changes in the adeno- 
sine phosphates to be exaggerated by even small decreases in the 
blood pressure (4). Thetefore, the hypoxia experiments were 
carried out on beagle dogs in hypovolemic hypotension. 


After the operative procedure, the EEG was followed until the 
anesthetic had been removed, and then a period of 30 min. was 
allowed before the hypotension was induced. During this period the 
cerebral vascular reactivity was tested by administration of an 8 
carbon dioxide-air mixture through the respirator; the experiment 
was continued only if cerebral blood flow was increased, which 
indicated a qualitatively appropriate response to carbon dioxide in 
the cerebral vessels (24). Subsequently, the dogs were slowly bled 
from the arterial femoral cannula into a heparinized Wolfe bottle. 
A mean blood pressure of 60 mm. Hg was attained within 8-20 min., 
and then cautious arterial withdrawals or venous infusions by peri- 
staltic pump were made so that the mean blood pressure was held as 
constant as possible for 25 min. Normally, the blood pressure could 
be held at the specified level to within +4 mm. Hg; if unduly large 
variations occurred or if a Substantial part of the blood had to be 
reinfused to keep the blood pressure constant, the dog was dis- 
carded (36). The induced arterial hypotension changes PaCoI and 
the hemoglobin Concentration. The controls had a mean blood pres- 
sure of 112 f 8 mm. Hg, and the working mean blood pressure was 
60 f 4 mm. Hg; in this range the carbon dioxide tension decreased 
from 41 f 4 to 36.5 f 3 mm. Hg, while the hemoglobin concentra- 
tion decreased from 18.4 rt 0.45 to 14.6 f 0.94 g./100ml. 


The experiments were carried out as follows. 
1. Evaluation of the drug action in curarized dogs with the 


systemic blood pressure within the normal range of 100-140 rnm. Hg 
and with controlled kentilation with room air. The drug was per- 
fused for 6 min. into the carotid artery at  the rate of0.5 rnl./min., at 
the molar concentration indicated below. 


2. Evaluation of the drug action in curarized dogs during and 
after arterial hypoxemia. The three periods in each experiment were 
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Table I-Curarized Beagle Dog: Cerebral Cortex Levels of Lactate, Pyruvate, Adenosine Triphosphate (ATP), Adenosine Diphosphate 
(ADP), and Adenosine Monophosphate (AMP), Expressed in Micromoles per Gram of Wet Tissue, after 6 min. of Intracarotid Perfusion 
(0.5 ml./min.) with Saline Solution, Nicergoline, Dipyridamole. and Bemegride 


-1ntracarotid Perfusion- N u m  
Molar ber 


Concen- of 
Substance tration Dogs 


Lactate, 
pmoleslg. 


Pyruvate, Lactate 
pmoles/g. Pyruvate 


ATP, ADP, 
pmoleslg. pmoles/g. 


3 Saline - 
solution 


Nicergoline I x 1 0 - 4  3 


Dipyridamole 2.5  X 1 0 - 4  3 


Bemegride 6 . 4 X  lo-' 3 


1.46 
f0.08 


1.63 
f O . 0 5  


1 . 5 1  
fO. 19 


4 . 9 9  
fO. 55 


0.092 16.37 
zkO.001 k0.83  


0.091 18.03 
f O . O O 1  f l . 6 4  


0.094 17.07 
jzO.011 +4.24 


0 .129  39.69 
f0.002 Ik1.21 


2.19 0.46 
rto.04 f 0 . 0 4  


2. n 0.41 
f 0 . 1 6  f0 .06  


2.22 0.41 
f0.08 f 0 . 0 3  


1 . 2 1  0.51 
f0.04 f 0 . 0 7  


AMP, 
pmoles/g. 


0.07 
*0.01 


0.11 
+0.02 


0.11 
rt0.04 


0.87a 
f 0 . 0 8  


ATP 
ADP 


4.80 
f 0 . 4 1  


5.82 
f l . 2 1  


5.42 
f0 .40 
2.53s 


f 0 . 4 3  


ATP 
A M P  


32.06 
f 6 . 6 1  
20.40 


zk2.19 
21.20 


f 1 . 1 9  
1 . 4 9  


f0. 16 


Energy 


Potenhalo 


0.89 
+0.03 


0.88 
rt0.02 


0.89 
rtO.04 


0 . V  
zkO.03 


Charge 


___ 


a Calculated as [(ATP) + 0.5 (ADP)]/[(ATP) + (ADP) + (AMP)]. * Significant difference ( p  < 0.05) from the value after saline solution perfu- 
sion, calculated by r test. 


usually: (a) a steady-state period of hypovolemic hypotension of 10 
min. during room air ventilation; (b) 12 min. of acute hypoxia 
induced with controlled PaCG by altering the inspired oxygen 
concentration with a 6 oxygen-nitrogen mixture in the respirator 
(in some cases, saline perfusion or drugs were given during the last 6 
min. of hypoxia); and (c) 3 min. of recovery of respiration with 
room air, and perfusion through one of the thyroid superior arteries 
with saline solution or drugs. 


3. Evaluation of drug action after hypoxia and hypoglycemia in 
curarized dogs in hypovolemic hypotension. Fasting dogs were 
prepared in the same manner as already described. During the 
steady-state period, 800-1200 units of regular insulin was injected 
intravenously; 40-60 min. later, the dog was given 6 z  oxygen- 
nitrogen gas mixture. 


The following drugs were perfused through the superior thyroid 
arteries at 0.5 ml./min. for 3 or 6 min.: ( a )  4-methyl&thyl-2,6- 
dioxopiperidine (bemegride), 6.4 X lo-' M; (b) 1.6-dimethyl-8/3-(5- 
bromonicotinoylhydroxymethyl)-lO~-methoxyergoline tartrate (ni- 
cergoline or nimergoline), l X lo-' M; (c) 2,6-bis(diethanol- 
amino)-4,8dipiperidinopyrimido[5,4-dJpyrimidine (dipyridamole), 
2.5 X lO-' M; (d) sodium malonate, 5 X lo-* M; and (e) cocaine 
hydrochloride, 5 X M .  These concentrations were chosen in 
accordance with the clinical doses employed in man: 20-80 mg. of 
bemegride; from 2-4 to 10-15 mg. of nicergoline, and from 12.5-25 
to 50-100 mg. of dipyridamole. 


A ~ l y t l d  Techniques-At the set time, the motor area of the 
cortex was frozen in situ by pouring liquid nitrogen into the plastic 
funnel fitted into the cranial vault; the. ventilation with room air or 
oxygen-nitrogen mixture was continued for at least 2 min. after the 
beginning of the regional brain freezing. A portion of the frozen 
brain was chiseled out using a rotating cold hollow tube (15-mm. 
i.d.) during continuous irrigation with liquid nitrogen. The frozen 
cerebral material was then immersed in liquid nitrogen for 10-15 
min. It was then extracted with perchloric acid. The initial extraction 
was performed at from - 10 to -15", using frozen 3 M perchloric 
acid (4, 21), while the subsequent steps were carried out at 0-5" 
until a neutral perchlorate-free extract was obtained (4,37,38). The 
steps (4) were: extraction with 3 M perchloric acid at  subzero 
temperatures, homogenization for 15 sec., additional extraction 
with 3 perchloric acid, centrifugation, neutralization of the com- 
bined extracts with 5 N KOH to pH 5.5, and separation of the 
potassium perchlorate by centrifugation. The neutralized, potas- 
sium perchlorate-free extract was then used for immediate analyses. 
Lactate, pyruvate, and adenosine mono-, di-, and triphosphates were 
assayed (37-39), a blank sample being run for each individual 
adenosine monophosphate analysis because the enzyme used con- 
tained adenosine monophosphate itself as a contaminant (21). 


Estimation of Energy State of the Brain-The energy charge 
potential (10) was estimated assuming that the balance among 
concentrations of adenine nucleotides responds to the energy state 
of the cell rather than to the concentration of a single nucleotide 
(12). 


The adenosine triphosphate regeneration or the adenosine tri- 
phosphate utilization in energy metabolism can be described by 


Scheme I: 


ZADP + 2Pi % 2ATP + 2H2O 
Scheme I 


while the reaction catalyzed by adenylate kinase is indicated as 
shown in Scheme 11: 


ATP + AMP ZADP 
Scheme I1 


where ATP = adenosine triphosphate. ADP = adenosine diphos- 
phate, AMP = adenosine monophosphate, and Pi = inorganic 
phosphate. The adenylate energy storage system may be described 
(Scheme 111) by the sum of the processes indicated in Schemes I and 
11: 


AMP + 2P, ATP + 2H2O 
Scheme I l l  


The number of anhydride-bound phosphates per adenosine 
moiety varies from 2 to 0;  division by 2 gives a parameter varying 
between 1 and 0, which has been named energy charge of the 
adenylate system. 


The energy charge potential is defined by the ratio: half of 
anhydride-bound phosphates/concentration of the components of 
the adenylate system. The number of anhydride-bound phosphates 
is: 2(ATP) + l(ADP) + qAMP); division by 2 gives: (ATP) + 
0.YADP). Therefore, the energy charge is defined in terms of actual 
concentrations as: 


+ full charge: only ATP present 


energy charge potential 


0 - division -W 0 + complete discharge: only AMP present 
( b r 2 )  ' 


When only adenosine triphosphate and adenosine monophosphate 
are evaluated, Eq. 1 can be expressed as: 


Equations 1 and 2 are compatible with Scheme 111, but they are not 
identical because the concentrations of all three substances (adeno- 
sine mono-, di-, and triphosphates) contribute to the energy dy- 
namic, but only two of these (adenosine di- and triphosphates) are 
involved in hydrolysis. Equation 1 was used in the present study. 
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Obviously the generalization proposed by the quantification of the 
drug action on the energy-yielding sequences by the cerebral energy 
charge of the adenylate pool is necessarily oversimplified because 
little satisfactory information is available as to: (a) the extent of the 
importance of barrier compartmentation as compared with kinetic 
compartmentation, the selective permeabilities and transport 
properties being modulated by both the energy charge and the levels 
of specific metabolites on the sides of the barrier; (b) the interactions 
between feedback modifiers and energy charge in regulation of bio- 
synthetic sequences and in production of storage compounds, or in 
regulation of sequences that regenerate adenosine triphosphate and 
supply primary biosynthetic intermediates; and (c) the sequences 
involved in the control of the phosphopyridine nucleotide system. 


Statistical Analysis-The t test was applied to the differences in 
all instances. 


RESULTS AND DISCUSSION 


Action during Room Air Ventilation-Table I shows that a 
curarized normal beagle dog receiving room air responds to intra- 
carotid perfusion (0.5 ml./min. for 6 min.) with nicergoline (1 X 10-4 
M) and dipyridamole (2.5 X lo-' M), with no change in the levels of 
lactate, pyruvate, and labile phosphates in the cerebral cortex or in 
the cerebral energy charge; perfusion with bemegride (6.4 X 10-4 
M) increases the lactate, pyruvate, and lactate-pyruvate ratio in the 
cerebral cortex. Previous observations on curarized monkeys (14) 
have shown that arterial and venous cerebral blood lactate rapidly 
increase by about twofold after bemegride injection. In the present 
study, the animals were curarized so any effect of bemegride on 
muscular contraction and muscle metabolism could be ignored. 
Furthermore, intracarotid perfusion with bemegride (Table 1) 
induced a decrease in the adenosine triphosphate level and an in- 
crease in the adenosine monophosphate concentration in the 
cerebral cortex, the adenosine diphosphate level being quite un- 
changed. The energy charge potential was significantly reduced. 
These data are in agreement with the observation (39,40) that agents 
inducing seizures are able to lower the levels of adenosine triphos- 
phate and phosphocreatine in the brain, even if the seizure activity 
may be associated with unchanged levels of cerebral high energy 
compounds (47). 


Drug Action during Hypoxia and Hypotension-Influence of 
Arterial Hypoxemia-Table I1 shows that hypoxia induced by a 6 x  
oxygen-nitrogen mixture caused PaoI in hypotensive beagle dogs to 
fall rapidly, while the PaCO, varied little because of the controlled 
ventilation. The cerebral cortical blood flow increased significantly 
a t  PaoI below about 50 nun. Hg. Furthermore, there were changes 
in the lactate, pyruvate, and lactate-pyruvate ratio in the brain at 
PaOl below about 30-40 mm. Hg, but there were no significant 
variations in the cerebral energy charge potential until PaoI fell 
below 20 mm. Hg (Table 11). This finding indicates that the brain 
lactate and pyruvate can change at  PaCb levels which are compatible 
with unchanged energy charge, which confirms that the cerebral 
lactate content or production can increase at oxygen tensions 
compatible with unchanged levels of labile phosphates (27, 30, 36, 
41-43). 


Different anatomical regions of the brain vary in sensitivity to 
energy deprivation (44) and the time course of energy deprivation 
(45, 46). In fact, gross irreversible damage from total asphyxia is 
limited almost exclusively to the brain stem (45), while in partial 
asphyxia damage to the cortex is the niajor finding (46). In the 
present research, during oxygen-nitrogen mixture respiration, 
the cerebral energy charge potential on the cortex of the frontal, 
parietal, and occipital areas was simultaneously evaluated in three 
dogs. At Pa@ = 19.3 C 0.7 mm. Hg, the mean values were 0.66 f 
0.07, 0.69 f 0.05, and 0.70 f 0.04, respectively, which are not 
significantly different. 


After 12 min. of hypoxia, PaCh rose rapidly to the control value 
following normal ventilation and perfusion for 3 min. through the 
superior thyroid artery with saline solution (Table 11). The increased 
cortical blood flow fell when the gas was replaced by room air but 
only by about 45% within the 3 min. of observation. Also, the 
lactate, pyruvate, and adenosine triphosphate levels and the energy 
charge potential only partially recovered within the 3 min. (Table 
11). 


Effect of Pharmacological Treatment with Drugs-After hypoxia, 
room air ventilation and perfusion through the superior thyroid 
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Table In-Curarized Beagle Dog in Hypovolemic Hypotension: Cerebral Cortex Level of Adenosine Triphosphate (ATP), Adenosine 
Diphosphate (ADP), and Adenosine Monophosphate (AMP), Expressed as Micromoles per Gram of Wet Tissue, in Various Experimental 
Conditions (Rate of lntracarotid Perfusion was 0.5 ml./min.) 


-1ntracarotid Perfusion- Num- 
Molar ber Energy 


Experimental Concen- of ATP, ADP, AMP, ATp ATp Charge 
Conditions Substance tration Dogs rmoles/g. pmoles/g. pmoles/g. ADP AMP Potentdm 


After 12-min. period of 
hypoxiab 


After 3-min. period of 
recovery of room a r  
ventilation 


After 3-min. period of 
recovery of room air 
ventilation in hypo- 
glycemia" 


3 Saline - 


Nicergoline 1 X lo-' 3 
solution 


3 Saline - 


Nicergoline 1 X lo-' 3 


Nicergoline + 1 X lo-' 3 


Nicergoline + 1 X lO-' 3 


Nicergoline 1 X lo-' 3 


solution 


malonate 5 x 1 0 - 2  


cocaine 5 x lo-' 


1.68 
f0. 16 


1.63 
f 0 . 1 2  


1.98c 
ZkO.09 


2.16: 
f0. 10 


+O. 15 


fO. 10 


fO. 17 


1.71d 


1 . 6 0 d  


1.63d 


0.52 =to. 05 
0.57 


rt0.06 
0.53 


f0 .05  


0.45 
f0 .06  


0.49 
f O . O 1  


0.54 
*0.04 


0.54 
f0.03 


0.64 
f0. 17 


0.59 
=to. 12 


0.37c 
+0.05 


zk0.02 


fO. 17 


fO. 11 


=to. 19 


0 . 1 3 C . d  


0 .  64d 


0.74d 


0. 67d 


3.23 
fO. 30 


2.90 
f 0 . 1 5  


3.84 
f 0 . 4 9  


4.88 
k O . 4 4  


3.49 
Zk0.39 


3.02 
*0.38 


3.02 
f 0 . 2 5  


3.23 0.68 
f l . 1 5  3~0.06 


3.07 0.68 
f 0 . 7 2  f0.04 


5.860 0.78C 
f1.09 5z0.02 


16 .910~~ 0.87Crd 
f l . 1 5  f 0 . 0 2  


f 0 . 9 2  f0.06 


f 0 . 4 7  ztO.04 


f 1 . 0 6  rto.06 


3.14d 0. 68d 


2.306 0.65d 


2.43d 0.67d 


~~~~ ~ 


a Calculated as [(ATP) + 0.5 (ADP)]/[(ATP) + (ADP) + (AMP)]. b Induced by controlled ventilation with 6 %  oxygen-nitro en mixture. c Statis- 
tical difference (p < 0.05) uersus the value after 12-min. period of hypoxia. d Statistical difference (p < 0.05) uersus the value after 3-min. period of 
recovery of room air ventilation and intracarotid perfusion with saline solution. Induced by intravenous injection of 8W1200 units of regular 
insulin. 


artery with bemegride (6.4 X lo-' M at 0.5 ml./min.) for 3 min. 
(Table 11) inhibited the cerebral metabolic restoration and decreased 
the adenosine triphosphate level and the energy charge potential, 
while the lactate and pyruvate concentrations and the adenosine 
monophosphate level increased later. Bemegride also inhibited the 
normal reduction in the cerebral blood flow occurring during the 
recovery with room air respiration. In fact, the residual enhancement 
in cortical blood flow after 3 min. of saline solution perfusion was 
about 45x;  after bemegride perfusion, it was about 8Ox. During 
bemegride perfusion, no significant differences in PaO, or PaCO, 
were present relative to saline perfusion. 


After hypoxia, recovery with room air ventilation, and intra- 
carotid perfusion (0.5 ml./min.) with nicergoline (1 X lo-' M) or 
dipyridamole (2.5 X lo-' M )  for 3 min. (Table II), the energy 
charge potential was significantly different from that induced by 
saline perfusion. The drugs decreased significantly the adenosine 
monophosphate concentration. Conversely, no action on the lactate 
and pyruvate levels or on the lactate-pyruvate ratio of the cortex 
was observed. During drug perfusion, no Pa02 and PaCOI values 
significantly different from the saline case were found. 


The mechanism was elucidated by perfusing nicergoline (1 X 10-' 
M )  at  0.5 ml./min. during hypoxia; the drug induced no significant 
change in the cerebral energy charge(Tablell1). Furthermore, during 
the recovery with room air ventilation after hypoxia, nicergoline 
(1  X lo-' M) was tested during simultaneous perfusion with 
sodium malonate (5 X 10-1 M) or cocaine ( 5  X 10-' M) at 0.5 
ml./min. for 3 min. Both agents blocked the effect of nicergoline 
action on the cerebral energy charge (Table 111). On the other hand, 
hypoglycemia inhibited the action of nicergoline on the energy 
charge potential of the brain during recovery with room air ventila- 
tion after hypoxia (Table 111). 


Mode and Mechanism of Drug Action-11 was possible to dis- 
tinguish drugs that reduce the energy charge (e.g., bemegride) from 
ones that increase it (e.g., nicergoline and dipyridamole). 


Bemegride affects the energy metabolism of the brain in the 
following four respects: 


1. After injection of bemegride in animals immobilized with 
curare, appearance of spike activity in the EEG is correlated with a 
marked increase in the cerebral blood flow and cerebral metabolic 
rate for oxygen (1 3). 


2. Cerebral glucose consumption and cerebral blood lactate 
levels incresx significantly, showing a condition compatible with 
increases in aerobic and anaerobic glycolyses during seizure activity 
induced by bemegride (14). 


3. Electric shock and drugs inducing seizures are known to de- 
crease the levels of adenosine triphosphate and phosphocreatine in 
brain (39, 40). 


4. The eventual reduction in cerebral levels of high energy 
phosphates during seizures reflects the discrepancy between the high 
energy consumption and the normal resynthesis of labile phos- 
phates, as occurs during hypoxia localized in the brain itself (39,40, 
48). 


In the present study, intracarotid perfusion with bemegride in 
beagle dog induced: (a )  an increase in the lactate and pyruvate 
levels of the cortex and a decrease in the energy charge, the adeno- 
sine triphosphate being decreased and the adenosine monophos- 
phate being increased in the brain tissues; and (b)  inhibition of the 
normal restoration of the cerebral energy charge potential after 
hypoxia. All these results support the hypothesis that bemegride 
may exert a hypoxic effect on the brain because of a discrepancy 
between the energy-demanding processes and the oxygen that the 
increased cerebral blood Row can supply. In any case, bernegride 
reduced the stored energy in spite of the increase in some pharmaco- 
dynamic (EEG and cerebral blood flow) or metabolic parameters 
(cerebral glucose consumption and cerebral metabolic rate for 
oxygen). 


There are three notable points about the action of drugs that raise 
the depressed energy charge potential of the brain: (a )  nicergoline 
(as well as dipyridamole) is inactive during the control condition, the 
cerebral energy charge being normal; (b)  nicergoline is inactive 
during hypoxemia; and (c) malonate, cocaine, and hypoglycemia 
inhibit the action of nicergoline on cerebral labile phosphates 
during the recovery of room air ventilation after hypoxia. The 
mechanism of action of ergoline derivatives is only partially 
elucidated by these observations. As regards malonate inhibition, it 
should be noted that: (a )  the well-known inhibitory effect on suc- 
cinate oxidation makes malonate a potent inhibitor of the citric acid 
respiratory cycle (49), (b) potassium-stimulated brain respiration is 
highly malonate sensitive (50, 51), and (c) the stimulation of metabo- 
lism by a changed K+/Ca+S balance is inherently associated with 
effects at the brain cell membrane (52). Malonate inhibition of 
nicergoline action was observed in the present study, and it sup- 
ports the hypothesis that the drug increases the K+/Ca+* balance and 
the associated activity in the citric acid cycle, because ionic move- 
ments at cell membranes occur by the initiation of reactions involv- 
ing energy change in the adenosine phosphate system. The hypothe- 
sis concerning nicergoline interference in the K+/Ca+* balance is 
supported also by the nicergoline antagonism against the Ca+* 
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Figure 1-Variation in the cerebral cortex levels of adenosine mono-, 
di-, and triphosphates induced in beagle dogs by  hypoxia and recovery 
with room air ventilation and intracarotid perfusion (0.5 ml.lmin. for 
3 min.) with saline solution or nicergoline (5 X I&' M). The abscissa 
shows the time of observation. The numbers by the lines for the con- 
centrations represent the probability levels of the difference between 
the saline solution perfusion and the nicergoline perfusion. Each point 
represents the average cafue for three dogs. 


accumulation by epinephrine (53) and by cocaine inhibition of the 
nicergoline effect on brain energycoupling processes. In fact, 
cocaine acts in a manner similar to Ca+*, its presence resulting in an 
effective diminution of a K+/Ca+z ratio at the brain cell surface 
(52). 


The estimation of adenine nucleotides in the cortical motor region 
of the brain shows that hypoxia in the hypovolemic, hypotensive dog 
leaves the adenosine diphosphate level little changed, while the 
decrease in adenosine triphosphate is related to an increase in 
adenosine monophosphate (Fig. I), which confirms the previous 
suggestion that the level of adenosine monophosphate may be 
considered a measure of the stress upon the brain (39). After 3 min. 
of recovery with room air ventilation, the adenosine monophosphate 
concentration varied inversely with the adenosine triphosphate 
concentration, the adenosine diphosphate being little changed. 
Intracarotid nicergoline perfusion (1 X l W 4  M ,  0.5 ml./mh. for 3 
min.) enhanced significantly the decrease in adenosine monophos- 
phate and the increase in adenosine triphosphate, while adenosine 
diphosphate remained unchanged (Fig. 1). This confirms that the 
ordered changes among the adenine nucleotides are a consequence 
of the constant sum of adenosine mono-, di-, and triphosphates and 
the slight changes in adenosine diphosphate, which together force an 
inverse relationship between adenosine monophosphate and 
adenosine triphosphate. The relative proportions of the individual 
adenine nucleotides are functions of the cerebral energy charge 
(Fig. 2). 


CONCLUSIONS 


It is difficult to quantify the action of drugs upon cerebral energy- 
yielding sequences because there is doubt as to the parameter to 
measure and the conditions inducing change in the energy-coupling 
processes. 


The oxygen consumption and the cerebral blood ROW cannot be 
used, because the cerebral metabolic rate for oxygen and the cerebral 
blood flow can be modified without change or with opposite change 
in the cerebral energy balance. On the other hand, the factors 
regulating the cerebral blood flow have not yet been clarified (1-3, 
47,54). In the present in vivo study, the lactate and pyruvate levels of 
the brain and the cerebral energy charge via the adenosine mono-, 
di-, and triphosphates were evaluated. There was some difference 
between these two groups of parameters since the lactate and 
pyruvate of the brain can change at PaO, values which are com- 
patible with unchanged levels of the stored energy. Therefore, it 


0.5 '0.6 0.7 0.8 0.9 1.0 
ENERGY CHARGE 


Figure 2-Cortical motor region of the brain of beagle dog in wrious 
experimental conditions: relative concentrations of the &nine nucleo- 
tides as a fwtction of energy charge. 


seems advisable to interpret the lactate-pyruvate changes with 
caution, since no other parameter of the cerebral energy state can be 
used. 


The changes in the energy state of the brain induced by drugs are 
best evaluated from the cerebral energy charge potential in the 
adenine nucleotide pool, but two points should be stressed: 


1. A change in the energy charge of the motor area does not imply 
that an equal change has occurred in the whole cerebral tissue or in 
any other important local region of the brain. 


2. A change in energy charge evaluated from the adenine nucleo- 
tide pool does not imply that an equal change has occurred in other 
substrates and, particularly, in the creatine phosphate system. 
Nevertheless, several enzymes that are involved in energy-yielding 
sequences, or that catalyze reactions at metabolic branch points, are 
affected by adenine nucleotides. The pattern of the responses 
suggests that they participate in the regulatory interactions that 
must underlie orderly metabolic integration. The creatine phosphate 
can be affected by hypoxemia before changes in the adenosine 
phosphate pool have occurred; in fact, at PaO, of about 35 mm. Hg, 
the cerebral phosphocreatine level is significantly reduced, but 
there are no changes in the adenosine mono-, di-, or triphosphate 
concentration (4). In any case, it must also be stressed that isolated 
adenosine triphosphate values give relatively restricted information 
(54). 


The cerebral energy state is remarkably resistant to various experi- 
mental conditions. Thus, PaO, could be reduced to below 20 mm. 
Hg without causing major changes in adenosine phosphates as long 
as the mean arterial blood pressure is held close to normal levels, 
while more pronounced changes are induced in hypotensive animals 
(4). In the present research, the action of the drugs on the cerebral 
energycoupling processes in siru was evaluated by inducing a hy- 
poxic condition in the hypovolemic, hypotensive dog. 


Bemegride lowered the cerebral energy charge, while nicergoline 
and dipyridamole increased the depressed energy charge. The drugs 
showed significant effects on the relative proportions of the indi- 
vidual components of the adenylate system, which are related to the 
energy-yielding, energy-demanding, and energy-storing processes, 
the cerebral blood flow being unchanged or changing in the opposite 
direction. Nicergoline resembles dipyridamole in being inactive in 
the normal brain. Its action on the cerebral energy, as depressed by 
hypoxemia and hypotension, is antagonized by malonate, cocaine, 
and hypoglycemia. 
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Table I-Dissolution Values for Chlorpromazine 
Hydrochloride Tablets 


~~ 


Modified USP XVIII 
T Valuee USP XVIII Method Method 


4.5 f 1.3 6.7 f 2.2 
12.5 f 4.4 
23.4 f 7.6 
35.8 f 10.3 


20.5 * 2.3 
39.3 f 1.8 
60.6 f 2.7 


Each T value (min.) is the mean of 10 determinations f SD. 


proximately 9 min. when a 10-mesh basket was used. 
Furthermore, variable results were not obtained when 
other brands. of chlorpromazine hydrochloride tablets 
were tested or, if observed, the degree of variability 
was much less than that shown in Table I. This would 
appear to indicate that the inherent characteristics of 
the tablets tested led, in part, to the type of variability 
reported here. 


The “correct” dissolution conditions are always 
difficult to establish, particularly in the absence of in 
niuo data. It is important, therefore, to standardize a 
procedure carefully in order to evaluate accurately 
various lots of the same drug product. From the re- 
sults reported here, it appears that the time at which the 
rotation of the basket is commenced is important and 
that any variation from a standardized approach may 
yield variable results. 
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Identification of 2’-[3-(Dimethylamino)- 
propoxylcinnamanilide ”-Oxide by Mass 
Spectral Thermolysis 


Key phrases 0 2’-[3-(Dimethylamino)propoxy)cinnamanilide Nf- 
oxide-identified using mass spectral thermolysis 0 N-Oxides- 
identification of 2’-[3-(dimethylamino)propoxyJcinnamanilide N 
oxide using mass spectral thermolysis 0 Mass spectral thermolysis 
-identification, “-oxide of 2’-(3-(dimethylamino)propoxylcin- 
aamanilide 


Sir: 


The Occurrence of N-oxides as natural products or as 
metabolites of pharmacologically active compounds 


H O  
0 


was reviewed previously (1). The only mass spectral 
studies of N-oxides have been those of aromatic N- 
oxides that usually exhibit the M+-16 ion, instead of 
the M+, as the highest mass ion (2). Mass spectrometry 
was used to elucidate the structures of some thiopro- 
pyldimethylamino-N-oxide metabolites (3). In this 
report, these observations are extended to the thermoly- 
sis of 2’-[3-(dimethylamino)propoxy~innamanilide N‘- 
oxide (I). 


Since volatilization of the N-oxide base, I (mol. wt. 
340), occurs very near its thermolysis point, the spectra 
obtained at temperatures below 150’ were extremely 
weak and would not normally suffice to establish the 
structure of metabolites in the presence of the usual 
artifacts. Generally, the similarity in the mass spectra’ 
of N-oxides and of free amines would make it difficult to 
assign structures to N-oxide metabolites. However, 
variation of the ion-source temperature does permit 
differentiation of amines and their N-oxides. At 155 O 


or higher, I showed no M+, and the M+- 16 ion, though 
still present, was diminished in intensity relative to the 
m/e 279 ion (Table I). The composition of the m/e 279 
(M+-61) ion corresponds to the olefin, 111, formed by 
the Cope elimination of an N-oxide (5). 


The N-oxide hydrochloride, I-HCI, shows the M+- 
16 ion, the m/e 58 ion, and a temperature-dependent ion 
at m/e 279. At I85’, fragment ions of I-HCI are present 
at M+- 18 and M+-30 (the former b&ng a dehydra- 
tion product) but are absent at higher temperatures. 
At temperatures >185’, the m/e 279 ion is more in- 
tense. However, the persistence of the M+-16 ion, 
coupled with the increase in intensity of the m/e 58 ion, 
demonstrates that the thermolysis of I-HCI yields more 
I1 (mol. wt. 324) than does the thermolysis of I. 


Differential thermal and thermal gravimetric analyses’ 
also show the difference in the thermolysis of the hydro- 
chloride and the free base of the N-oxide. The hydro- 
chloride, I-HCI, melts in two exothermal steps at 186 
and 191’, with a total loss of 7 x  of its weight. Since 
the loss of oxygen requires a weight loss of 4.3x ,  and 
the Cope elimination product requires a weight loss of 
12%, the intermediate value for weight loss demon- 
strates that a mixed-product thermolysis can occur and 
substantiates the mass spectral results, which show that 
various thermolytic products were formed. But the 
free base of the N-oxide, I, showed an endotherm at 


The .equipment and experimental technique for obtaining the 
electron-impact spectra were described in Reference 4. * Performed on a Dupont analyzer. 
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Table &Relative Intensities of Diagnostic Fragment Ions of I, 11, and III 


Intensity Relative to the m/e 131 Ion (1.0) 
58 279 310 322 324 340 


source TYP@ of 
Temperature" Spectrum 


Compound I 
141" E.I. 3.6c 0.49 0.05 0.07 0.10 0.03 
i4s0 
147" 
152" 


E.I. 
E.I. 
E.I. 


-. .. . .~ .  


1 . 9  0.45 0.03 0.05 0.09 0.02 
1 .oc 0.22 0.01 0.02 0.04 0.0 
0.35 0 . a  0.01 0.001 0.007 0.0 


155"d E.I. 0.25 0.21 0.005 0.0 0.02 0.0 
E.I. 0.26 0.22 0.003 0.004 0.03 0.0 


1 W  C.I. - 0.49 0.03' 0.0 0.34' 0.0 
16O0d 


Cm-d I-HQ 
185" 
205 a 


235" 


E.I. 
E.I. 
E.I. 


1.7 0.007 0.015 0.03 
1 .5  0.11 0.0 0.0 
1.7 0.08 0.0 0.0 


0.08 
0.05 
0.04 


0.0 
0.0 
0.0 


C0DI-d 11-HCI 
E.I. 7.7 0.02 0.0 0.0 0.271 - 
C.I. - 0.0  0 .0  0.0 8.8' 


Compound III 
E.I. 0.05 0.15 


- 
- - - - 


~~ 


a Room temperaturej2Z0) lus increase in source temperature. * E.I. = electron impact (70 e.v.): C.I. = chemical ionization (isobutane). 5 Intensity 
includes acetone impunty. d $ery volatile at this temperature. ' Chemical ionization protonated ion 1 8.m.u. greater mass than mass indicated. I Molec- 
ular ion of the free base. 


159' and a loss of 17.3x of its weight, results that 
agree extremely well with the loss of 18.2x correspond- 
ing to the elimination of dimethylhydroxylamine (mol. 
wt. 61) from I to form 111 (Cope elimination). Thus, it 
is advisable to study the mass spectra of the free base 
of the N-oxide rather than those of the hydrochloride 
salt. 


The use of chemical ionization with thermolysis 
provides a further means of distinguishing between the 
amine and the N-oxide of thiopropyldimethylamino 
derivatives. In this series, the m/e 279 ion is completely 
absent in the chemical ionization spectrum of the oxy- 
propyldimethylamine, 11, whereas the protonated 
molecular ion (MH+) of the thermolysis product (111) 
appears in the spectrum of I, along with the MH+ of 
the thermolysis product, 11, at m/e 325. 
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Resistance of Large-Volume Parenteral Containers to 
Forced Microbial Contamination 


MARTIN B. PINCKNEY, Jr.*, LOUIS A. LUZZI’, and THOMAS E. NEEDHAM, Jr. 


Abstract 0 The hypothesis that contamination of large-volume 
parenteral containers may be due to improper handling technique 
was examined. Extensive studies were implemented involving 
carefully controlled conditions for both test (900) and control 
(450) units. Test containers were immersed in bacterial broth 
preparations in intact and “partially uncapped“ conditions and were 
not swabbed; control containers were handled under “ideal” 
conditions except that they were not swabbed. A new administration 
set was used for each container examined and was opened only at  
the time of examination. Statistical evaluation of the results in- 
dicated that certain procedures may indeed result in contamination 
in many cases, whereas there was no significant contamination of 
any of the three systems tested when recommended procedures, 
even without swabbing, were followed. 


Keyphrases Large-volume parenteral containers-resistance f o 
forced microbial contamination 0 Contamination, microbial- 
resistance of large-volume parenteral containers 0 Sterility, large- 
volunie parenteral containers-resistance to forced microbial 
contamination 0 Parenteral containers, large volume-resistance 
to forced microbial contamination 


The ability of large-volume parenterals and their 
companion administration sets to serve as sustaining 
and transmitting media of serious infection has been the 
subject of recent controversy. Various manufacturers 
have claimed that the proper use of their intravenous 
fluids and adininistration sets would forestall ali con- 
tamination. However, several studies dealing with 
contamination of these fluids under conditions of 
normal use have raised questions both for and against 
such claims (1 .5) .  


The purpose of this study was to determine whether 
large-volume parenteral containers (marketed by three 
different manufacturers’), used with their recommended 
administration sets, could resist bacterial contamination 
under adverse conditions. 


EXPERIMENTAL 


Systems Used -In this investigation, three types of containers 
were examined: A, nonfiltered air system, vacuum packed; B. 
filtered air system, vacuum packed; and C, open air system. 


The administration set used for a particular container was 
designed by the manufacturer for that container. This condition was 
important since the study was designed to investigate microbial 
contamination of the intravenous liquid before it enters the venous 
system and since each set is designed by the manufacturer to main- 
tain sterility for its specific system. 


All liquids used in this study were lactated Ringer’s solution, and 
all containers were of the 250-ml. size. One lot number for each type 
of container was used for both the test and controls. Analysis of 
preliminary results was used to determine a statistically valid 
sampling for the following studies. 


Stcrpliylococcris Nureus was used as the test organism, since pre- 
liminary studies showed that this organism would propagate in 
lactated Ringer’s solution. Propagation in lactated Ringer’s solution 
was ensured by inoculation with microliter quantities of a known 


culture followed by both plating and filtration of the samples. In 
both cases, growth curves were found with extended lag times. 
Broths were prepared by inoculation from pure S. uitreus (5-209) 
colonies and consisted of: trypticase soy broth (B.B.L.) ,  3.0 ml.; 
and distilled water, 100.0 ml. 


A 24-hr. S. nureus broth was used for immersion of all test bottles. 
To determine the amount of contamination in the broth, a viable 
count method (6) was used to  count the number of organisms. The 
counts taken ensured that the broth contained at  least 1.7 billion 
organisms/ml. 


Procedure-These forced contamination studies were divided into 
two categories: I ,  fully capped bottles (intact closures); and 11, 
partially uncapped bottles (first closure removed). For example, in 
Catcgoiy 11, Type A bottles were uncapped to the rubber diaphragm, 
Type B bottles were uncapped to the rubber bung, and Type C 
containers were stripped to  the screw cap. 


Since no method was available to  measure forced contamination 
of large-volume containers, the following techniques were developed 
and found to yield reproducible results. 


Each bottle was immersed, mouth down, to about one-fourth of 
its length into the bacterial broth solution. The bottles were dipped 
in alternating order (Types A, B, and C),  and the broth was con- 
tinuously stirred to  eliminate the possibility of bacterial sedimenta- 
tion. After dipping in the broth, the bottles were placed in cases 
which were closed and spot taped. Each group of 24 test bottles and 
12 control bottles was designated as a “run.” The test bottles for 
several runs were dipped at the same time. Dipping was followed by 
a drying period of up to 10 days, after which the infusion sets were 
attached to the bottles one run at  a time. Under a laminar flow 
hood, each set was attached as recommended by  the manufacturer 
except that no wiping or swabbing procedure was used. 


Bottles with attached infusion sets were shaken and inverted 
several times before being incubatedl at  36 + 1 O for 15-24 hr. The 
control groups, in unopened cases, were placed in the incubator 
along with the tests. 


Detection of bacteria in intravenous fluids was carried out by 
modifying several known techniques (7-1 2). After incubation, the 
contents of each bottle were passed through a Millipore filter 
apparatus which consisted of a Swinnex-25 filter assembly equipped 
with MF type HA black Millipore filter disks with grid, 0.45-p 
openings, 25-mm. diameter, and a gasket. The entire apparatus was 
prepared and sterihed preceding filtration. Twenty-six filter as- 
semblies were sterilized as a batch. One filter from each batch was 
removed under aseptic conditions, cultured, and examined for 
bacterial contamination. In a laminar flow hood, the effluent end of 
the Millipore filter assembly was connected to a vacuum line with a 
liquid trap. A vacuum was pulled, and the fluid was drawn from the 
intravenous bottle through the filter assembly into a conical flask. 
The organisms were collected on the filter disk located within the 
Swinnex-25 assembly. During each run and after filtration, each 
intact filter assembly was placed in a predetermined area prepared 
for it under the hood. The filter disk representing each bottle was 
then removed from the assembly and cultured using sterile technique 
(7-9). 


Bacterial colony counts were taken from each filter on each of the 
first 3 days following filtration. The bacterial counting method (6) 
ensured accurate counts up to 300 organisms or colonies, beyond 
which estimates should be reasonably accurate to about 600 or- 
ganisms. Although counts were made, they are not prcsented in this 
report since results were considered only as contaminated or not 
contaminated-an all or none approach to contamination. 


Each test run consisted of eight of each type container, and each 
control run consisted of four of each type container. The control 


I Abbott Laboratories, Baxter Laboratories, and Cutter Laboratories. 
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Table I-Fraction Contaminateda of Fully Capped Containers 


Type of Test Container Type of Control Container 
A B C A B C 


Series I 21/104 0/104 ]/I03 1/52 0/52 0/52 
Series I1 20/96 0/96 1/96 3/48 0/48 0/48 
Total 41/200 0/200 2/199 4/100 0/100 0/100 


~ ~~ 


(1 Containers yielding one or more colonies were considered con- 
tarnina ted. 


Table 11-Fraction Contaminated0 of Partially 
Uncapped Containers 


Type of 
Container Test Units Control Units 


A 
B 
C 


64/ 104 
671 104 
1/104 


0/52 
1/52 
0/52 


0 Containers yielding one or more colonies werc considered contam- 
inated. 


containers remained in their cartons as received from the manu- 
facturer and were separated from the test groups. These bottles were 
exposed to  normal room conditions and to a minimal amount of 
handling. 


To ensure the uossibilitv of uotential contamination of intra- 
venous bottles, the cap area of j6 bottles, after being immersed in 
the broth and dried for 7- and 8-day intervals, was washed with a 
known quantity of sterile water. These bottles yielded a calculated 
minimum count of 50,000 viable organisms when an aliquot was 
plated. 


RESULTS A N D  DISCUSSION 


Fully Capped Study-This portion of the experimentation was 
carried out in two segments (Series 1 and Series 11) separated in time 
by 1 month. Each series and each test group were of approximately 
equal size, and control and test units were examined in an identical 
manner. 


Two hundred each of the three types of containers were initially 
used as test units, and 100 of each type container were used as 
controls. In Table I, it can Ix seen that Types B and C test containers 
resisted contamination to  a greater degrcc than A. Table I also 
shows that there was a similarity in the contamination rate of the 
52 controls used in each case. 


Table II was constructed from data collected from partially un- 
capped, stressed containers. From this table, it can be seen that 
containers of Types A and B were equally susceptible to  contamina- 
tion. The controls yielded almost identical results to those found in 
Table I. Thg results of colony counts made daily for 3 days after 
filtration are not reported here; only contamination and non- 
contamination are compared. 


From these results, a statistical analysis of the data was carried 
out. The data from Table I consist of a set of proportions from 
bottles (both test and control) that were contaminated. An ifppro- 
priate significance test for the comparison of several proportions 
when all or a part of the fractions are quite small (e.g., 1/103 and 
0/52 for Type C in the fully cappcd Series 1) is the arc sin or sin-’ 
transformation (13, 14). If the actual rates of contamination are 
identical, the Brownlee (13) equation may be augmented so that: 


Table 111-2 Values from Results in Table Ia 


-Type of Test Container- -Type of Control Container- 
A B C A B C 


-O.lOb 0 . W  0.05b 1.14c 0 . W c  O.OOc 


a Comparison of Sections I and 11. No significant difference. c No 
difference. 


Table IV-Pairwise Comparison of Fractions Contaminated” 


-Probability of Differences---- 
Type Compared In Test Units In Control Units 


C cersus A 1 x 10-12b 4 .4  x 10-b 


A versus B 1 x 1 0 - 1 9 b  4 . 4  x 10-3*  
C versus B 4.55 x 1 0 - z c  No difference 


a Treatment of data from Table I. 6 Significant difference. c Possible 
significant difference. 


Table V-Comparison of Test versus Control Containersa 


Probability of Differences between Test and Controls 
Type of Probability of 


Container Difference Significance of Difference 


A 5.9 x 10-8 Definite significance 
B 5.0 X 10-1 No significance 
C 5 . 1 5  X to-* Possible significance 


a Treatment of data from Table I. 


The quantity will have, t o  a good approximation, riormulprobubility 
disrribufiorr with a mean value of zero and a standard deviation of 
one. Since no differences (Table 111) were found between Sections I 
and I1 for both tests and controls of all types, the remainder of the 
analysis on this data can be done on the combined sections. Thus, 
fractions of tests contaminated on a pairwise basis (Table 1V) 
indicate a tendency, under controlled conditions, for Type A 
containcrs to be more susceptible to  contamination than those of 
either Type B or C. 


Table V shows that there is a significant difference in the con- 
tamination of test and control units in the case of Type A containcrs, 
whereas there i s  no significance in Type C and only a possibility of 
significance for Type B. The finding of “possibly significant” for 
Type B containers is appropriate since federal regulations permit no 
contamination and commonly used statistical calculations would 
have, indeed, shown no significance. 


A similar analysis of the data in Table It,  for partially uncapped 
containers, shows that there is a definite incrcase in contaminated 
test containers compared to controls for Types A and B, whereas 
there is no significant difference between tests and controls for Type 
C. 


A pairwise comparison of the three types of containers indicates 
that there is no difference in relative contamination between Types A 
and B and that Type C is less apt to be contaminated than either 
Type A or J3 under the test conditions. 


From a practical point of view, one may extrapolate the findings 
of this experimentation to support the contention that contamina- 
tion can occur if containers are improperly managed during pre- 
administration. For example, t o  allow containers t o  remain in a 
partially opencd state in a nonsterile area should significantly 
contribute to  the loss of sterility. The study also shows that in an 
aseptic environment such as a laminar flow hood, therc is little 
chance for contamination of the types of containers tested (Tables I 
and IV). 


CONCLUSIONS 


It was found that all three types of containers were well protected 
from bacterial contamination when procedures recommended by the 
manufacturers were used. The Type C open air system was least 
susceptible to  contamination undcr stress conditions. 


Table V1-Summary of 99% Confidence Intervals for True 
Contamination Rates under Experimental Conditions 


--Type A-- --Type B-- --Type Con- C-- 


Test trol Test trol Test trol 
con-  Con- 


Capped 14-28z 1-12z 0-3% 0-5% 0-5% 0-5% 
Partially 48-73% &lo% 51-76% O--l4% 0-7% O-lO% 


uncapped 
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On the basis of the results reported here, one may speculate that 
contamination. emanating from outside the containers, can be the 
result of poor handling techniques. It may further be concluded that 
under the stress conditions studied, fully capped Type A containers 
were contaminated to  a greater extent than those of Types B and C. 
It was also observed that with the containers partially uncapped, 
Types A and B were contaminated more frequently than was Type 
C. Furthermore, there was no difference between contamination 
rates for the control units. 


I t  is the recommendation of the authors that regardlcss of the type 
of container used, or the precautions and engineering by the 
manufacturer, it is imperative that aseptic techniques be employed 
Crom the time the container is removed from the carton to the time 
infusion is completed. 
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2- (Aminoethanesulfonylamino) thiazole and Related 
Compounds I: Stability, Absorption, Excretion, and 
Some Pharmacological Activities 


SHUN-ICHI NAITO’ and SAKAE SHIMIZU 


Abstract 0 Decomposition rate constants of nicotinoyltauraniino- 
thiazole in aqueous solution at high temperatures were determined. 
IJnchanged nicotinoyltatiraminotliiazole and three decomposition 
products (tauramiiiothiazole, aminothiazole, and an unknown 
substance) were detected by TLC. Nicotinoyltauraniinothiarole 
has both analgesic and anti-inflammatory activities. Blood levels, 
tissue distribution, and excretion of nicotinoyltauraminothiazole 
in animals were also investigated. In urine of rabbits after the 
administration of the chemical, unchanged compound, tauraniino- 
thiazole, and a metabolite of undetermined structure were isolated. 


Keyphrases Nicotinoyltauraiiiinotliiazole -stability and bio- 
pharniaceutical studies 0 2-(Aminoethanesulfonylamino)thia~oles 
-stability and hiopharmaceutical studies, nicotiiioyltauramino- 


thiazole U Anti-inflammatory activity-nicotinoyltauraminothia- 
zole 


Only a few thiazole derivatives are marketed drugs. 
These include dithiazanine iodide (anthelmintic) (I) ,  
succinylsulfathiazole (sulfonamide) (2), sulfathiazole 
(sulfonamide) ( 3 ) ,  thiabendazole (anthelmintic) (4), 
and thiamine derivatives (vitamin). 


A1 th ough tauraminothiazole [ 2-( anii n oet hanesulfon- 
ylamino)thia~ole] was synthesized by Winterbottom 


et al. ( 5 ) ,  nicotinoyltauraminothiazole is a new com- 
pound and was synthesized in a series of 2-aminoethane- 
sulfonic acid derivatives (64). If taurinc is liberated 
partially from nicotinoyltauraminothiazole in uiuo, 
the surface activity of taurine must havc some effect 
on thc activity of the remaining components (2-amino- 
thiazole and/or unchanged nicotinoyltauraminothi- 
azole). It was established that the bond betwecn the 
amino group and the 2-aminoethanesulfonyl group 
cannot be ruptured easily in rabbits; liberation of 
taurine from the nicotinoyltauraminothiazole will be 
examined later in man. 


In the present work, the stability, acute toxicity, and 
some pharmacological activities of nicotinoyltauramino- 
thiazole were investigated. Its absorption, excretion, 
distribution, and metabolic pathway were also studied. 


EXPERIMENTAL 


Sample for Kinetic Study of Stability-About 1 ml. of a 0.8Z 
nicotinoyltauraminothiazole hydrochloride solution was placed in 
a colorless ampul (I-ml. capacity). The samples were stored a t  
50, 60, and 70 i 1“ .  and the solutions were assayed at various 
times. 








preciable extent a t  lower flow rates. This finding gives rise to the 
interesting observation that, for constant-surface pellets, the system 
is, in a sense, more “homogeneous” at  lower agitation intensities. 
Determination of solvent flow patterns in the dissolution chambers 
a t  different flow rates would aid in the selection of proper flow rates 
for any particular system. Such studies, using the method described 
by Withey and Bowker (7), are in progress in these laboratories. 
Beaker Method-In a previous publication ( 5 )  dealing with tablet 


formulations, the three-bladed stirrer (50 r.p.m.) method of agita- 
tion resulted in a faster dissolution rate than the rotating basket 
method (100 r.p.m.). Yet the nomogram in Fig. 10 shows that the 
three-bladed stirrer, even at 200 r.p.m., produced a slower dissolu- 
tion rate than the rotating basket at 100 r.p.m. The following ex- 
planation emphasizes the inherent difficulties associated with the 
beaker system. When working with disintegrating tablets, the gran- 
ules fall out of the basket and are then subject to lower (actual) 
agitation intensities beause they are not in close proximity to the 
basket. This problem is compounded by the fact that the basic 
design of the basket makes it a poor stirring device for the solvent. 
The three-bladed stirrer was designed to agitate and therefore 
provided greater agitation than did the rotating basket in the tablet 
formulation experiments, especially after disintegration took place. 
However, with the nondisintegrating pellet the solid remains in the 
basket and is continuously subjected to the recorded rotational 
speed. Furthermore, in these experiments, the pellet was in the 
stationary basket well removed from the three-bladed stirrer; thus 
the agitation intensity near the pellet was considerably less than 
that near the blades. With the USP disintegration apparatus, the 
dissolution of the pellet was undoubtedly slowed by positioning it 
on the bottom of the beaker. 


These results indicate that, with the beaker method, unwanted 
variations are likely, depending on the nature of the dissolving 
solid (disintegrating or nondisintegrating) and the particular condi- 
tions of the experiment (placement of the solid in relation to the 
stirrer, etc.). In addition, the “constant” stirring does not yield a 
constant (effective) agitation intensity throughout experiments 
with disintegrating tablets; the agitation near the intact tablet is 
quite different from that near disintegrated particles dispersed 
throughout the medium. 


Comparison of Methods-The inherent deficiencies of the beaker 
method are essentially absent with the flow method. First, after 
defining the cell size, the only variable under nonturbulent flow 
conditions is the flow rate. Even under turbulent flow conditions, 
the problems seen with the pellet are reduced with disintegrating 
tablets, since the granules are usually small enough to circulate 
throughout the dissolution chamber. 


Second, in light of the importance of low agitation intensities, 
it is encouraging to see (Fig. 10) that flow rates of less than 10 ml./ 
min. with the 25-mm. cell yield agitation intensities lower than those 
provided by the three-bladed stirrer a t  50 r.p.m. The inherent ad- 
vantages of the flow method are emphasized by the fact that the 
lower flow rates needed for more laminar flow are most likely to 
yield meaningful in vitrci-in vivo correlations. 
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Evaluation of Tablet Breaking Strength Testers 


FRANK W. GOODHART’, J. RONALD DRAPER, DOUGLAS DANCZ, and FRED C. NINGER 


Abstract 0 The objective of this study was to determine the rela- 
tive merits of various tablet hardness testers now used along with 
one new tester, the Heberlein (Tester A). The Instron Tension- 
Compression machine (Tester B) was used as the standard machine 
to which all comparisons were made. A force washer was calibrated 
using the Instron machine, and the identical force washer anvil setup 
was used on various air-operated testers for comparative measure- 
ments. The air-operated testers studied were the Strong-Cobb 
(Tester C1) and three modified Strong-Cobb testers (Testers C2, 
C3, and C4). At an lnstron breaking load of 6.00 kg., Testers C2, 
C3, and C4 gave scale readings (kilograms per square inch) of 
9.60,9.53, and 10.2, while Tester C1 gave a reading of 10.8. Tester 
A results were 10-15% higher than those of Tester C1 when the 
units of comparison were Strong-Cobb units. The kilogram scale on 


Tester A gave values about 10% higher than those of Tester B. 
A review of the current literature on this subject is given together 
with a theoretical analysis of tablet breaking. From the results 
obtained, it is apparent that there are distinct advantages to using a 
hardness tester with a mechanical drive rather than a pneumatic 
type, because more uniform force application rates may be achieved 
and there is less maintenance work and less need for calibration 
checks. 


KeyphraPes 0 Tablets, strength-evaluation and comparison of six 
testers, theoretical aspects of tablet breaking 0 Strength, tablets- 
evaluation and comparison of six testers, theoretical aspects of 
tablet breaking 0 Hardness testers for tablets-mechanical versus 
pneumatic driven, theoretical aspects of tablet breaking, calibra- 
tion method for force response 


The determination of tablet breaking strength (tablet 
hardness test) has become an important measurement 
in the formulation and manufacture of compressed tab- 


lets. During formulation, breaking strength is deter- 
mined along with friability and disintegration-dissolu- 
tion measurements since these factors are often inter- 
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Figure I-Operating principle of the Heberlein (Tester A) hardness 
rester. (See text for description.) 


related. Generally, a manufacturing formula contains a 
breaking strength specification. A specified range of 
breaking strength indicates that factors such as disinte- 
gration, chewability, and friability (which, in turn, is 
related to packaging and handling properties) are all 
within acceptable limits. Since measurement of breaking 
strength is simpler and less time consuming than testing 
friability and disintegration, it has become a common 
control procedure in tablet manufacturing. 


DISCUSSION 


Various instruments have been used over the years to measure 
tablet breaking strength. The most popular ones are the Strong- 
Cobb, hand and air operated, and the Monsanto. The Pfizer and 
Erweka testers are also frequently used in this country. The fact 
that various instruments are used attests to some dissatisfaction 
among users. One problem with the use of hardness testers is the 
question of operator variability. On those testers where mechanical 
force is applied by hand, operator variability can be a significant 
factor in the results obtained. Another factor that causes suspicion 
on the part of users is the lack of adequate or even recommended 
calibration procedures for ensuring the accuracy of testers. How- 
ever, Brook and Marshall (1) described a calibration procedure for 
various testers using a piezoelectric force transducer. 


Specific deficiencies in the Strong-Cobb, Monsanto, Pfizer, and 
Erweka testers were pointed out by Brook and Marshall ( I )  and 
Ritschel et al. (2). The Strong-Cobb tester records breaking strength 
as air pressure in kilograms per square inch rather than as a com- 
pressional load. Therefore, its scale values cannot be directly corn- 
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Figure 2-Schematic diagram of Tester A hardness tester. (See 
text .for description.) 
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Figure 3-Diagrammatic representation of air-operated hardness 
testers. (See text for description.) 


pared to other testers that have force scales. The Strong-Cobb instru- 
ment needs frequent checking and calibration, k a u s e  the air cylin- 
der gets dirty easily and this interferes with plunger movement. Also, 
the needle valve sometimes needs adjustment so that the load is 
applied at a uniform rate. Ritschel et al. (2) reported an initial delay 
in the registration of pressure for this tester. Brook and Marshall (1) 
demonstrated that three new Monsanto testers agreed fairly well in 
reproducibility among instruments, but two older instruments gave 
significantly higher readings and this was attributed to fatigued 
springs. However, Ritschel et al. reported that two older instruments 
of the same kind gave lower readings and questioned the initial 
uniformity of springs in testers when they are produced. The Pfizer 
tester was tested by both groups of researchers, and Ritschel et al. 
reported that their results did not conform to those of Brook and 
Marshall. Spring fatigue and manufacturing variations were again 
mentioned as factors. Significant operation variability was found 
when using the Plizer tester and was believed to be caused 
by a variable rate of load application. The Erweka tester presumably 
eliminates operator effects, since it is mechanically driven; but it has 
been shown that significant large zero errors can occur (1). Ritschel 
et ul. (2) found a surprisingly large operator variation for the Erweka 
tester. 


A number of other testers have been employed to a lesser extent; 
these are the Dynstat (3), the DBT (2), and a Dillon force gauge 
setup (4). A new instrument, the Heberlein (Figs. 1 and 2) became 
available in this country in 1970. Both hand- and motor-operated 
versions are available. This instrument provides a horizontal mount- 
ing surface for the tablet. The right side of the instrument contains a 
horizontal shaft and rectangular anvil which contacts the tablet 
during operation. The left-hand side of the instrument also has an 
anvil and shaft. The shaft is connected by a gear to a pendulum 
weight inside the instrument housing. When in operation, the pen- 
dulum is displaced until the tablet breaks. The degree of displace- 
ment of the pendulum is recorded on a scaled dial on the front of the 
instrument. This dial is calibrated in kilograms and Strong-Cobb 
units. The instrument calibration can be simply checked by mount- 
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Figure +Methods of determining the breaking strength of brittle 
materials. (See text for description.) 
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Figure 5-Schematic view of the method for comparing force washer 
response to Tester B and air-operated testers. (See text .for descrip 
tion.) 


ing a weight over a pulley and attaching it to a screw which fits into 
the left-hand shaft connected to the pendulum. The results obtained 
from the hand-operated and motor-driven units do not agree (2). 


The Strong-Cobb and modified Strong-Cobb testers operate on 
the same mechanical principle and resemble each other in appear- 
ance. However, the modified Strong-Cobb tester has several features 
not supplied with the Strong-Cobb tester (Fig. 3). It includes an air 
filter in the apparatus to ensure clean air to the instrument. Both 
instruments have pressure regulators, but the modified Strong-Cobb 
tester has a pressure gauge to allow for adjustment of air pressure to 
the tester. Another difference is the kind of needle valve used on the 
two testers. The Strong-Cobb tester is adjustable by means of a 
handle at the back of the instrument. The modified Strong-Cobb 
tester has a more sensitive needle valve which is adjusted with a 
screwdriver during calibration. The function of these valves is to 
provide a certain rate of pressure application. Moreover, the Strong- 
Cobb tester has a manual exhaust while the modified Strong-Cobb 
tester has an automatic exhaust. An automatic exhaust releases the 
air pressure when the tablet breaks. The piston of the Strong-Cobb 
tester plunges to the anvil when a tablet breaks and the pressure must 
be relieved manually. 


Instructions for the Strong-Cobb tester indicate that an in-line air 
filter should be used. Also, the pressure regulator is set by the factory 
to supply 27.2 kg. (60 Ib.) of pressure. The instructions suggest that 
the needle valve be adjusted for various-sized tablets, giving a slow 
rate of load application for soft tablets and a higher rate to the 
harder tablets. 


-7E51ER C--- 
A - --INSlRON- 4 -  , 4 - 41s..r.* 


0.02 0.04 0.04 0.10 50 50 60 60 
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FACTORY Ib./sq. in. 
SETTING 


Figure &Response of carious hardness testers to 1.59-cm. steel 
slugs. (See text for description.) 


Table I-Calibration of the Force Washer Using the Tester B 
Machine 


Pc- cornla- dlcted 
tion Co- Load at 


Run Response Curve4 efficient 2.0 mv. 


kg. = 0.059 + 2.94 mv. 1.00 5.94 
kg. = 0.059 + 2.94mv. 1.00 5.94 


Day 1 
Day 2 
Day 3 kg. - -0.053 + 3.10mv. 1.00 6.15 


kg. = -0.018 + 3.10mv. 1.00 6.00 Day 4 


0 Includes data for three sizes of steel slugs and three rates of load 
application. 


The modified Strong-Cobb tester is checked for calibration rou- 
tinely by the maintenance shop. Calibrations are made using a 
spring tester and gauge, which is checked for accuracy using a dead- 
weight tester. The tester is adjusted for rate using the needle valve to 
give a scale reading of 15 in 10 sec. at 22.7 kg. (501b.) ofair pressure. 
Before this calibration, the freedom of piston movement must be 
checked. Dust particles that enter the cylinder body on exhausting 
will retard free movement of the plunger or cause leakage around 
the neoprene cylinder washer. Testers should periodically be dis- 
mantled and cleaned. The plunger should be lubricated periodically 
to ensure free movement. 


THEORY OF TABLET BREAKING SIlZENCTH 


Many papers have appeared on the evaluation of tablet hardness 
testers, but only a few papers have treated the theory of tablet break- 
ing strength tests ($6) .  The following discussion is included to give a 
basic view of tablet breaking strength. 


The testing of tablet crushing strength is more fundamentally 
known as the determination of breaking load. Breaking load is one 
means of measuring the teirsile streugth of brittle materials. Various 
methods of tensile strength testing were described in detail by 
Berenbaum and Brodie (7) and by Earnshaw and Smith (8). The 
three kinds of tensile strength testing described by these authors are 
the indentation test, the bendirrg or flexrrral test, and the diametral 
Compression test (Fig. 4). 


The principle of the indentation test is to compress a cubic speci- 
men on opposite sides using a pair of flatended indenters (Fig. 4). 
When a material fails under tension, a vertical crack appears, where- 
as failure of shear strength results in a large number of irregular 
btoken pieces. The values for tensile strength and shear strength 
can be determined using the indentation test by altering the thick- 
ness of the sample and the diameter of the indenter. For the indenta- 
tion test to measure breaking load under tension, the shear strength 
of a material should be at  least four times the tensile strength. 


An alternative to direct tensile strength measurement is the bend- 
ing or flexural test (Fig. 4). In this test the specimen is supported at 
several points, and a load is applied from above which causes 
the sample to break. This test was criticized by Rudnick et al. (9) be- 
cause of nonuniform stress distribution, which in practice gives re- 
sults that are considerably in excess of true tensile strength. The 
bending test was adapted to the Strong-Cobb tester by Endicott 
et al. (10) and to the Erweka tester by Delonca et al. (1 I). This type 
of measurement was shown to give smaller and more precise results. 


A third method, the diametral compression test (Fig. 4), is the 
most accepted method of measuring tensile strength. In this test a 


Table II-Summary of Correlation Results Obtained from 
Running Tablets and Steel Slugs on Tester B and 
Monitoring with the Force Washer" 


Response Curve 


Tablets mv. = 0.047 + 0.354 kg. 
mv. = -0.007 + 0.330 kg. Slugs 
kg. = -0.117 + 2.816 mv. Tablets 
kg. a -0.012 + 3.024 mv. Slugs 


Specimen 


a Includes data for three sizes of steel slugs and three tablet sizes, each 
made at two compression force levels, and tested at three rates of load 
application on Tester B. 
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Table III-Response of the C Type Testers Using a Steel Slug and Tablet and Monitoring with the Force Washer" 


Test& Specimen Response Curve 
Cmrelation Predicted Scale 
Co@cient Reading at 2.5 


c 1  
c 1  
c 2  
c 2  
c3 
c 3  
a 
c4 


Steel slug 


Steel slug 


Steel slug 


Steel slug 


Tablet 


Tablet 


Tablet 


Tablet 


S.R. = 0.77 + 4.05 mv. 
S.R. = 0.88 + 4.11 mv. 
S;R. = 0.16 + 3.76 mv. 
S.R. = 0.01 + 4.22 mv. 
S.R. = 1.11 + 3.75mv. 
S.R. = 1.12 + 3.57 mv. 
S.R. = 0.92 + 3.89 mv. 
S.R. -- 1.96 + 3.50mv. 


1 .oo 
0.96 
1 .oo 
0.98 
1 .oo 
0.99 
1 .oo 
1 .oo 


10.90 
11.16 
9.56 


10.56 
10.48 
10.05 
10.65 
10.71 


a Response curves of the 1.59-cm. slug were generated from 32 measurements on each tester. Response cwves of tablets were generated from 20 or 
30 measurements on each tester. * See text for designation of tester. c S.R. = scale reading in kilograms per square inch. d Calculated from equation 
under response curve column. 


right circular cylinder, disk, or tablet is compressed between platens 
in contact with the edges of the sample. A uniform tensile stress 
occurs across the diametral plane joining the two lines of contact of 
the specimens and platens. The tensile strength is directly propor- 
tional to load, and its magnitude is given by the equation ( 5 ) :  


2P 
uz = - TOT 


where uZ is the tensile strength, P is the applied load, D is the diam- 
eter, and Tis the thickness of the specimen. 


Both tensile and compressive stresses exist along the loaded 
diameter of a tablet under test. Compressive and shear stresses vary 
along the loaded diameter and are maximal at the points of contact. 
Use of Eq. 1 is contingent principally on a vertical break as pre- 
viously described. Another precaution in the determination of 
tensile strength by the diametral compression test is to minimize 
the area of contact between the platen and the specimen. The smaller 
contact area reduces the compressive and shear stresses in regions 
near the applied load where they are greatest and where the speci- 
men will most likelv break in tension. Fell and Newton ( 5 )  demon- 
strated 
platen 


12 


10 


m 
K 


$ 0  
W 
!- 


$ 6  
0 


3 
2 


4 


2 


0 


e use of soft padding material between the t a b k  and the 
testing the strength of various lactose tablets. This was 


MILLIVOLTS, FORCE WASHER 


Figure 7-Compurison o /  Tester B force response to force washer, 
1.59-cm. sfeel slug and 1.59-cm. tablet. 


necessary to obtain breakage of tablets in tension only and thus pro- 
vide more reproducible results. 


A multiobjective study of three tablet hardness testers was 
undertaken to determine their relative merits and shortcomings as 
routine instruments. The testers studied were: (a )  the air-operated 
Strong-Cobb tester, (b) three modified Strong-Cobb testers con- 
taining some upgraded components to improve their performance1, 
and (c)  the electrically operated Heberlein tester which is a constant- 
speed motorized unit. The objectives were: (a)  to determine if all 
three kinds of instruments give the same crushing strength readings, 
(b) to determine the accuracy and pmision of the testers, and (c) 
to obtain a method of calibration for the testers. 


EXPERIMENTAL 


Equipmeat-The Instron Tension-Compression machine, model 
TM (Tester B), was used as the standard machine to which compari- 
sons of the three testers were made. The anvils of the Strong-Cobb 
tester (Tester C l )  and the modified Strong-Cobb testers (Testers 
C2, C3, arid C4) are easily removed and can be used as mounting 
supports for the specimens being tested on Tester B. A force 


C l  


1 2 3 
MILLIVOLTS. FORCE WASHER 


Figure 8-Response of various air-operated hardness testers using 
steel slugs. 


~ ~~ ~~ 


1 These testers are made by the maintenance shop, Warner-Lambert 
Co., Morris Plains. N. J. 
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Table N-Comparison of Breaking Strength Obtained from Tester B to the C Type Testen 


Instrument" 


Breaki L a d ,  kg.. ScaleRcadingat 
Breaking Load 


of 6.00 kg. 
at&Reading 


Correlation Analysis of 10.0 


c 1  
c 2  
c 3  
c4 


~ 


kg. (Tester B) = -0.08 + 0.562 X (scale reading) 
kg. (Tester B) = 0.28 + 0.596 X (scale reading) 
kg. (Tester B) = -0.32 + 0.663 X (scale reading) 
kg. (Tester B) - -0.55 + 0.644 X ( d e  reading) 


5.54 
6.24 
6,31 
5.89 


10.8 


10.2 


9.60 
9.53 


a See text for instrument designations. b Data illustrated in Fig. 9. 


washer' was obtained and mounted on the anvil as illustrated in 
Fig. 5. The force washer was the full wheatstone bridge type., having 
a maximum load capacity of 27.2 kg. (60 lb.). It was activated by a 
6-v. power supply3, and its output was recorded in millivolts on a 
strip-chart recorder'. A steel plunger having the same diameter as 
is used on Testers Cl ,  C2, C3, and C 4  was made for use with the 
Tester B machine. Specimens were mounted as illustrated in Fig. 5. 
and an Instron force reading as well as a force washer reading was 
obtained simultaneously. In this way, the force washer was calibrated 
and could be used as a secondary standard when the entire anvil 
assembly was used with the type C testers. 


Materials-Stainless steel slugs, having 1.59-cm. (0.63-in.), 
1.1 1-cm. (0.43-h.), and 0.71-cm. (0.28-in.) diametep, were made 
to use as artificial tablets for the comparison of instruments. Tab- 
lets of the same diameter were also made, consisting of 64.5 % spray- 
dried lactose, 35 microcrystalline cellulose. and 0.5 magnesium 
stearate. A number of tablets were made as uniform as possible by 


t 


/ 


weighing the correct quantity of granulation and compressing tab- 
lets on an Instron tester (model lT) using standard 1.91-cm. (0.7s 
in.) barrel diameter punches and a 3.02-cm. (1.19-in.) die. These 
t o ~ k  were used in a special jig which serves as a holder for compres- 
sion of a single tablet. Tablets of 1.59-cm. (0.63-in.) diameter 
weighed 1.15 g. and werecompressed at 907, 1134, and 1361 kg. 
(2000, 2500. and 3OOO lb.); tablets of 1.ll-cm. (0.43-in.) diameter 
weighed 500 me. and were Compressed at 726 apd 930 kg. (1600 and 
2050 lb.); and tablets of 0.71-cm. (0.28-in.) diameter weighed 150 
mg. and were compressed at 454 w d  680 kg. (lo00 and 1500 lb.). 
Tablets were stored in well-sealed glass bottles until ready for test- 
ing. 


RESULTS 


Response of Force Wpsber--The steel slugs were mounted on the 
anvil of type C testers and the assembly was then placed into 
position on the load cell of Tester B (Fig. 5). The assembly was 
centered under the plunger, which was attached to the upper platea 
of Tester B. Tester B and the strain-gauge recorder weq zeroed 
before each run. Three rates were tested: 0.051, 0.102, and 0.254 
cm./min. (0.02, 0.04, and 0.10 in./min.), and rtms were made on 4 
separate days. 


The results of typical runs are illustrated in Fig. 6, which shows 
recordings obtained from the force washer. A series af correlation 
analyses was made from the data compiled from various force 
washer peak heights wrsus the load value from Tester B. No sig- 
nificant differences were found for the three sized slugs or the three 
rates used. Table I summarizes the calibration curve data for 4 
separate days, in which each day includes all slug sizes and all rates 
of load application. At a 2.0-mv. (about 6.01-kg.) reading, the pre- 
dicted load on various days varied by no more than 3.5% with a high 
degree of correlation. 


The same experiment was repeated using tablets of Merent  
sizes and made with various compression forces. Tester B load 
readings were again compared to the millivolt output of the 
force washer, @rid the results of the correlation analysis 
indicate that the rate of load application, tablet size, and compres- 
sion force used to make the tablets were not significant factors in the 
results obtained. The pooled results from both tablets and slugs are 
given in Table 11. 


1 2 3 
MILLIVOLTS, FORCE WASHER 


Figure 9-Response of various air-operated hardness testers using 
tablets. 


~~~~~~~ 


2 Model 1200B. Houston Scientific Industries, Inc., Houston, TX 
a Model 801C, Hewlett-Packard, Paramus, NJ 07652 
4 Electronic 19. Honeywell Industrial Division. Fort Washington. 


7701 8 


PA 19034 


2.0 4.0 6.0 8.0 10.0 
SCALE READING, kgJin.1 


Figure lQcomparison of &-operated tester response to Tester 8 
response. Key: 0, Tester Cl ;  A, Tester C2: 0, Tester C3: and 8, 
Tester C4. 
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2.0 4.0 6.0 8.0 10.0 
SCALE READING 


Figure 11-Comparison of breaking strength of Testers B, C l ,  
and A. 


The results for both steel slugs and tablets are illustrated in Fig. 7. 
Although the results from each experiment were linear, the force 
washer response for these two different materials was somewhat di- 
vergent. A possible explanation for this result is that the tablets were 
more resilient than the steel slugs. However, the main objective of 
this part of the experimentation was to prove good linearity and 
reproducibility in the force washer response. Hqving achieved ex- 
cellent working characteristics on the anvil-force washer combina- 
tion, the same setup could be used to evaluate the operating char- 
acteristics of the C type hard- testers. 
Response of the C Type Testers Uslpg a S W  Slug and 


Tablets-Testers C1, C2, C3, and C4 were tested for response using 
a 1.59-cm. steel slug and the various tablets described in the Experi- 


I r 1 -  I I 1 I 


A A  c2  c3 c4 c1 B 


Table V-Comparison of Breaking Strength Obtained from 
Tester B to Testers C1 and A 


Instrument Correlation Analysis 


Testa  A 


Tester A 


Tester C1 


kg. (Tester B) - 
kg. (Tester B) = 


kg. (Tester B) = -0.08 + 0.562 X (scale 


0.05 + 0.624 X (scalereading 
in Strong-Cobb units) 
0.01 + 0.901 X (scale reading 
in kg.) 


reading) 


mental section. The same anvil-Force washer assembly was used as 
described for the Tester B machine. The hardness testers were used 
in the normal fashion, and both the force washer readings and the 
instrument gauge readings were recorded. These results are illus- 
trated in Figs. 8 and 9; the correlation analysis is given in Table 111. 


These results indicate good linearity in response for both speci- 
mens on all testers. For the slug, similar slopes were obtained for 
Testers C1, C2, and C3, but Tester C1 gave a somewhat higher slope. 
Positive intercepts were obtained for all testers, but Tester C2 had a 
much lower intercept than the other testers, These intercept data 
contrast with the results for Tester B, which were nearly zero for 
both tablets and slugs. 


The results obtained for tablets were similar to those obtained for 
slugs, but there was less agreement between slopes of the various 
testers. Tester C2 had a lower intercept for tablets than the other 
three testers and this compares to the results obtained for slugs. 
For testers having intercepts which were significantly different from 
zero, no simple conversion factor to a kilogram force measurement 
can be given. For Tester C2, whose intercept was practically zero, 
a conversion factor of scale reading to kilograms is about 0.66. 
This factor is derived from the results of the Tester B response curve 
for tablets in Table 11. Brook and Marshall (1) reported a conversion 
factor of 0.728 for the Strong-Cobb hardness tester, and Strong- 
Cobb claims a theoretical factor of 0.78 based on a 2.54-cm. (1-in.) 
cylinder area of the piston drive. The high positive intercepts for 
three of the testers indicate that a higher than expected loading is 
occurring early in the run or that significant curvature exists in the 
early portion of the response curve. No readings were obtained 


l1 t 
10 


9 


8 


1 


I 1  1 1  1 I I 


A A  c2  c3 c4 c1 B 


Figure l tOveraI1 comparison of tester response, 0.71-cm. tablet. 
Upper curve is for 454-kg. compression force, and lower curw is for 
68Qkg. compression force. Uniis for Tester A are kilograms per 
square inch and kilograms (left to right); units for Testers CI, C2, C3, 
and C4 (air-operated testers) are kilograms per square inch; and units 
for Tester B are kilograms. 


-~ 
A B  c1 A c2  c3  c4 


kg. S-C UNITS kg.lin.2 


Figme 13-Comparison of o w d l  awrage results for various tablet 
sizes. Key: 0, 1.59-cm. tablet, 1361-kg. compression Jorce; a, 1.59- 
cm. tablet. 907-kg. compression force: A, 1.11-cm. tablet, 930-kg. 
compression force; 4 1.11-cm. tablet, 726-kg. compression Jorce: 
0,0.71-cm. tablet, 680-kg. compressionJorce; and I, 0.71-cm. tablet, 
454-kg. compression force, (Tester A = Heberlein, Tester B = 
Instron, and Testers CI,  C2, C3, and C4 = air-operated testers. 
See text for description.) 
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3 r  


INSTRON INSTRON INSTRON TESTER 
0.102 crn./m;n. 0.051 crn./m’in. 0.254 crn./rn’in. C4 TEST- 


ER C1 


Figure 14-Comparison of the rates of force application for tablets. 
Tester C4 = a modi’ed Strong-Cobb tester, and Tester Cl  = Strong- 
Cobb tester. 


below a scale reading of 4, which would have indicated whether 
initial loading or a curvature existed. A high initial loading would 
indicate some frictional forces in the instrument must be overcome 
before reaching linearity. 


Calculated tester scale readings from the response curves listed in 
Table III indicate that a 2.5-mv. force washer loading (6.92 kg. 
equivalent from Tester B tablet response curve) gives readings of 
11.2, 10.6, 10.1, and 10.7 for Testers C1, C2, C3, and C4, respec- 
tively. These data indicate that significant variations can occur be- 
tween the same instruments when actually breaking tablets. Figure 
3 indicates that the response slopes are more uniform with slugs than 
with tablets (Fig. 9). The individual tester response to tablets is 
dependent on both its intercept and slope. 
Comparison of C Type Tester Respoase to Tester B Response 


The results obtained from breaking random samples of the various, 
specially prepared tablets on the Tester B machine and the C type 
testers were compared as illustrated in Fig. 10. From this curve, the 
correlation of breaking strength in kilograms to scale readings can 
also be determined, and these comparisons are given in Table IV. 
A similar comparison could be made by combining response equa- 
tions for the Tester B machine and the C type testers since a milli- 
volt response was obtained for each. 


The instruments are variable in response, as noted by the differ- 
ent slopes and intercepts for each tester. The data in general indicate 
that one conversion factor is not valid for conversion of scale read- 
ing to breaking load in kilograms. Table IV gives an example of the 
calculated load for a scale reading of 10.0 for each tester. The calcu- 
lated scale reading for a 6.00-kg. breaking load is also given in the 
same table. Among the modified C type testers, a cakulated range 
of 9.53-10.2 is obtained in scale readings. The Tester C1 calculated 
scale reading for a 6.00-kg. load is 10.8, which is sienificantly higher 
than the modified testers. The modified testers were calibrated by 
the previously mentioned procedure just prior to this work, and 
Tester C1 was new and used according’to the instructions supplied. 
The reason for nonagreement between testers was not readily ap- 
parent during the testing. 
Comparison of Tester C1 and Tester A Response to Tester B Re 


spcnme-Figure 11 illustrates the results obtained from breaking 
the specially prepared tablets on the Tester B machine uersus the 
scale reading obtained from tablets broken on Testers C1 and A. 
The correlation analysis of Tester B breaking strength to the tester 
scale readings is given in Table V. 


In comparing breaking strengths of tablets between Testers A and 
C1, it was found that the former tester gives significantly higher 
results and that these could be l0-15% greater than Tester C1, de- 
pending on the hardness range considered. The usually assumed 
“scale factor” of 0.78 (scale reading to kilograms) for Tester C1 
does not compare favorably with the slope of 0.624 obtained for 
Tester A. 


The kilogram scale on Tester A is about 10% higher than the 
actual breaking load determined on Tester B. A very small intercept 
was obtained for this correlation, indicating that a scale factor of 
0.90 would be fairly accurate in converting Tester A breaking load 
in kilograms to Tester B breaking load in kilograms. 


Overall ComparisOa of Tester Reqmse-Overall comparisons 
between testers are illustrated in Fig. 12 for 0.71-cm. diameter tab- 
lets. The lower curve presents the scale reading from each instrument 
and illustrates the variability that can be expected by breaking 
tablets that are prepared in the most uniform method possible. In 
general, the results for Testers A and B in kilograms breaking load 
are sisnificantly lower than the readings of other testers whose scales 
are in kilograms per square inch. Modified Testers C2 and C3 
usually gave somewhat lower readings than Tester C4. Also, results 
of Tester C1 were higher than those of Testers C2, C3, and C4. 


The upper curves in Fig. 12 illustrate the actual breaking load. 


Flgm 15-Typical broken tablet fragments. Key: top, modified 
Tester C2 at 27.2 kg. (60 lb.) (lefi) and 22.7 kg. (50 lb.) (right) 
operating pres8ure; bottom, Tester A and Tester Cl .  


The data for the airaperated testers were obtained by measurement 
of force washer response. The equation used for this calculation was 
given in Table II and is repeated here: 


kg. = -0.117 + 2.816mv. (Eq. 2) 
Under ideal working conditions for the testers, a relatively flat 


c w e  for breaking load would be expected. It has been shown that 
the force washer response was not significantly affected by using 
different sizes of tablets made at two compression force levels. 


To illustrate the trends in the various testers, overall average 
scale readings were plotted for all tablets in Fig. 13. These data show 
that on the average the Tester A results in a kilogram breaking load 
consistently higher than Test& B. A comparison of Testers C1 and 
A indicates that higher values are obtained from Tester C1 and that 
these differences range from 0.8 to 1.6 units. Inspection of the results 
of modified Testers C2, C3, and C4 indicates that Tester C4 is 0.3- 
1.5 units higher in most instances. 
Rate of Force Application-The forwresponse curve for the 


various testers was examined to determine whether this factor af- 
fected the breaking strength obtained. Figure 14 illustrates the type 
of force curves obtained for Tester B at three rates, for Tester C4, 
and for Tester C1. Tester B results indicate that a piston travel rate 
of 0.254 cm./min. approximates the rate of force application rate of 
Tester C4. Tester C1, however, applies force at a much faster rate, 
almost twice the rate of Tester C4 and Tester B. The rates of 0.102 
and 0.051 cm./min. for Tester B are considerably slower than the 
rates obtained for any of the air-operated testers. The peak responses 
on the Tester B curve indicate the point of diametral cracking. 
Force level drops after cracking, but if the tablet remains in place 
the force level again rises, as seen for the 0.102-cm./min. rate (Fig. 
14). The sharp drop is obtained on releasing the Tester B drive. The 
modified C type testers, in general, produce a diametral crack 
similar to Tester B, but several fragments may be formed. Typical 
broken tablet fragments are shown in Fig. 15. Of particular interest 
is the fact that the relatively fast rate of Tester C1 results in the 
shattering of the tablet. This fast rate is responsible for the more 
complex breakage of a tablet; i.e., tablets are not broken in tension 
and this results in the higher scale reading results obtained for 
Tester C1. 


A better understanding of the mode of force application can be 
seen in Pig. 6, which depicts curves obtained from the various 
testers with steel slug. These slugs are rigid and are not penetrated 
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by the plunger. Thk results in an increasing rate of force application 
when Tester B is used. The air-operated testers, on the other hand, 
give a decreasing rate of load application as load is increased. This 
occurs because of the buildup of pressure within the tester air 
cylinder to the point where it begins to approach the pressure level 
supplied to the tester. Sometimes hard tablets cannot be broken by 
using the air-operated testers, because of the limitation of force a p  
plied by these testers. Because of the change in the rate of load 
application of the air-operated testers a t  higher load levels, the 
constant-speed mechanical tester would be preferred. Figure 6 also 
points out the fact that variable rates are obtained for different air- 
operated testers and that this rate is not easily adjusted or con- 
trolled. 


SUMMARY A N D  CONCLUSIONS 
A suitable method of calibrating the force response of air-operated 


hardness testers was developed. The results obtained from various 
type C testers were variable and could be traced to inconsistencies 
between instruments such as variable rate of load application and 
variable friction in the piston. The Tester A instrument load scale 
(kilograms) gave values about 10% higher than were obtained in 
Tester B. 
There are distinct advantages for using a mechanical tester such as 


Tester A: 
1. More uniform force application may be achieved. 
2. Less maintenance work is required. 
3. There is less need for calibration checks. 
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New In Vitro Disintegration and Dissolution Test 
Method for Tablets and Capsules 


FRANK W. GOODHART', ROBERT H. McCOY, and FRED C. NINGER 


Abstract 0 An in uirro technique for testing the disintegration and 
dissolution of tablets and capsules was developed and evaluated. 
The apparatus consists of a beaker with a cylindrical well in the 
bottom into which is placed a platform containing the dosage form 
to be tested. Shallow cylindrical depressions in the platform are 
used to hold capsules snugly in a vertical position for testing while 
variously shaped depressions are used for tablets, depending on 
their size and shape. Comparisons between the official and the 
new method indicated that the official test does not differentiate 
between capsule formulations containing a hydrophobic lubricant. 
A phenylpropanolamine hydrochloride capsule formulated with 
a high level of magnesium stearate was shown to release drug more 
slowly in oitro and in oioo. The effects of capsule formulation fac- 
t o n  such as type and level of lubricant and disintegrant as well as 
the presence of a surfactant were determined. It was found that the 
use of magnesium stearate and hydrogenated vegetable oil as lubri- 


cants significantly prolonged the in oirro disintegration time of 
hard gelatin capsules. Hard gelatin capsules also disintegrated 
more rapidly in artificial gastric fluid as compared to distilled 
water, and machine-filled capsules generally disintegrated more 
slowly than hand-filled capsules. Studies on tablets containing a 
slightly water-soluble drug indicated that the method of preparing 
the granulation has an important effect on the in dtro release of the 
drug. 


Keyphrases 0 Dissolution-method and equipment for tablets 
and capsules, compared to cornpendial method IJ Tablet dissolu- 
tion-method and equipment, compared to cornpendial method 0 
Capsule dissolution-method and equipment, effect of lubricant 
and disintegrant characteristics, surfactants, compared to com- 
pendial method 0 Surfactant effect4issolution of capsules, 
method, equipment 0 Phenylpropanolamine hydrochloride cap- 
sule-dissolution characteristics, effect of formulation 


Progress in in oitro dissolution technology of solid 
dosage forms resulted in the adoption of a specific 
apparatus and methodology by N F  XI11 and USP XVIII 
for testing drug availability from tablets and capsules. 


In addition, the basket-rack assembly is still recognized 
by the official compendia as a test method for the dis- 
integration of tablets. No test method has ever been 
adopted for testing the disintegration of capsules. I n  
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On the basis of the results reported here, one may speculate that 
contamination. emanating from outside the containers, can be the 
result of poor handling techniques. It may further be concluded that 
under the stress conditions studied, fully capped Type A containers 
were contaminated to  a greater extent than those of Types B and C. 
It was also observed that with the containers partially uncapped, 
Types A and B were contaminated more frequently than was Type 
C. Furthermore, there was no difference between contamination 
rates for the control units. 


I t  is the recommendation of the authors that regardlcss of the type 
of container used, or the precautions and engineering by the 
manufacturer, it is imperative that aseptic techniques be employed 
Crom the time the container is removed from the carton to the time 
infusion is completed. 
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2- (Aminoethanesulfonylamino) thiazole and Related 
Compounds I: Stability, Absorption, Excretion, and 
Some Pharmacological Activities 


SHUN-ICHI NAITO’ and SAKAE SHIMIZU 


Abstract 0 Decomposition rate constants of nicotinoyltauraniino- 
thiazole in aqueous solution at high temperatures were determined. 
IJnchanged nicotinoyltatiraminotliiazole and three decomposition 
products (tauramiiiothiazole, aminothiazole, and an unknown 
substance) were detected by TLC. Nicotinoyltauraniinothiarole 
has both analgesic and anti-inflammatory activities. Blood levels, 
tissue distribution, and excretion of nicotinoyltauraminothiazole 
in animals were also investigated. In urine of rabbits after the 
administration of the chemical, unchanged compound, tauraniino- 
thiazole, and a metabolite of undetermined structure were isolated. 


Keyphrases Nicotinoyltauraiiiinotliiazole -stability and bio- 
pharniaceutical studies 0 2-(Aminoethanesulfonylamino)thia~oles 
-stability and hiopharmaceutical studies, nicotiiioyltauramino- 


thiazole U Anti-inflammatory activity-nicotinoyltauraminothia- 
zole 


Only a few thiazole derivatives are marketed drugs. 
These include dithiazanine iodide (anthelmintic) (I) ,  
succinylsulfathiazole (sulfonamide) (2), sulfathiazole 
(sulfonamide) ( 3 ) ,  thiabendazole (anthelmintic) (4), 
and thiamine derivatives (vitamin). 


A1 th ough tauraminothiazole [ 2-( anii n oet hanesulfon- 
ylamino)thia~ole] was synthesized by Winterbottom 


et al. ( 5 ) ,  nicotinoyltauraminothiazole is a new com- 
pound and was synthesized in a series of 2-aminoethane- 
sulfonic acid derivatives (64). If taurinc is liberated 
partially from nicotinoyltauraminothiazole in uiuo, 
the surface activity of taurine must havc some effect 
on thc activity of the remaining components (2-amino- 
thiazole and/or unchanged nicotinoyltauraminothi- 
azole). It was established that the bond betwecn the 
amino group and the 2-aminoethanesulfonyl group 
cannot be ruptured easily in rabbits; liberation of 
taurine from the nicotinoyltauraminothiazole will be 
examined later in man. 


In the present work, the stability, acute toxicity, and 
some pharmacological activities of nicotinoyltauramino- 
thiazole were investigated. Its absorption, excretion, 
distribution, and metabolic pathway were also studied. 


EXPERIMENTAL 


Sample for Kinetic Study of Stability-About 1 ml. of a 0.8Z 
nicotinoyltauraminothiazole hydrochloride solution was placed in 
a colorless ampul (I-ml. capacity). The samples were stored a t  
50, 60, and 70 i 1“ .  and the solutions were assayed at various 
times. 







Determination of Nicotinoyltauraminothiazole in Aqueous Solution 
-Five microliters of the sample solution was spotted on TLC 
plates, and the plates were developed for a 15-cm. distance using a 
mixture of butanol-dioxane-chloroform-28 % ammonia (8 :2: 1 : 1) 
as a developing solvent and diatomite (Kieselgel G )  as the adsor- 
bent. Zones were scraped off the glass plate 1 cm. above and below 
the original point and were extracted with 3 ml. of water on a boil- 
ing water bath for 3 min. After centrifugation, a mixture of 2ml. of 
the supernate and 1 ml. of 10% cyanogen bromide solution was 
allowed to stand for 20 min. at  room temperature and then 0.2 
ml. of 10% p-aminoacetophenone solution was added. After 10 
min., 4 ml. of n-butanol was added to the mixture and this mixture 
was shaken for 5 min. The mixture was kept in a dark place for 10 
min., and the absorbance of' the butanol layer (the supernate) 
after centrifugation was measured a t  450 nm. The absorbances 
were corrected by subtracting a blank value. 


Acute Toxicity in Mice-The experiment was designed in the 
same way as described previously ( 6 ) .  Nicotinoyltaurarninothiazole, 
its hydrochloride, 2-aminothiazole, or tauraminothiazole hydro- 
chloride as aqueous solutions was administered to mice. The 
volume of the test sample solutions was adjusted to keep it constant 
at  0.1 m1./10 g. body weight. The LD,, of the chemical was cal- 
culated from the number of animals that died during the next 
72 hr., according to the method of Litchfield and Wilcoxon (9). 


Effect of Nicotinoyltauraminothiazole on Squirming and Capillary 
Permeability-- Male dd strain mice, weighing 20 f 1 g., were 
given the test compound orally. The experiment was carried out 
using the method described previously (6). 


Tail Withdrawal Reflex in Mice-The same method as the 
analgesimetry described in the paper of Ben-Bassat et al. (10) was 
used. Each group consisted of 10 male mice (dd strain, average 
weight 16 g.). 


Anti-Inflammatory Activity-Inflammation was produced by 
injection of carrageenin (0.1 ml. 0 1  27,  suspension) into the plantar 
surface of the hind paw of male rats (Wistar strain, average weight 
230 g.). The method described in a previous paper (7) was used. 


Inflammation was also produced by injection of serotonin (0.1 
ml. of 0.0025% aqueous solution) into the plantar surface of the 
hind paw of male rats (Wistar strain, average weight 150 g.). 
Normal saline solution was injected into the other hind paw as a 
control. The test compound was administered subcutaneously in 
an aqueous solution or suspension whose volume was kept constant 
a t  0.5 m1./100 g. body weight. The test compound was administered 
30 min. beforc injection of the phlogistic agent. Control animals 
received an injection of the vehicle, and each group consisted of 
five rats. The effect of the test compound on the edema was deter- 
mined volumetrically 1 hr. after injection of the phlogistic agent. 
The experimental conditions reported by Theobald and Domenjoz 
( 1  1) were used. 


Anaphylactic Shock in Guinea Pigs--Female guinea pigs (Hartley 
strain), with a body weight of about 320 g., were used in the experi- 
ment following the procedure of Labelle and Tislow (12). Guinea 
pigs were challenged exactly 0.5 or 1 ht. after drug administration 
by rapid injection of 1 ml. of horse serum into the saphenous vein. 


Antihistamine Activity-Female guinea pigs (Hartley strain, 
average weight 360 g.j were used in the histamine tests. The com- 
pound was administered subcutaneously 0.5 and 1 hr. before 
histamine injection. 


Histamine dihydrochloride was injected rapidly into the saph- 
enous vein in a dosage of 1.1 mg./kg. The test was made in fasted 
animals. 


Antipyretic Activity-To male rabbits weighing 2.7 kg., 1 5  
mcg./kg. of nonanaphylactogenic polysaccharides obtained from 
Pseudomoms j7uorescens' was administered intravenously, and 
nicotinoyltauraminothiazole solution was given subcutaneously 2 
hr. after the administration of the pyrogen solution. Body tem- 
perature was recorded every 15 min. for 6 hr. Each group consisted 
of three rabbits. 


Detection of Metabolites of Nicotinoyltauraminothiazole in Blood 
-A mixture of 1 rnl. of water, 0.8 g. of sodium chloride, and 
7 ml. of ethyl acetate was added to 1 ml. of plasma taken 1 hr. 
(time of peak blood level) after ingestion of 350 mg./kg. of 
nicotinoyltauraminothiazole. This mixture was shaken vigorously 
for 30 min. After'centrifugation for 5 min., 4 ml. of the ethyl 
acetate layer was evaporated to dryness on a boiling water bath, 
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and the residue was dissolved in 50 pl. of water. Ten microliters 
of this solution was spotted on a chromatographic plate for TLC. 
A blood sample gathered prior to ingestion of the chemical was 
treated by the same procedure as a control. 


For TLC, the solvent system was ethanol-chloroform-28 
ammonia (8 : 2 :  l ) ,  the adsorbent was diatomite (Kieselgel G), and 
the color developer was modified Folin reagent (13). One spot 
having an Rf value of 0.76 (blue) was observed in treated plasma; 
no spots were observed in control plasma. The I+ value of nico- 
tinoyltauraminothiazole was 0.76 (blue). 


Determination of Nicotinoyltauraminothiazole in Plasma-A 
mixture of 1 ml. of plasma and 1 ml. of 10% cyanogen bromide 
solution was treated by the procedure described under Determina- 
tion of Nicotinoyltauraminothiazole in Aqueous Solution. A mixture 
of 0.9 ml. of untreated (normal) animal plasma and 0.1 ml. of 
nicotinoyltauraminothiazole solution of known concentration was 
treated as above to prepare a calibration curve. The procedure 
described is a modification of the method reported by Harris and 
Raymond (14). 


Determination of Nicotinoyltauraminothiazole in Rat Bile- 
Male rats (Wistar strain, body weight 150-170 9.) were treated by 
the method described previously (15). Each group consisted of 
five rats. 


Following oral administration of 200 mg./kg. of nicotinoyl- 
tauraminothiazole by a stomach tube, 1 ml. of bile (instead of 
plasma) was treated according to the method for determination of 
nicotinoyltauraminothiazole in blood. 


Distribution of Nicotinoyltauraminothiazole in Rat Organs- 
To male rats (Wistar strain, body weight 150 f 10 g.), 200 mg./kg. 
of nicotinoyltauraminothiazole was administered orally and the 
animals were killed either 1 hr. (time of peak blood level) or 24 hr. 
following administration. Each group consisted of five rats. Six 
organs (heart, lungs, spleen, kidneys, brain, and liver) were assayed 
for nicotinoyltauraminothiazole. After bleeding each rat, each 
organ was separated and homogenized with 4 ml. of water for the 
brain, 10 ml. of water for the liver, and 3 ml. of water for the heart, 
lungs, spleen, or kidneys. After centrifugation, 1 ml. of the supernate 
of each homogenate was used for the assay, which was performed 
as described under Determinution of Nicotinoyltauraminothiazole 
in Aqueous Solution. 


Separation of Metabolites of Nicotinoyltauraminothiazole in 
Rabbits-Urine from three female rabbits (average weight 3.0 kg.), 
following ingestion of 200 mg./kg. of nicotinoyltauraminothiazole, 
was submitted to lyophilization. This residue was designated a s  A. 
The residue of urine obtained from three rabbits who did not 
receive the drug was designated as B and served as a control. 


A mixture of 100 mg. of Residue A or B and 1 ml. of 5 N HCI 
was kept in an  incubator a t  37 + 2" for 1 hr. After the addition of 
1 ml. of 5 N NarC03 solution, the mixture A' from A or B' from B 
was submitted to TLC. Also, a mixture of 2 ml. of water and 100 mg. 
of Residue A or B was submitted to  TLC. No difference was ob- 
served in the number of spots between Residue A and A' or between 
Residue B and B'. 


Assay of Metabolites of Nicotinoyltauraminothiazole in Rabbit 
Urin-Deferminatioti of Nicotinoyltauruminoihiazole-A mixture 
of 1 ml. of water and 20 mg. of the lyophilized residue of urine 
from rabbits (average weight 3.0 kg.) who had received 200 mg./kg. 
of nicotinoyltauraminothiazole was centrifuged, and 10 pl. of the 
supernate was submitted to TLC, using a mixed solvent of butanol- 
dioxane-methylene chloride-28 ammonia (8:2: 1 : 2 ) .  The spot 
corresponding to nicotinoyltauraminothiazole was scraped off the 
TLC plate and extracted for 3 min. with 3 ml. of water on a boiling 
water bath. Two milliliters of the centrifugation supernate was 
treated by the same procedure as described under Determinution 
of Nicotinoyltauraminoihiuzole in Aqueous Solution. 


Determinotion of' Trrirrami~~athirizole-Ten microliters of the 
supernate obtained by the same procedure as was used above 
was submitted to paper chromatography (PC), .using a mixed sol- 
vent of ethanol-chloroform-28 % ammonia (5 3 :  1 )  and filter 
paper*. The spot corresponding to tauraminothiazole was cut out 
and extracted for 3 min. with 3 ml. of water on a boiling water bath. 
To determine the concentration of tauraminothiazole, 1 ml. of 
the centrifugation supernate was treated with 0.4% ferricyanide 
and 1 


Determinution of' Unknown Metabolite (Metabolite ])-A mixture 
Fe(N03)3 in 0.7 N HNOI (13). 
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Figure 1-Concentruriori of iiicotinoy~tauraminotliirrzole iti aqueous 
solution us its hydrochloride. 
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of 50 mg. of the lyophilized residue of urine and 0.5 ml. of 1 N NaOH 
was heated for 100 min. on a boiling water bath. This mixture was 
combined with 0.5 ml. of 1 N HCI and was then made alkaline with 
0.1 ml. of 5 N Na.K03 solution. The mixture thus obtained was 
made up to 1 ml. with water and analyzed according to the 
method for tauraminothiazole. Tauraminothiazole must be lib- 
erated from nicotinoyltauraminQthiazole and Metabolite 1 in 
urine by alkali hydrolyzation. Therefore, tauraqinothiazole lib- 
erated from Metabolite 1 can be calculated by subtracting both the 
amount of tauraminothiazole that existed originally and the amount 
of tauraminothiazole equivalent to nicotinoyltauraminothiazole 
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Figure 2-Arrlienius plot of decompoJition rule constunts of nico- 
ti~toyltaiirumitiotliiuzole hydrochloride 111 aqueous solution. Key: T, 
ribJohite temperciture, wid kl, decomposition rate constant in re- 
cprocul duys. 
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Figure 3-Mean curve for the fall of elevated body temperature of  
mule rabbits receioing pyrogen. Ench group consisted of three rubbits. 
Key: A ,  controlgroup, mean basal body temperature (MBBT) 39,l O :  


B,  75 mg./kg. of tiicotDioyltauromiltorhiazole, MBBT 39.2"; C ,  100 
mg./kg. of nicotkoyl tuu~ami~zot l~~a~o~e,  MBBT 39.2"; rrnd D, 150 
mg./kg. cf' rzicotitioyltuurrrmitiotliiazole, MBBT 39.3". 


in urine from the total tauraminothiazole obtained by alkali hy- 
drolyzation of the lyophilized residue of urine. 


Identification of Tauraminothiazole Obtained by Hydrolyzation 
of Metabolite 1-In the procedure under Determinution of Nico- 
tinoyltauramiriotliiuzole in Rabbit Urine, 10 spots corresponding to 
Metabolite 1 were scraped off the TLC plate and extracted for 1 
min. with 10 ml. of ethyl acetate on a boiling water bath. Following 
evaporation of the solvent, the residue was mixed with 0.5 ml. of 
1 N NaOH and heated for 100 niin. on a boiling water bath. The 
mixture was mixed with 0.5 ml. of 1 N HCl and then made alkaline 
with 0.1 ml. of 5 N Na2CO3 solution. This mixture was extracted 
with 3 ml. of ethyl acetate, and the residue obtained after evapora- 
tion of the ethyl acetate layer was dissolved in a small amount of 
ethyl acetate and chrornatographed (TLC), using a mixed solvent of 
butanol-dioxane-methylene chloride-28 ammonia (8 :2: 1 : 2). 
The spot corresponding to tauraminothiazole was scraped off the 
TLC plate and extracted with a small amount of ethyl acetate. 
The solvent was removed and thc residue was submitted to a mixed 
micromelting-point determination with thc authentic sample. 


RESULTS AND DISCUSSION 


TLC of the extract from stability samples of nicotinoyltauramino- 
thiazole hydrochloride (10 weeks at 70 f 1 ") produced four spots 
when a mixed solvent of butanol-dioxane-chloroform-28 am- 
monia (8:2:1:1) was used. The Rf  values of the four spots cor- 
responding to 2-aminothiazole, tauraminothiazole, unchanged 
nicotinoyltaurarninothiazole. and an unknown decomposition 
product were 0.78, 0.23, 0, and 0.41, respectively. These spots were 
detected as a blue color by use of modified Fohn reagent (13). 
The assay results (Fig. 1) of the unchanged nicotinoyltauramino- 
thiazole indicate that degradation of nicotinoyltauraminothiazole 
hydrochloride obeyed first-order kinetics. Constants (16) concern- 
ing the stability of nicotinoyltauraminothiazole hydrochloride 
were as follows: decomposition rate constant ( k ,  in reciprocal 
days) at 50", 0.00154; k ,  at 60', 0.00473; k ,  at 70", 0.01337; heat of 
activation, 23.6 kcal./mole/"; and log frequency factor, 13.7. 
The Arrhenius plot of the rate constants was linear (Fig. 2). The 
predicted concentration after 2 years at 25" is 83.3%. Therefore, 
it is assumed that nicotinoyltauraminothiazole is fairly stable in 
aqueous solution at room temperature. 


The LDeo's of 2-aminothiazole. tauraminothiazole hydrochloride, 
nicotinoyltauraminothiazole. and its hydrochloride by intraperi- 
toneal administration to mice were 940 (866-1020), 780 (719-846), 
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HOURS AFTER ADMINISTRATION 


Figure &-Mean plusmu level of  nicotinoyltrcuraminorhiazole after 
oral adminisfrution to three mule rabbits (average weight 3.0 kg.) 
ul  different doses. Key: A ,  200 mg./kg.; B, I50 mg./kg.; and C, 100 
mg.lkg. 


1280 (1 142-1534), and 940 (797-1 109) mg./kg., respectively (with 
95 confidence limits). No significant difference was observed 
in the LDSU’s between male and female mice. Although the animals 
receiving intraperitoneal doses below 800 mg./kg. of nicotinoyl- 
tauraminothiazole exhibited no behavioral abnormality, the intra- 
peritoneal dose of 4000 mg./kg. produced a transient ataxic walk 
with extended hind limbs. After a longer period, the animal showed 
lacrimation, piloerection, and convulsions; all of the animals died 
from respiratory failure at the 4000-mg./kg. dose. 


The purpose of squirming and permeability tests was to obtain 
information concerning the concurrent changes in the peritoneal 
capillary permeability during squirming through the method of 
Whittle (1 7). The EDso of nicotinoyltauraminothiazole fcr inhibi- 
tion of squirming was 200 (165-242) mg./kg., and this chemical 
did not change the permeability response compared with that of 
the control group. 


With respect to the tail withdrawal reflex in mice (lo), computa- 
tion of the EDao and its confidence limits was made by probit 
analysis. This was done by dichotomizing the reactions after 30 
min. into two groups: “refractory,” i.e., pain reaction time of 
2.0 sec. or more, and “nonrefractory” for aminopyrine and nico- 
tinoyltauraminothiazole. The EDcu’s and 95 confidence limits 
were 48 (35-66) mg./kg. for aminopyrine and 225 (186-272) mg./ 
kg. for nicotinoyltauraminothiazole. The analgesic activity of 
nicotinoyltauraminothiazole seems to be less than that of amino- 
pyrine, according to the EDso’s of the tail withdrawal reflex in mice. 


The ED.,;s (with 95% confidence limits) of nicotinoyltauramino- 
thiazole on edema induced by carrageenin and serotonin were 185 
(1 12-305) and 43.5 (27.2-69.6) mg./kg., respectively. The ED,, 
of sodium salicylate for edema induced by serotonin was 370 (203- 
666) mg./kg., and this drug had no effect on carrageenin-induced 
edema at doses lower than 500 mg./kg. These results show that 
nicotinoyltauraminothiazole has fairly potent anti-inflammatory 
activity which compares with that of sodium salicylate. 


., 
HOURS AFTER ADMINISTRATION 


Figure 6-Mean plusmu level of nicotiiroyltauruminothiazole after 
oral administrutio~~ to male mice (dd strain, average weight 17 g.) 
ut differerrt doses. Each group consisted of 10 mice. Key :  A ,  200 mg./ 
kg.: B, I50 mg./kg.; arid C, 100 mg./kg. 


Antihistaminic and antianaphylactic shock activities of nicotinoyl- 
tauraminothiazole were evaluated by the method of Labelle and 
Tislow (12). No difference in antihistaminic activity was observed 
between 200- and 300-mg./kg. doses of nicotinoyltauraminothiazole 
when the compound was administered subcutaneously 0.5 hr. 
before histamine injection. Forty percent of 10 guinea pigs survived 
in each group. When the compound was given subcutaneously 
1 hr. before histamine injection, only 20% of 10 guinea pigs sur- 
vived. Therefore, the antihistaminic activity seems to be greater when 
the chemical is given 30 min. rather than 1 hr. before histamine 
injection. Antihistaminic activity of the chemical was not inves- 
tigated in detail because of its low activity. 


Three out of 10 guinea pigs, who received 200 mg./kg. of nico- 
tinoyltauraminothiazole, survived the first 10 min. following the 
horse serum injection. When 100 or 300 mg./kg. of nicotinoyl- 
tauraminothiazole was given, two out of 10 guinea pigs survived. 
These results indicate that the antianaphylactic activity of this 
compound is weak. 


Results of antipyretic activity tests are presented in Fig. 3. 
Nicotinoyltauraminothiazole, a t  doses of 100 and 150 mg./kg., 
gradually decreased the elevated body temperature of all rabbits 
used. 


Before performing quantitative determinations of nicotinoyl- 
tauraminothiazole in blood, it was ascertained by TLC that there 
are no metabolites of the chemical detectable in blood. Semi- 
logarithmic plots of blood level versus time are shown in Figs. 4-6. 
A semilogarithmic plot of mean plasma level of nicotinoyltaur- 
aminothiazole after intravenous administration of 33 mg./kg. to 
rabbits is presented in Fig. 7. For the latter experiment, the com- 
pound was dissolved in a mixed solution of 0.5 ml. of 5 N HCI and 
15.5 ml. of 0.9% normal saline solution to make a 2% solution 
of the compound (pH 2.0). 


Collection of bile from rats under continuous urethan anesthesia 
indicated that nicotinoyltauraminothiazole has no effect upon bile 


1 2 4 7 
HOURS AFTER ADMINISTRATION 


HOURS AFTER ADMINISTRATION 
Figure 5-Mean plusma level of nicotiiroyl~~i~ruminor/iiuzole ufter 
oral udniini~tration to mule rats ( Wisfar straii,, average weight 130 
g.) at differenf doses. Each group consisted offive ruts. Key: A ,  200 
mg.lkg.; B ,  150 mg./kg.; and C, 100 nig./kg. 


Figure I-Meun plusmu level of nicolinoyltnuramirior/iiuzole after 
infravenous administration to mole rabbits (uveruge weigh1 3.0 kg.) 
at 33-mg.lkg. dose 


Vol. 62, No. 1, January 1973 0 85 







Table I-TLC of Lyophilized Urine of Rabbits and Ra t  Bile" 
~~ 


Rid 
Sampleb Solventc (Substance Assumed) Sampleb Solvent (Substance Assumed) 


Rid 


2-Aminothiazole ( I )  A 0.85 Hydrolyzed C 0.18 
Tauraminothiazole (11) A 0.10 Residue B 
Nicotinoyltaura- A 0.41 Residue A C 0.54 (111) 


Residue A A 0.47 0.24 (11) 
rninothiazole (111) 0.43 (Metabolite. 1) 


0.41 (111) 0.18 
0.36 (Metabolite 1) Residue B C 0.18 
0 17 Rat bile A C 0.54 (111) 


Residue B 


Mixture A' 


2-Aminothiazole 
Tauramino- 


thiazole 
Nicotinoyltaura- 


0: i0 (11) 
0.47 
0.17 
0.47 
0.41 (111) 
0.36 (Metabolite 1) 
0.17 


0.81 
0.29 


0.53 


0.10 (11) 


minothiazole 
Residue A B 0.53 (111) 


0.43 (Metabolite 1) 
0.29 (11) 
0.23 


Residue B B 0.23 
Tauramino- C 0.24 
Residue B 
Tauramino- 


0.43 (Metabolite 1) 
0.29 (11) 
0.23 


B 0.23 
C 0.24 


thiazole 
Nicotinoyltaura- C 0.54 


minothiazole 


Residue A 0.24 (11) 
Hydrolyzed C 0.54 (111) 


. ,  --. _ . ~ ~  ~~ 


Rat bile B C Nil 
Nicotinoyltaura- D 0 .81  


minothiazole 
Tauramino- D 0.43 


thiazole 
Hydrolyzed D 0.87 (111) 


Residue A 0.55 
0.43 (11) 
0.35 
0.15 


Hydrolyzed D 0.55 
Residue B 0.35 


Residue A 


Residue B 


Rat bile A 
Rat bile B 


n . 1 5  
D 0:  ii (1111 


0.80 (Metabolite 1) 
0.55  
0.43 (11) 
0 .35  
0.15 


D 0.55 
0 .35  
0.15 


D 0.87 (111) 
D Nil 


0.18 


a The adsorbent was ,diatomite (Kieselgel G), 0.25 mm. in thickness. The color developer was modified Folin reagent, and the deve!oped dis- 
tance was 15 cm. h Residues A and B were described in the Experimental section. Hydrolyzed Residues A and B were composed of mixtures of 
50 mg. of Residue A or B and 0.5 ml. of 1 N NaOH solution heated for 100 min. on a boiling water bath. The reaction mixture was neutralized 
with 1 N HCI and madc slightly alkaline with sodium carbonate. This mixture was used for TLC. Mixtures A' and,B' were described in 
the Experinrerrtal section. Rat bile A was bile collected for 7.5 hr. following oral administration of 200 mg./kg. of nicotinoyltauraminothiazole 
to rats. Three milliliters of bile was extracted with 7 ml. of ethyl acetate, the solvent was removed, and the residue was dissolved in 50 rl. of 
ethyl acetate. Ten microliters of the ethyl acetate solution was spotted on a TLC plate. Rat bile B was bile collected from rats receiving no 
compound and was treated by the same procedure as in the case of rat bile A. c Solvent systems were: A, butanol-dioxane-methylcne chloride- 
28 % ammonia (8 :2: 1 : 1); B, butanol-dioxane-methylene chloride-28 ammonia (8 :2: I :3); C,  butanol-dioxane-methylene chloride-28 '% 
ammonia (8 :2:  1 :2); and D, ethanol-chloroform-28 Z ammonia (4: 1 : 1). d Color of all spots was blue or light blue. 


flow and total bile volume excreted in 7.5 hr., as compared with 
untreated control rats. The residue from ethyl acetate extraction 
of rat bile contained no metaholites when nicotinoyltauramino- 
thiazole was administered orally. This fact was supported by the 
TLC data shown in Table I (Solvents C and D). The concentration 
of nicotinoyltaurdminothiazok in rat bile, excreted for 7.5 hr. 
following oral administration of a 200-mg./kg. dose, was 375 f 48 
mcg./kg. (mean value of five rats and standard error). 


Tissue levels of nicotinoyltauraminothiazole in rat organs 1 hr. 
after oral administration to five rats were 5.6 f 0.9 in the brain, 
23.1 f 2.3 in the heart, 30.3 + 5.5 in the lungs, 20.4 31 3.3 in the 
liver, 36.3 f 3.2 in the spleen, and 44.3 f 7.2 mcg./g. in the kidneys 
(mean values f standard errors). Nicotinoyltauraminothiazole 
concentrations in all rat organs were below the assay sensitivity 
24 hr. following administration. 


Metabolites of nicotinoyltauraminothiazole were examined in 
the lyophilized residue of rabbit urine after oral administration 
of 200 mg./kg. of the chemical to three rabbits. When the lyophil- 
ized residue was submitted to TLC, three spots [unchanged nico- 
tinoyltauraminothiazole, tauraminothiazole, and an  unknown 
metabolite (Metabolite I ) ]  were detected. Two of the three metab- 
olites, nicotinoyltauraminothiazole and tauraminothiazole, were 
identitied by mixed micromelting-point determination with the re- 
spective authentic samples. The chemical structure of Metabolite 1 
has not bcen established, but tauraminothiazole was obtained when 
Metabolite 1 was treated with 1 N NaOH on a boiling water bath. 
On the other hand, it was known by TLC that tauraminothiazole 
cannot be likrated from Metabolite 1 after incubation with 5 N HC1 
at 37 =k 1 "  for 1 hr. The structure of Metabolite 1 will be 
investigated. 


The results of quantitativc determination of the metabolites 
in rabbit urine suggested that 8.7z of the compound administered 


orally is excreted as nicotinoyltauraminothiazole, 64.1 is excreted 
as tauraminothiazole, and 17.1 % is excreted as Metabolite 1. 
Total recovery was 89.9% of the dose, indicating excellent absorp- 
tion of nicotinoyltauraminothiazole in rabbits. It was also as- 
certained by TLC that all of the detectable metabolites were ex- 
creted within 48 hr. The ring system of sulfathiazole is known to be 
stable itz uivo, but 2-aminothiazole, an antithyroid agent, was re- 
ported to be rapidly destroyed in the body (18). In the case of nico- 
tinoyltauraminothiazole, the ring system seems to be fairly stable 
in ciuo. 


SUMMARY 


1. Nicotinoyltauraminothiazole in aqueous solution is fairly 
stable at  room temperature. 


2. Analgesic, antihistaminic, antianaphylactic, and antipyretic 
activities of nicotinoyltauraminothiazole seem to be relatively low. 
However, the activity of this compound is about'eight times higher 
than that of sodium salicylate on edema induced by serotonin. 


3. About 90% of the dose was excreted in urine as drug plus 
metabolites after oral administration of nicotinoyltauraminothiazole 
to rabbits. 


4. Nicotinoyltauraminothiazole may be an interesting compound 
for clinical trials because of its low toxicity, good absorbability, 
and potent anti-inflammatory activity. 
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Evaluation of Interactions between Polymers and 
Low Molecular Weight Compounds by GLC I: 
Methodology and Interaction Evaluation 


JACOB L. VARSANO*A and SEYMOUR G. GILBERTt 


Abstract 0 Sorption-desorption thermodynamics were evaluated 
for two polymers and 13 low molecular weight compounds. The 
polymers, polyethylene and polyvinyl chloride, are of major use in 
packaging. The sorbents were bacteriostatic agents of pharmaceu- 
tical utility and organic solvents employed in package fabrication. 
GLC procedures were used where the polymers constituted the 
stationary phases and the sorbents constituted the mobile phases 
of the columns. Auxiliary methods were adapted for obtaining the 
data necessary for the thcrmodynamic computations. The measure- 
ment of interaction affinities was based on Raoult’s law activity 
coefficients. The GLC methodology was fast and convenient to 
perform and could be a valuable tool for applied and theoretical 
investigations in this area. 


Keyphrases 0 Polymer-low molecular weight compound interac- 
tions--sorption-desorption thermodynamic methodology, GLC 0 
Sorption-desorption thcrmodynamic methodology-polyethylene 
and polyvinyl chloride, 13 low molecular weight compounds, GLC 
0 Package-content interactions-polymers and low molecular 
weight compounds, GLC method for evaluating sorption-desorp- 
tion thermodynamics 0 Plastics-interactions of packaging mate- 
rials with low molecular weight compounds evaluated by GLC, 
sorption-desorption thermodynamics 0 GLC-valuation of 
polymer-low molecular weight compound interactions, sorption- 
desorption thermodynamic methodology 


The use of polymers in packaging may result in 
sorption of ingredients from the contents or desorption 
of compounds used in package fabrication. These 
processes may render a product unsuited for use. The 
phenomena result from interactions between the poly- 


mer and the low molecular weight compound and 
diffusion. The thermodynamics of the interaction 
determine the equilibrium amount of sorbent in the 
polymer, and diffusion affects the rate for attaining the 
equilibrium. The available information on such interac- 
tions is insufficient for optimum use of polymers in 
packaging; thus the objectives of this work were to  
evaluate the interaction thermodynamics and to use the 
quantities obtained for relative grading of affinities and 
toward a better understanding of the systems. Since 
conventional methods for these objectives are cumber- 
some and time consuming, GLC procedures were 
adapted by using the polymers as the stationary phases 
and the low molecular weight compounds as the mobile 
phases of the columns. 


CLC BACKGROUND 


The retention of a compound in a GLC column is a function of 
its saturation vapor pressure at the column temperature and the 
energy of interaction with the stationary phase. The specific reten- 
tion volume, V,O, is characteristic for a given mobile-stationary 
phase system and is derived from experimental quantities through 
(1): 


where t,: is the retention time for the compound, ?. is the injection 
pulse, V is the corrected inert gas flow rate, j is the compressibility 
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New Compounds: Synthesis of 
Alkyl Esters of D,L-Dopa 


CHI1 MINC LA1 and WILLIAM D. MASON' 


Abstract 0 In the search for possible prodrugs of levodopa, seven 
alkyl esters of D,L-dopa were prepared using thionyl chloride as the 
catalyst. The hydrochloride salts were quite stable to hydrolysis in 
acidic aqueous solutions. 


Keyphrases 0 D,L-Dopa--synthesis of alkyl esters 0 Levodopa- 
synthesis of alkyl esters of D.L-dopa as a possible prodrug 


Extensive clinical trials undertaken during the last 
decade have shown that levodopa (~-3,4-dihydroxy- 
phenylalanine) is frequently an effective drug in the 
treatment of Parkinsonism (1-5). It is generally ac- 
cepted that orally administered levodopa is absorbed 
into the blood, passes the blood-brain barrier, and is 
converted to dopamine in the brain. The resulting in- 
crease in brain dopamine and related catecholamines is 
believed responsible for the effectiveness of the drug 
in treating Parkinsonism. Although levodopa is now 
considered the drug of choice, there are still problems 
associated with its use. A significant number of pa- 
tients do not respond to treatment, while many who do 
respond require very large doses and often suffer un- 
desired side effects. A recent report indicated (6) the 
therapeutic response to levodopa depends on the 


Table I-Alkyl Ester Hydrochlorides of D,L-Dopa 


efficiency of absorption and the attainment of adequate 
blood levels. 


Other workers have also studied the biopharmaceutic 
and pharmacokinetic aspects of this drug. Peaston 
and Bianchine (7) measured the total radioactivity in 
the blood of 22 patients after oral doses of 14C-labeled 
levodopa and found the 14C to be rapidly and almost 
completely absorbed. Subsequently, three other labo- 
ratories reported studies in which levodopa in the blood 
was measured following oral administration of the 
drug (8-10). These studies showed that only about 20- 
3 0 z  of the orally administered dose reached the general 
circulation as the intact drug and suggested that the 
remainder is biotransformed in the GI tract and/or 
the liver during its "first passage" to the general circula- 
tion. These results are not surprising when the number 
of degradative reactions to which levodopa is subject is 
considered (1 1-14). One possible method for improving 
the absorption of levodopa and/or making it less labile 
could be the administration of a prodrug which can be 
transformed to the active drug following absorption. 
In this laboratory the use of alkyl esters as possible 
prodrugs for levodopa is currently under investigation. 
The preparation of seven esters of the less expensive 
D,L-dopa is reported in this article. 


A p e c t r a l  Data - 
Half 


7- Analysip, %- -1Rb- Max.. width, 
-uvc- Band- 


Ester Melting Point Yield, Calc. Found Max. cm.-* nm. c nm. 


Methyl 1 79-1 80 O 73.96 


n-Propyl 179" 88.20 


Isopropyl 198-199" 63.41 


n-Butyl 180-181" 81.66 


Isobutyl 217-218" 94.76 


n-Pentyl 185-186" 91.74 


Isoamyl 197-1 98 82.92 


~~~ 


C 48.49 
H 5.70 
N 5.65 


C 52.27 
h 6.58 
N 5.08 


C 52.27 
H 6.58 
N 5.08 


C 53.89 
H 6.96 
N 4.83 


c 53.89 
H 6.95 
N 4.83 


c 55.35 
H 7.30 
N 4.61 


c 55.35 
H 7.30 
N 4.61 


48.10 
6.08 
5.35 


52.39 
6.68 
5.01 


51.99 
6.62 
5.05 


54.07 
7.02 
4.82 


54.01 
7.01 
4.84 


54.98 
7.56 
4.58 


55.19 
7.34 
4.63 


~~~~~ 


3370; 2940 
1724 
1205-1290 
775- 826 
3370; 2970 
1735 
12005-1 300 
780- 825 
3370; 2950 
1724 
1200-1300 
780- 830 
3370; 2950 
1730 
1m1300 
780- 825 
3350; 2950 
1730 
1200-1300 
780- 825 
3360; 2940 
1730 
1200-1300 
780- 825 
3370; 2950 
1730 
1200-1300 
780- 880 


~~~~~~~ 


280 2635 


280 2865 


280 2845 


280 2900 


280 2845 


280 2840 


280 2795 


22.0 


23.0 


23.0 


22.5 


22.5 


23.0 


23.0 


Analyses were performed by Atlantic Microlab, Inc. * I in KBr pellets. c UV absorption spectra of 2 X 10-4 M solution in 0.1 N HCL. 
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EXPERIMENTAL' 


Materials-The D,L-dopa used was 3,4dihydroxyphenylalanine*, 
which decomposed between 270 and 272" and was employed without 
further purification. All other reagents were of the highest quality 
commercially available and were used without further purification. 
I Preparatioo of the Alkyl Ester Hydrochlorides of Dopa-A 
modification of the procedure presented by Patel and Price (IS), in 
which thionyl chloride acts as the catalyst, was used to prepare 
seven alkyl esters of D,L-dopa. One hundred milliliters of the ap- 
propriate alcohol was placed in a 200-ml. three-necked flask, which 
was equipped with a reflux condenser and a tube for nitrogen 
bubbling. The alcohol was cooled to from - 5 to - 10" and sparged 
with nitrogen for 10 min. The thionyl chloride (1  5 ml.) was added 
slowly over 15 min., and the reaction mixture was stirred for an ad- 
ditional I5 min. After stirring, 4 g. of D,L-dopa was added, the 
temperature was adjusted to a", and the mixture was refluxed for 
12 hr. The hydrochloride salts of the isobutyl, pentyl, and isoamyl 
esters precipitated directly from the reaction solution. The other 
four ester hydrochlorides were precipitated by adding just enough 
petroleum ether to make the solution turbid and then placing them 
in the refrigerator for a few hours. AU of the products were collected 
by filtration and were recrystallized from an absolute alcohol-zther 
mixture. The. crystals were dried in a vacuum desiccator at room 
temperature and stored in the desiccator until used. For each ester 
hydrochloride of D,L-dopa, the melting point, IR and UV spectra, 
and microanalysis data are presented in Table I. The Arnow (16) 
test for catechol was positive for each ester. 
Paper Chromatography-A paper chromatographic method for 


the qualitative analysis of D,L-dopa in solutions containing one or 
more of the alkyl esters of dopa was developed. A solvent system 
consisting of n-butanol-water-acetic acid (16 :7 : 1) was found 
to effect a separation of the amino acid from the various esters when 
sample solutions were spotted on Whatman No. 1 paper and de- 
veloped in an ascending manner. The location of the compounds on 
the developed chromatograms was determined by exposing the 
paper to ammonia vapors and observing the brown-yellow color 
develop as they were oxidized. For duplicate runs on solutions of 
D,L-dopa with each of the seven esters, the RI value for dopa was 


'All IR spectra were obtained with a Perkin-Elmer 237 B grating 
spectro hotometer. The UV spectra and anal ses were obtained with 
Perkin-Elmer 202 and Beckman DU spectro iotometers. respectively. 
The melting points were determined on a ? homas-Hoover capillary 
melting-point a ]jaratus: 


*White Labey, Nutntronal Biochemical Corp. 


between 0.17 and 0.19, while the esters ranged between 0.30 for the 
methyl ester and 0.85 for the n-butyl ester. The possible hydrolysis 
a t  37" of 1 mM solutions of each of the seven esters bufferedl at 
pH 1, 3, and 5 was evaluated using the paper chromatographic 
method. No hydrolysis was detected for up to 12 hr. 
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Quantitative Determination of Pentazocine in 
Plasma and of Pentazocine and Metabolites in Urine 


K. A. PITTMAN' and C. DAVISON 


Abstract 0 GLC methods for the determination of plasma pent- 
azocine and for the determination of urinary pentazocine and its 
known metabolites are described. The determination of plasma 
pentazocine involves the extraction of pentazocine and a suitable 
internal standard, the derivatization of these compounds with 
heptafluorobutyric acid anhydride, and the chromatography of the 
derivatives using tritium-foil, electroncapture detection. The 
determination of urinary pentamcine and two of its metabolites 
involves the extraction of these compounds and an internal stand- 
ard, derivatization with a silylating reagent, and the chroma- 
tography of the derivatives using flame-ionization detection. The 
determination of a third urinary metabolite involves adsorption 
chromatography followed by the same derivatization and chroma- 
tographic analysis. The sensitivity and reliability of the techniques 
are discussed and compared to other methods in the literature. 


Keyphrasea 0 Pentazocine in plasma, pentazocine and metabolites 
in urine-GLC analysis 0 GLC-analysis, pentazocine in plasma, 
pentazocine and metabolites in urine 


Pentazocine is a strong analgesic and weak narcotic 
antagonist possessing little dependence potential (1). 
Both parenteral and oral formulations are available and 
have found widespread clinical use. Although clinical 
studies of the efficacy of the compound and comparisons 
of it with other analgesics abound, only limited attempts 
have been made to study the behavior of the drug in 
man. Blood levels and the urinary excretion of free 
pentazocine in man after various routes of administra- 
tion have been reported (2-5), as have some studies of 
its total human excretion and metabolism (6, 7) and 
of its metabolism in animals (8-13). With low and 
moderate doses of pentazocine, plasma levels in man 
rarely exceeded 0.2 mcg./ml. and were usually less than 
0.1 mcg./ml. 


Pentazocine is extensively metabolized in animals 
and in man. The dimethylallyl side chain is oxidized to 
two isomeric alcohols and the phenolic hydroxyl is 
conjugated. Both alcohols may be conjugated and one, 
the trans-isomer, is known to be further oxidized by man 
to a carboxylic acid. This acid is probably conjugated 
at the phenolic hydroxyl but to a lesser extent than are 
the other compounds. The urinary excretion of free 
pentazocine varies from less than 5 to more than 20% 
of the dose, depending upon the subject and the route 
of administration. The remainder of the 60-65 of the 
dose excreted in 24 hr. can be found in the form of the 
other known metabolites. 


To compare various doses and routes of administra- 
tion and to develoD a Dharmacokinetic model for the 


number of plasma and urine samples from human 
subjects receiving pentazocine. Those data will be re- 
ported subsequently. 


EXPERIMENTAL 


Reagents-Technical grade ethylene dichloride was purified by 
fractional distillation in an all-glass apparatus. Nanograde benzene' 
and spectroquality hexanel were used without further treatment. 
Heptafluorobutyric acid anhydride' was distilled, 0.2-ml. amounts 
were sealed under nitrogen individually in small ampuls, and the 
ampuls were stored at  -20'. N,U-Bis(trimethylsilyl)acetami&*. 
N,U-bis(trimethylsilyl)trifluoroacetamide~, 8-glucuronidase'. and 
the packings for GLCO were used as purchased. Amberlite XAD-2 
resin' was cleaned by repeatedly and serially suspending it in water, 
methanol, acetone, methanol, and, finally, water. All other chemicals 
used were reagent grade. 


Pentazocine [ 1,2,3,4,5,6-hexahydrocis~,l l-dimethyl-3-(3-methyl- 
2-butenyl>2,6-methano-3-benzazocin-8-o1], its "trans-alcohol" [ 1,2,- 
3,4,5,6-hexahydro-8-hydroxy-4,6(eq),l l(ax)- trimethy1-2,6-methano- 
3-benzazocin-3-rra~s-2buten-1-01] and its "frawacid" [1,2,3,4,5,6- 
hexahydro-8-hydroxy-a,6(eq), 1 l(ax)-trimethyl-2,6-methano-3-benz- 
azocin-3-crotonic acid] metabolites, and the internal standard (1,- 
2,3,4,5,6hexahydr~cis-6,11 -dimethyl-3-cyclopentyl-2,6- niethano-3- 
benzazocin-8-01) were prepared'. Solutions of these benzazocines 
were kept in the dark and refrigerated, and they are stnble for at 
least 3 months under such conditions. Biological samples were 
stored in the frozen state (-Zoo), and they are stable for over 1 
year. 


Treatment of Plasma SPmplegTo analyze plasma for uncon- 
jugated pentamcine, the following procedure was used. From 0.5- 
to 2-ml. plasma samples were placed in 150 X 16-mm. test tubes, 
and exactly 0.50 ml. of a 4 X 1 0 - 8  solution of the internal stand- 
ard in 0.001 N HCI, 0.2 ml. of a buffer consisting of a solution 
saturated with both sodium bicarbonate and sodium carbonate, 
and 5 ml. of nanograde benzene were added to each tube. The 
contents of the tubes were stirred in a vortex mixer and centrifuged, 
and the benzene layers were transferred to 175 X 20-nun. tubes. 
The aqueous phases were extracted with a second 5 ml. of benzene 
as before. The combined benzene phases were extracted as before 
with 2 ml. of 0.1 N HCI. The organic phases were removed and 
discarded and, after the addition of 0.2 ml. of the carbonate buffer, 
the aqueous phases were extracted as before with 5 nil. of benzene. 
The benzene extracts were transferred to  150 X 16-mm. tubes, and 
the aqueous phases were extracted again with 3 ml. of benzene. 


The combined benzene extracts were centrifuged to remove the 
last traces of the aqueous phases, decanted into 100 X 16-mm. 
tubes, and dried in a heating block at 65" under a gentle stream of 
filtered air. The residues were taken up in 0.4 ml. of a 1.25% soh- 
tion of heptafluorobutyric acid anhydride in ethyl acetate, and 
clean carborundum chips were added to each tube. The solutions 
were taken to dryness a t  65" in a vacuum oven, the residues were 
taken up in approximately 0.25 ml. of ethyl acetate, and these 
solutions were dried in the vacuum oven again. At least 15 min. 
was allowed for each drying step. The residues were taken up in 
0.1 ml. of ethyl acetate for chromatography; once dissolved, they 


. .  
absorption, distribution, and excretion of pentazocine, 
adequate methods for the measurement of urinary 
metabolites, as well as of parent compound, and a 
sensitive method for the determination of plasma pent- 
azocine were needed. This paper reports the development 
of methods that we have used in the analysis Of a large 


1 Mallinckrodt Chemical Works. 
Matheson, Coleman and Bell. 


a Pierce Chemical Co. 
4 Regisil. Re is Chemical Co. 
6 Glusulase, kndo Research Laboratories. 
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had to be analyzed on the same day. However, the dry heptafluoro- 
butyryl esters could be kept in a desiccator for several days. 
Treatment of Urine Samples-To analyze urine for unconjugated 


pentazocine and unconjugated cis-alcohol and trans-alcohol metab- 
olites, the following procedure was used. Fivemilliliter urine 
samples were placed in 50-ml. extraction tubes, and exactly 0.100 
ml. of a 0.005% solution of the internal standard in 0.1 N HCI, 
20 ml. of ethylene dichloride, and 0.5 g. of an equal mixture of 
sodium bicarbonate and sodium carbonate were added to each 
tube. The tubes were closed with polyethylene stoppers and shaken, 
horizontally, for 5 min. at 360 oscillations/min. All buffer had to be 
in solution at this point. The tubes were centrifuged and the aqueous 
phases were removed and discarded. The organic phases were 
washed in the same manner with 5 ml. of water and the washes 
were discarded. The organic phases were then extracted in the 
same manner with 5 ml. of 0.1 N HCI, and the acid phases were 
transferred to clean 50-ml. extraction tubes. The organic phases 
were discarded and, after adding 0.5 g. of the buffer used above to 
the aqueous phases, they were extracted with 15 ml. of ethyl acetate. 


After centrifugation, approximately 10 ml. of the ethyl acetnte 
phases was transferred to 15-ml. conical centrifuge tubes and 
dried in a heating block at 70-75" under a gentle stream of air. 
Fifty microliters of 10 % N,O-bis(trimethylsilyl)acetamide in di- 
methylformamide was added to each tube, and the tubes were 
closed with disposable polyethylene stoppers. The desired trimethyl- 
silyl derivatives formed almost immediately and had to be analyzed 
on the same day. 


To analyze urine for total (unconjugated plus conjugated) pent- 
azocine and cis-alcohol, trans-alcohol, and trans-acid metabolites, 
the following procedure was used. Five-milliliter urine samples 
were placed in 50-ml. extraction tubes and 0.100 ml. of the 0.005 
solution of internal standard, 15 ml. of 0.1 N acetate buffer (pH 
5.5). 0.125 ml. of 8-glucuronidase, and approximately 0.05 ml. of 
chloroform were added to each tube. The tubes were stoppered and 
incubated over 3 nights at 37". Then the buffer salts were added as 
before and the tubes were stoppered and shaken by hand until all 
of the salts had dissolved. Twenty milliliters of ethylene dichloride 
was added to each tube and the tubes were mixed by inverting them 
by hand 100 times. The tubes were centrifuged, the aqueous phases 
were transferred to 100-ml. extraction tubes, the organic phases 
were washed in the same manner with 5 ml. of water, and the 
aqueous phases were combined. 


At this point, the organic phases were carried through the rest of 
the procedure used earlier to obtain derivatives of pentamcine and 
its hydroxylated metabolites for GLC. The combined aqueous 
phases were adjusted to pH 4 by adding 3.0 ml. of glacial acetic 
acid gently down the side of each tube. The tubes were then agitated 
sufficiently to expel most of the carbon dioxide formed. The solu- 
tions were then passed through 1 X IO-cm. columns of Amberlite 
XAD-2 at a flow rate of 1 ml./min. The contents of each tube were 
rinsed into the columns with 20 ml. of water, and the columns were 
washed with one more 20-ml. portion of water. The columns were 
drained after the last rinse; all of the aqueous solutions were dis- 
carded. The columns were eluted with one 10-ml. and two 20-ml. 
portions of methanol. Flow was stopped halfway through the 
second elution, and the column bed was stirred to expel gas bubbles. 
The combined methanol eluates were dried on a steam bath, and 
the residues were transferred quantitatively with two 2.5-ml. washes 
of the upper phase of an equilibrated mixture of water-methanol- 
chloroform-hexane (1 : 3: 4: 4 vlv) to 20-ml., round-bottom cen- 
trifuge tubes. These solutions were extracted twice with 10-ml. 
portions of the lower phase of the same solvent mixture, the lower 
phases being discarded each time. To each tube was added 0.250 
ml. of a 0.04% solution of the internal standard in 0.1 N HCl, and 
the contents were dried as in the other procedures. The residues were 
reacted for 15 min. at 60" with 100 pl. of N,O-bis(trimethylsilyl)tri- 
fluoroacetamide' before being chromatographed. The solutions had 
to be analyzed on the same day. 


CLC-For the analysis of the heptafluorobutyryl derivatives of 
pentazocine, a gas chromatographe equipped with a tritium-foil, 
electron-capture detector was used. Separation was performed 
isothermally on a 1.5-m. (Sft.), 2-mm. i.d. glass column packed 
with 10% OV-1 on 100-120-mesh Gas Chrom Q. Injection volumes 
were 3-5 ~ 1 .  The following conditions were used for all analyses: 


Table I-Relative Retention Times of Derivatives of P e n m i n e  
and Its Metabolitearb 


c- Derivative---- 
Heptafluoro- Trimethyl- 


Compound butyryl silyl 


Pentazocine 0.75 0.75 
cis-Alcohol metabolite! - 1.47 
tmns-Alcohol metabolite" - 1.72 
trans-Acid metabolite" - 2.23 


0 Values were determined on 1.8-m. (aft.) columns packed with 10% 
OV-1 on Gas Chrom Q. b Retention times are relative to  the appropriate 
derivative of the internal standard (1.2,3,4,5,6-hexahydro-cb-6,11- 
dimethyl-3-cyclopentyl-2,~methano-3-~n~zocin-8-o1).  thesem me tab 
olites were characterized previously (8). 


injection temperature, 250"; column oven temperature, 215"; 
detector temperature, 215"; and nitrogen carrier gas flow, 50 
ml./min. 
For the analysis of trimethylsilyl derivatives of pentazocine and 


its metabolites, a gas chromatographlo equipped with flame-ioniza- 
tion detectors was used. Separation was performed isothermally on 
1.8-m. (dft.), 2-mm. i.d. glass columns packed with 10% OV-1 on 
100-120-mesh Gas Chrom Q. The injection volume was 2 pl. The 
following conditions were used for all analyses: injector and de- 
tector temperatures, 270"; nitrogen carrier gas flow, 55 ml./min.; 
hydrogen flow, 33 ml./min.; and air flow, 300 ml./min. The column 
oven temperature was vaned between 245 and 265", depending 
upon the particular analysis performed and the particular column 
used. Columns had to be replaced monthly under conditions of 
daily use. 


Calculations-Standard curves were constructed by plotting 
the ratios of the peak heights of known amounts of authentic stand- 
ards to the peak heights of the internal standard against the 
amounts of the standards added to human plasma or human urine 
and extracted by the methods outlined earlier in this paper. Since 
no authentic cis-alcohol metabolite was available, the standard 
curve established for the trans-alcohol metabolite was used, and 
all peak heights of the cis-alcohol were reduced by multiplying 
them by the ratio of the I!, height width of the cis-alcohol to the 


height width of the trans-alcohol, on the assumption that the 
areas subtended by equal amounts of these. two isomers would be 
equal. 


RESULTS 


Choice of Internal Standard-An analog of pentazocine was 
chosen because it could be expected to: (a) form the same derivatives 
as  pentazocine and its metabolites, (b) behave very similarly to 
pentamcine and the hydroxylated metabolites in the extraction 
procedures involved, and (c) have a retention time near to that of 
the other compounds. Table I lists the relative retention times of 
pentazocine and its metabolites relative to the internal standard in 
the GLC systems used. The retention time of the internal standard 
conveniently falls just after that of pentazocine. Table I1 lists the 
absolute recovery of these various compounds from plasma and 
from urine after using the extraction procedures and indicates that 
the internal standard does behave very similarly to the compounds 
of interest. 


Determination of Plasma Pentazocine-A chromatogram of the 
heptafluorobutyryl ester of the internal standard and of pentazo- 
cine extracted from human plasma shows the compounds to be well 
separated with symmetrical peaks, although a small contaminant 
often appears as a shoulder just prior to the peak representing the 
internal standard. Sample drying is a particularly important step 
in the procedure. If the temperature is too great, the derivatives are 
lost; if too slow, substances derived from the heptafluorobutyric 
anhydride are not removed and gross contamination ofcurs. Gen- 
erally, further heating in Dacuo of the latter type of samples will 
satisfactorily clean them. 


The response of the electron-capture detector is linear with these 
bemmcine derivatives to about 150 ng. in the sample (about 
5 ng. on the colunm). The 95% confidence interval of the slope of 


e Packard series 7300. 
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10 Varian Aerograph series 2100. 







Table II-Absolute Recovery Obtained, by the Extraction 
Procedures Used. of Pentamcine, Its Hy(lroxy1ated Metabolite, 
and the Internal Standard from Plasma and Urine 


------Compound Recovered, %- 
Internal 


Extracted Fluid Pentazocine iransAlcoho1 Standard. 


Urine' 66.4 64.2 61.5 
Hydfolyzed 68.8 60.0 56.5 


Plasma6 95 - urine 
97 


0 1,2,3,4,5,6-Hexahydro-cis-6,1 l-dimethyl-3-cyclopentyl-2,6-methano- 
3-benzazocin-8-01. b Values represent the mean recovery at 10 concentra- 
tions between 0.1 and 4.0 mcg./ml. of original sample. = Values represent 
the mean recovery at five concentrations between 0.1 and 4.0 mcg./ml. 
of original sample. 


the line of the standard curve generally falls within 4 ~ 1 0 4 5 %  of 
the value of the slope. If an unknown exceeds the range of the stand- 
ard curve, it may be diluted and reinjected. A series of about 100 
control plasma samples from 11 human volunteers was analyzed, 
giving an average blank value equivalent to 2.7 f. 2.5 (SD) ng. 
pentamcine/ml. While recovery of extracted standards relative to 
direct standards approaches 100 %, extracted standards from 
plasma obtained before drug administration from subjects ip- 
volved in experiments have been employed routinely. Duplicate 
series of 13 replicate plasma samples with 25 and 100 ng. pntazo- 
cine added/ml. were analyzed on consecutive days. At 100 ng./ml., 
the recoveries were 95 and 92 ng./ml. with percent standard devio- 
tions of 13 and 11, respectively. At 25 ng./ml., recoveries were 25 
and 18 ng./ml. with percent standard deviations of 14 and 44, 
respectively. 


Determination of Urinary Pencazodne and Its Metabolites-A 
chromatogram of the trimethylsilyl derivatives of the internal 
standard and of pentazocine and its metabolites run under the 
conditions described in the Experimental section shows the com- 
pounds to be well separated and their peaks to be symmetrical. 
The following basic drugs were checked and found not to interfere 
with peaks due to the internal standard, pentazocine, or its me- 
tabolites: amphetamine, atropine, caffeine, cocaine, codeine, meperi- 
dine, methadone, methamphetamine, morphine, nalorphine, nico- 
tine, and normeperidine. Quinine interferes with the trans-alcohol 
metabolite. Acidic and neutral drugs would not appear in the final 
extract. The response of the gas chromatograph to all of the perti- 
nent compounds was linear over a wide range of concentrations, 
extending above and below the concentrations that were expected 
to be measured in urine (Fig. 1). Each point on the graph is the 
result of the measurement of a single injection. Since no crystalline 
cis-alcohol metabolite was available, an amount sufficient to obtain 
the results shown in Fig. 1 was isolated from a human urine sample 
by extraction and TLC; the approximate amount present was 
determined by reference to known amounts of the trans-alcohol 
metabolite. 


Whenever a column became unsuitable for use, the first com- 
pound to be affected was the trans-acid metabolite. Pronounced 
tailing of this compound was noted, and the linearity of response 
disappeared at lower concentrations. The primary reason for the 
deterioration of the quality of the chromatograms seemed to be the 
accumulation of salts and charred organic material in the glass- 
wool plug at  the head of the columns. The source of the contamina- 
tion probably was the prepared samples of the trans-acid metabo- 


~ ~~~~ 


0.3 1 10 30 100 
MICROGRAMS COMPOUND PER MILLILITER 


Figure 1-Response of the flame-ionization detector to various 
amounts of trimethylsilyl derivatives of pentazocine and related 
compounds. A single measurement of pentazocine (O), the internal 
standard (0). the cis-alcohol metabolite (A), the trans-ulcohol 
metabolite (A), and the trans-acid metabolite (0) was made at each 
concentration. (A Varian model 2100 gas chromatograph was used.) 


lite, which remain very impure preparations. Often, chromatograms 
could be improved or restored to acceptable appearance simply by 
changing the glass-wool plug. 


Preliminary experiments using urine from human subjects given 
pentazocine were carried out to establish satisfactory conditions 
for the complete enzymatic hydrolysis of conjugates of pentazocine 
and its metabolitb. Incubation periods less than 2 days or a 8- 
glucuronidase concentrqtion one-tenth that recommended re- 
sulted in less than maximum release of pentazocine or its metabo- 
lites from their conjugated forms. No degradation of unconjugated 
pentazocine or of its unconjugated metabolites occurs under the 
conditions used for enzymatic hydrolysis. 


Typical standard curves for extracted standards of pentamcine 
and the trans-alcohol and trans-acid metabolites show low blank 
values and good linearity. The 95% confidence intervals of the 
slopes of the lines of the standard curves for pentazocine and the 
trans-alcohol and trans-acid metabolites generally fall within f 5- 
10% of the value of the slope. More variation in the trans-acid 
metabolite curve might be expected, since the internal standard 
could not be carried tbough the entire operation with this com- 
pound. 


The values presented in Table I11 were obtained in separate 
analyses of nine sets of samples containing 10 premedicatbn samples 
of human urine each. They indicate the magnitudes and variabilities 
of the experimental blanks that would be expected to be included 
in the values obtained for pentazocine and its metabolites if a sam- 
ple of human urine were analyzed as described earlier. Much of the 
variability in & overall means, as expressed by their percent stand- 
ard deviations, is due to day-today variation in the slope-y in- 
tercept of the standard curves. As indicated by the mean percent 
standard deviation; (Table 111) calculated from the standard de- 
viations of eac4 set of samples, the variability within samples 
analyzed on a given day is less. Therefore, the reliability of a deter- 


Table III-Analysis for Apparent Pentamcine and Metabolites in Urine Taken from Human Subjects Prior to Medication 


Compound 


Microgram Equivalentsb per Milliliter T 


Urine r Hydrolyzed Urine------. 
Mean % S D  % md Mean z SD' z rnd 


~~ 


Pentazocine 0.048 I33 56 0.026 234 101 
cis-Alcohol metabolite 0.058 236 64 0.018 728 124 


156 -0.033 215 90 - 0.66 100 a4 
trans-Alcohol metabolite 0.012 
trans-Acid metabolite - 842 - 


oA total of 90 samples of human urine was analyzed, by the methods presented in the text, in nine sets of 10 samples each. b Micro ram 
equivalents = micrograms compound (mol. wt. pentamcine per mol. 'wt. compound). c The percent standard deviation (z SD) was calcufated 
by comparing each sample to the overall mean. d The average percent standard deviation (x SB) is the mean of the nine relative standard 
deviations, each calculated by comparing the samples in a set to the mean for that set. 
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Table IV-Accuracy and Precision of the Measurement of Pentamcine and Its Known Metabolites in Human Urineo 


Microgram 
Quivalents 


of 
Compound 


Treatment Added per Microgram Equivalents of Compound Recovered per Milliliterb 
of Urine Compound Added h.iillilite+ Day 1 z S D  Day 2 z SD’ Pooled SEd 


Pentazocine 1 .oo 0.91 5 1.04 6 0.03 
trans-Alcohol metabolite 1 .oo 0.92 9 0.96 7 0.02 
Pentazocine 1 .oo 0.97 4 1 .oo 3 0.01 


None 


Hydrolysis 
trans-Alcohol metabolite 1 .oo 1.12 5 0.94 5 0.03 
trans-Acid metabolite 3.00 3.31 12 2.76 10 0.13 


0 Seventeen replicate samples, prepared by adding known amounts of the compounds to premedication human urine, were analyzed on each 
of 2 consecutive days, against extracted standards, by the methods described in the text. * Microgram equivalents = micrograrnscompound (mol. wt. 
pentazocine per mol. wt. compound). c The percent standard deviations were calculated by comparing each value obtained on a given day to the mean 
value for that day. d The pooled standard error includes the error due to the “day of analysis’’ effect, which was significant in every case (p < 0.05 
top < 0.001). 


mination of urinary pentazocine and its metabolites would be in- 
creased if a sample of urine known to be free of those compounds 
would be analyzed at the same time and used as an experimental 
blank. 


An estimate of the accuracy and precision of the measurement of 
pentazocine and its metabolites in urine and in hydrolyzed urine 
was obtained by adding known amounts of the compounds to 
human urine and subjecting replicate samples to analysis either 
directly or after hydrolysis. Replicate sets were analyzed in this 
manner on 2 consecutive days (Table IV). 


DISCUSSION 


The advantages of the internal standard technique in multistep 
procedures are obvious. The fact that the internal standard used is 
so close in its physicochemical properties to that of pentazocine 
and its hydroxylated metabolites is insurance against variations in 
temperature and salt concentrations changing significantly the 
relative amounts of these compounds recovered in the final step of 
the assay. Also, this internal standard can be expected to behave 
similarly to pentazocine in derivatization procedures. However, 
any such compound with the proper retention time and polarity 
should be satisfactory. For example, Reckett el a/.  (4) used a-3- 
hydroxy-6-dimethylamino-4,4-diphenylheptane (a-methadol) as an 
internal standard in the GC assay of pentazocine in blood and 
urine. and Ahmad and Medzihradsky (15) used cyclazocine as an 
internal standard. 


It was not possible to find an internal standard for use in the 
analysis of the rrans-acid metabolite of pentazocine more suitable 
than the one used for pentazocine analysis. Since this internal 
standard cannot be added at the beginning of the procedure for the 
analysis of the rrarrs-acid metabolite, the power of the internal 
standard technique is correspondingly diminished. 


The technique used here for the determination of pentamcine in 
plasma is more sensitive and/or specific than other methods de- 
veloped to date. The fluorometric technique developed by Berko- 
witz er a/. (2) is less specific, since a metabolite of pentazocine in- 
terferes (2), and has a practical liniit of determination of about 
30-50 ng./ml. of plasma (2)11. The procedure used by Borg and 
Mikaelsson (14) and by Ahmad and Medzihradsky (15) are more 
specific but not more sensitive than the fluorometric one. The pro- 
cedure of Beckett cr d. (4). although specific, is not likely to be as 
sensitive as one involving the electron-capture detection of a highly 
quenching derivative. They reported a recovery of pentazocine of 
98 =k 5 %  from plasma containing 0.2 mcg. of druglml., hut no 
information concerning the lower limit of detection was provided. 
In addition, the Beckett er a/.  procedure requires large volumes of 
blood, up to 15 ml., for the determination of small amounts of 
pentazocine. In the present study, the use of benzene as the ex- 
tracting solvent and of a carbonate buffer system conforms to the 
general experience that benzene results in a clean extract and, at 
the pH of 10 or so obtained, a quantitative extraction. Borg and 
Mikaelsson (14) discussed the pKa’s and extraction of pentazocine. 
Benzene is not a suitable extraction solvent for the hydroxylated, 


1 1  K. A. Pittman and C. Davison, unpublished data. 
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metabolites of pentazocine, because only about 10% can be ex- 
tracted by use of the same procedure used for pentazocine, nor for 
the acid metabolite, because none is extracted. The plasma tech- 
nique, as described, is useful only for pentamcine. 


The fluorometric method, with some modification, has been ap- 
plied to the analysis of urinary pentazocine (3). With a lower limit 
of detection of about 0.2 mcg. pentamcine/ml., it should possess 
adequate sensitivity. Hydrolyzed urine has also been used for 
pentazocine and pentazocine conjugates. The direct GC method as 
used for the analysis of blood was used by Beckett cf  a/ .  (4) in the 
analysis of urinary pentazocine. An average recovery of pentazocine 
of 93 -f 3 from urine containing 1 mcg. of druglml. was reported, 
but no indication of the lower limit of detection was mentioned, 
nor was any attempt made to apply this method to other metabo- 
lites. This method also should be adequate for determining urinary 
pentazocine. The technique described herein for the analysis of 
urlne is not more sensitive for pentazocine than are the other 
techniques already available. The use of benzene as the extracting 
solvent in the other GLC procedures probably results in a cleaner 
final extract. The advantage of the procenures reported here is that 
they allow the determinationof pentazocine, its major metabolites, 
and most of their conjugates by a unified approach. Based on the 
values in Tables I11 and IV, the practical lower limit for the quan- 
titative determination of pentazocine and of the hydroxylated 
metabolites is about 0.1-0.2 mcg./ml. and that for the acid metab- 
olite is about 1-2 mcg./ml. 
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Mass Spectra of Nine Medicinal Carbamates 


R. T. COUTTS 


Abstract 0 The mass spectra of nine medicinal carbamates (mepro- 
bamate, mebutamate. carisoprodol, emylcamate, bethanechol 
chloride, styramate, hydroxyphenamate, mephenesin carbamate, 
and methocarbamol) were recorded and examined. Proposed frag- 
mentation pathways were deduced, either by deuterium labeling or 
by means of accurate mass measurements. The carbamate grouping 
was expelled at various stages during fragmentation and was lost 
in a variety of ways. 


Keyphrases 0 Carbamates-mass spectral characterization of nine 
drugs 0 Meprobamate-mass spectral characterization, fragmenta- 
tion pathways 0 Mebutamate-mass spectral characterization, 
fragmentation pathways 0 Carisoprodol-mass spectral char- 
acterization, fragmentation pathways 0 Ernylcamate-mass spec- 
tral characterization, fragmentation pathways 0 Bethanechol 
chloride-mass spectral characterization, fragmentation pathways 
0 Styramate-mass spectral characterization, fragmentation path- 
ways 0 Hydroxyphenamate-mass spectral characterization, 
fragmentation pathways IJ Mephenesin carbamate-mass spectral 
characterization. fragmentation pathways 0 Methccarbamol- 
mass spectral characterization, fragmentation pathways 0 Mass 
spectroscopy-characterization, nine medicinal carbarnates 


There are several reports in the literature on the 
mass spectral behavior of carbamates (1-5), but all of 
these studies are concerned with N-substituted and N,- 
N-disubstituted carbamates, including many of the 
carbamate pesticides. Unsubstituted carbamates are 
employed in medicine as minor tranquilizers and 
muscle relaxants and for other purposes. Their mass 
spectra have not been examined in detail. 


The study now reported is a continuation of previous 
investigations (6,7) on the characterization of medicinal 
compounds by means of their mass spectra. For this 
study, nine medicinal carbamates were available. The 
mass spectrum of each was recorded, and fragmenta- 
tion pathways were proposed either as a result of deu- 
terium labeling or accurate mass measurements. At 
the outset, each spectrum was inspected to see whether 
the chosen carbamates lost the carbamate grouping 
early in the fragmentation sequence and, if so, whether 
it was consistently lost as an identifiable molecule or 
radical such as HNCO or NH2COO'. It soon became 
clear that the carbamate grouping was expelled at 
various stages during fragmentation and that it was 
lost in a variety of ways. However, one diagnostic peak 
was observed in five of the carbamates. An ion of mass 
62 was formed from meprobamate, mebutamate, 


carisoprodol, mephenesin carbamate, and methocar- 
bamol. An accurate mass measurement in each in- 
stance revealed that this ion was NH2COOH2+. The 
elimination of NH2COOH (or simultaneous expulsion 
of NH, and CO,) at some stage during the fragmenta- 
tion sequence was also common to the same five com- 
pounds and to emylcamate. The formation of the NH,- 
COOH molecule is considered to be the result of a 
hydrogen-transfer mechanism such as that illustrated 
in the fragmentation of emylcamate. 


RESULTS' AND DISCUSSION 


In the nine carbamates investigated (I-IX), the molecular ion 
generally either was present in very low abundance or was absent 
from each spectrum. 


The spectrum of meprobamate (I) (Fig. 1) displayed six fragment 
ions at m/e 144 [lw, 114 [115J, 101 [102], 96 [m, 84 [84], and 83 
[83], which could be useful for characterization purposes. Tetra- 
deuterated meprobamate (I, NH,, groups replaced with NDd gave 
a spectrum with corresponding deuterated fragment ions. This in- 
formation, together with the appearance of appropriate metastable 
ions, permits a rationalization of fragmentation pathways as il- 
lustrated in Scheme I. (In all schemes, the mass of a deuterated ion 
is enclosed in a square bracket, and an asterisk indicates the presence 
of a supporting metastable ion.) 


The chemical structures of mebutamate (11) and carisoprodol 
(111) are closely related to that of meprobamate. As expected, some 
of the fragment ions that appear in the spectra of I1 and 111 arise in 
ways similar to those just described for meprobamate. Thus, the 
spectrum of mebutamate (Fig. 1) possesses abundant ions of m/e 
158 [160], 128 [129], 110 [110], 115 [116], 97 [97, and 69 [69], which 
arise in the same manner as the ions a and c-g, respectively, illus- 
trated in Scheme I. 


Other abundant ions in the spectrum of mebutamate were located 
at m/e 97, 72, 71, 62, and 55. A rational explanation of their forma- 
tion is given in Scheme 11. In addition, accurate mass measurements 
were made of all ions and, in this way, the elemental composition of 
each ion was confirmed as shown. The peak at m/e 71 was a doublet, 


1 Mass spectra were recorded by Dr. A. M. Ho$g. and his associates 
using an AEI MS-9 mass spectrometer at an ionizing potential of 70 
ev. Samples were introduced usin the direct probe method. The source 
temperature was between 75 a n t  155", depending on the compound 
being examined. Accurate mass measurements were carried out by the 
peak matching method. 


All of the compounds examined were gifts from pharmaceutical 
ficms. All had literature melting points and gave IR spectra consistent 
with their structures. Each deuterated compound was prepared by boil- 
ing. under reflpx for 4 hr.. a solution of the compound in dioxane con- 
taining deuterium, oxide and then repeated recrystallization. from the 
same solvent until the O - H  and N-H stretching bands in the IR 
spectra of the unlabeled carbamate were replaced by 0-D and N-D 
stretching bands at longer wavelengths. 
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BOOKS 


REVIEWS 


pbprnacdogy of the Endocrine System md Related Drugs: Pro- 
gatemme, Fmgestational Drugs and Antifertility A w Q ,  Volume 
11. Section Editor, M. TAUSK. Pergamon Press, Inc.. Maxwell 
House, Fairview Park, Elmsford, NY 10523,1972. xiv + 538 pp. 
16 x 24 cm. Price $36.00. 
This second volume of section 48 of the International Encyclo- 


pedia of Pharmacology and Therapeutics is composed of 11 chapters 
by eight eminent contributors. It has accomplished, very com- 
pletely, in a rather limited amount of space, what it was supposed to 
do-namely, provide a thorough review of the synthetic pro- 
gestational drugs that will serve the purpose of a wide variety of 
basic and applied scientists. 


The first part of the text deals with synthetic progestational 
agents in humans and animals, highlighting their pharmacology, 
metabolism. and therapeutic applications. The latter part is con- 
fined to the antifertility aspects of estrogens, progestational com- 
pounds, combinations of both, and their side dects. In addition, 
there is a concluding summary chapter that not only covers ma- 
terial in both volumes, but also includes some recent information 
that has come about during the 5 years this volume was in prepa- 
ration. 


Outstanding features of this book include separate subject and 
author indexes, as well as complete reference sources far this area of 
pharmacology. The buyer should be cautioned that, in order to 
really have at hand all the necessary facts for the subject under 
discussion, the initial volume must also be purchased. Most of the 
material presented is done so in as readable a manner as can be 
accomplished in this kind of undertaking and, for the m a t  part, the 
clarity is better than most other reviews. 


This book will undoubtedly be added to all medical libraries 
throughout the world, and it should find use among not only 
pharmacologists and endocrinologists, but also obstetricians, 
gynecologists, and steroidal research groups interested in the 
actions, mechanisms. and uses of the myriad of compounds de- 
scribed. 


Reviewed by Ronald F. Gautieri 
Temple University 
Philadelphia, PA 19140 I 


Phpnnaeeutical AppUeitions of Ihin-Layer and Papex C h r ~ t o g -  
raphy. Edited by KmeL MACEK. American Elsevier, 52 Vander- 
bilt Ave., New York, NY 10017, 1972. xvi + 742 pp. 16 X 24.5 
cm. Rice $78.50. 
Macek and twelve cocontributors approached the enormous 


literature of TLC and paper chromatography (cumulatively called 
“flat-bed” as the lines of demarcation have dimmed in recent years) 
with a single objective: to produce a volume uniquely useful to the 
pharmaceutical milieu. This objective is a reasonable one and long 
overdue. They have succeeded through diligent coverage of the 
chosen field and unyielding exclusion of related information from 
activities in agriculture, dyes, synthetic organic chemistry, and 
biochemistry. 


Rich discussions of technique and interpretation are given so 
that this volume is no mere catalog of mobilities and references. 
Their inclusion of both paper and thin-layer data and exclusion of 
data not of direct pharmaceutical interest have steered the volume 
reasonably clear of that great and obvious danger, overlap with 
existing compilations. Moreover, this freshness of effort is aided by 
the simple fact that more recent literature is included, that is to 
say reasonably thorough coverage through 1970 with some 1971 
work. 


Twenty-one chapters, individually authored, divide the mass of 
information into realistic compartments with only minor discon- 
tinuity or overlap. The heart of the volume resides in 10 chapters 
covering pharmaceutical compounds by class : synthetic organics, 
steroids, glycosides, saponins, peptide and protein hormones 
(which suffers slightly from the exclusion of another “flat-bed” 
technique, electrophoresis), alkaloids, vitamins, antibiotics, plant 
extracts, and formulation components. One strength of this volume 
lies in the inclusion of isolation and sample preparation procedures 
within the context of the individual chapters. Each chapter is well 
organized and the literature coverage is excellent throughout. 


General techniques, choices of systems, and quantitative aspects 
of each flat-bed method are reviewed in two chapters which are 
both critical and informative. There is a good chapter on radio- 
isotopic methods. Two chapters are devoted to  the interfacing of 
flat-bed methods with spectroscopic and other chromatographic 
methods-precisely the areas of greatest recent and future growth. 
Other chapters deal with qualitative analysis (with schemes), docu- 
mentation, and detection reagents. A chapter on applications in 
drug metabolism is included, but this is disappointing when viewed 
against the cumnt importance of this area in pharmaceutical re 
search. Two insignificant chapters, onlaboratory design and “tasks,” 
could have been woven into the stronger fabric of the introductory 
chapters. 
Three indexes are given, so that the reader may retrieve specific 


information by compound, author, or subject; all are thorough 
and readily readable. Literature references for each chapter are 
given by author rather than number, and these are adequately 
distinguished within the text. The work appears essentially free of 
typographical errors. 


Consistent with a work intended for utility, it is written and 
edited in a clear, concise fashion. Tabulations of mobilities, systems, 
and Visualizations are extremely clear and easily followed, The 
figures and diagrams are well executed. The paper, printing, and 
binding are first rate which, when amplified by the limited produc- 
tion inherent in this area, result in a remarkably costly volume. 
Few individuals could add it to  their personal shelves. This premium 
price may indeed detract from the stated objective of a uniquely 
useful volume by placing it out of the reach of many potential 
users. It is, however, strongly recommended as a library or in- 
stitutional acquisition and should be available to groups of working 
pharmaceutical analysts where it will be a major reference for years 
to come. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Association 


Foundation 
Washington, DC 20037 I 
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by the plunger. Thk results in an increasing rate of force application 
when Tester B is used. The air-operated testers, on the other hand, 
give a decreasing rate of load application as load is increased. This 
occurs because of the buildup of pressure within the tester air 
cylinder to the point where it begins to approach the pressure level 
supplied to the tester. Sometimes hard tablets cannot be broken by 
using the air-operated testers, because of the limitation of force a p  
plied by these testers. Because of the change in the rate of load 
application of the air-operated testers a t  higher load levels, the 
constant-speed mechanical tester would be preferred. Figure 6 also 
points out the fact that variable rates are obtained for different air- 
operated testers and that this rate is not easily adjusted or con- 
trolled. 


SUMMARY A N D  CONCLUSIONS 
A suitable method of calibrating the force response of air-operated 


hardness testers was developed. The results obtained from various 
type C testers were variable and could be traced to inconsistencies 
between instruments such as variable rate of load application and 
variable friction in the piston. The Tester A instrument load scale 
(kilograms) gave values about 10% higher than were obtained in 
Tester B. 
There are distinct advantages for using a mechanical tester such as 


Tester A: 
1. More uniform force application may be achieved. 
2. Less maintenance work is required. 
3. There is less need for calibration checks. 
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New In Vitro Disintegration and Dissolution Test 
Method for Tablets and Capsules 


FRANK W. GOODHART', ROBERT H. McCOY, and FRED C. NINGER 


Abstract 0 An in uirro technique for testing the disintegration and 
dissolution of tablets and capsules was developed and evaluated. 
The apparatus consists of a beaker with a cylindrical well in the 
bottom into which is placed a platform containing the dosage form 
to be tested. Shallow cylindrical depressions in the platform are 
used to hold capsules snugly in a vertical position for testing while 
variously shaped depressions are used for tablets, depending on 
their size and shape. Comparisons between the official and the 
new method indicated that the official test does not differentiate 
between capsule formulations containing a hydrophobic lubricant. 
A phenylpropanolamine hydrochloride capsule formulated with 
a high level of magnesium stearate was shown to release drug more 
slowly in oitro and in oioo. The effects of capsule formulation fac- 
t o n  such as type and level of lubricant and disintegrant as well as 
the presence of a surfactant were determined. It was found that the 
use of magnesium stearate and hydrogenated vegetable oil as lubri- 


cants significantly prolonged the in oirro disintegration time of 
hard gelatin capsules. Hard gelatin capsules also disintegrated 
more rapidly in artificial gastric fluid as compared to distilled 
water, and machine-filled capsules generally disintegrated more 
slowly than hand-filled capsules. Studies on tablets containing a 
slightly water-soluble drug indicated that the method of preparing 
the granulation has an important effect on the in dtro release of the 
drug. 


Keyphrases 0 Dissolution-method and equipment for tablets 
and capsules, compared to cornpendial method IJ Tablet dissolu- 
tion-method and equipment, compared to cornpendial method 0 
Capsule dissolution-method and equipment, effect of lubricant 
and disintegrant characteristics, surfactants, compared to com- 
pendial method 0 Surfactant effect4issolution of capsules, 
method, equipment 0 Phenylpropanolamine hydrochloride cap- 
sule-dissolution characteristics, effect of formulation 


Progress in in oitro dissolution technology of solid 
dosage forms resulted in the adoption of a specific 
apparatus and methodology by N F  XI11 and USP XVIII 
for testing drug availability from tablets and capsules. 


In addition, the basket-rack assembly is still recognized 
by the official compendia as a test method for the dis- 
integration of tablets. No test method has ever been 
adopted for testing the disintegration of capsules. I n  
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Figure I-Diagmm of the tablet and capsule disintegration and dis- 
solution apparatus. 


oitro test methods for gelatin capsules received little 
attention until Wood (1) pointed out that a standard 
test for this dosage form was needed. The difference in 
behavior between capsules and tablets in a specific dis- 
solution apparatus has prevented the development of a 
standard test method suitable for both products. 


Some specific faults of hard gelatin capsule formula- 
tions were pinpointed by Samyn and Jung (2). Their 
studies showed prolonged disintegration/dissolution 
times with an increase in the level of the lubricant, 
magnesium stearate. In these formulations, liquid pene- 
tration was increasingly retarded with increased levels 
of magnesium stearate and the percent of moisture in the 
capsule plug was inversely proportional to the amount 
of this lubricant. Magnesium stearate was, in effect, 
waterproofing the capsule contents, and it was theorized 
that the in a i m  drug availability of these formulations 
must also be affected. 


Little specific information regarding drug availability 
from capsules as a function of formulation is available. 
However, Poole (3) reported that the lubricant 
system in capsules significantly affected the degree of drug 
absorption in dogs and humans. The in oioo results were 
in rank order with in oitro slow dissolution results. 


Samyn and Jung (2) pointed out that the official dis- 
integration method with disks probably disguises the 
true disintegration time of capsules. The pharmaceutical 
formulator must, therefore, develop some method for 
testing drug availability from capsules. This is partic- 
ularly necessary during early formulation when in vioo 
studies would be premature and costly. While slow dis- 
solution methods give useful data which are readily 
correlatable to in oioo performance, a disintegration 
method would also be very useful for quick screening of 
capsule formulations. 


Lin et al. (4) screened seven dissolution methods for 
release of drugs from hard gelatin capsules. They 
pointed out that the official method has several disad- 
vantages. The capsule cannot be visually observed dur- 
ing disintegration, so a slow wetting plug cannot be 
seen. Also, the 40-mesh screen used in this method 
is prone to becoming clogged with many formulations; 


' 


therefore, an 8-mesh screen was suggested by Lin et al. 
(4). Poole (3) described the difficulties of testing capsule 
formulations; these included the tendency of most 
capsules to float in the dissolution media and to become 
tacky and to stick to the stirrer or vessel. Also, the use 
of the present NF XI11 and USP XVIII methods is 
not to be recommended since the wire mesh of the 
basket is easily fouled by the gelatin or other insoluble 
or gumming components, resulting in a nonuniform 
solvent flow around the capsule. Because of the seeming 
lack of a satisfactory disintegration testing method, one 
was developed in these laboratories. It allows visual 
observation and, hence, a quick method of screening; 
it is also suitable for disintegration testing of tablets as 
well as the dissolution testing of all solid dosage forms. 


EXPERIMENTAL 


Desaiption of Apparatus-The tablet and capsule disintegration/ 
dissolution apparatus' is shown in Fig. 1. It consists of a jacketed 
8Wml. chamber with a centrally located well in the bottom measur- 
ing 6.35 cm. (2.5 in.) in diameter and 0.64 cm. (0.25 in.) deep. Vari- 
ous platforms for testing either capsules or tablets are placed into 
the well. 


The capsule platforms are made of Plexiglas and have six shallow 
wells symmetrically located on the platform for the insertion of six 
capsules. These platforms can also be made of Teflon with Plexi- 
glas inserts for holding the capsules. The capsule wells are drilled 
every 60' on a 2.54-cm. (1-in.) radius around the platform. A post, 
2.54 cm. high, is placed in the center of each platform to facilitate 
removal of the platform from the beaker well. A small hole is drilled 
vertically through the post to the bottom side of the platform to 
allow air to escape from the underside of the platform at the begin- 
ning of a study. 


The tablet platforms are similar in appearance to the capsule 
platforms, but they are made of Teflon. There are four shallow 
wells drilled on the surface of these platforms to restrain nondisin- 
tegrated tablets from changing position in the beaker. The tablet 
wells are drilled with an end-mill every 90" and are centered 2.54 
cm. (1 in.) from the platform midpoint. Capsule platforms made 
solely of Teflon were impractical because of poor adhesion between 
the slippery Teflon surface and gelatin capsule. Platforms for cap 
sules and tablets can be made having other configurations to hold 
various numbers of tablets and capsules. Well depths may be varied 
for tablets, depending on their size and shape. 


A Plexiglas lid was made for the top of the beaker to retard 
evaporation of the testing fluid. The top contains holes for a stirrer, 
thermometer, and inlet and outlet sampling ports. 


A two-bladed gIass stirrer, 5.50 cm. (2.165 in.) in diameter with 
a 45 " blade pitch, is centered and operated 2.86 cm. (1.125 in.) above 
the surface of the platform. The stirring speed is controlled and 
monitored with a constant-speed control unit'. The temperature 
of the bath was kept at 37 f 0.5" with a constant-temperature 
circulating bath. An adjustable jacks was used to remove the stirrer 
and lid from the beaker after each run. 


Materials-The following were used: starch USP; lactose USP 
hydrous, improved flow; magnesium stearate USP; microcrystalline 
cellulose NF'; tranquilizing drug powder; phenylpropanolamine 
hydrochloride NF (powder); sodium lauryl sulfate USP, washed 
and dried; stearic acid USP;  and hydrogenated vegetable OP. 


1 The a paratus was built by Mr. William Campbell with the help 
of Mr. W a r k  Lugrin, Warner-Lambert Research Institute. A forerunner 
a paratus was previously used in these laboratories; it consisted of a 
ppatform which was lowered into a beaker of dissolution fluid and had 
a centrally located well in the platform directly under the stirrer. This 
device, known as the "fixed geometry apparatus," was developed by 
Mr. Larry Kirschner. Dr. Thomas Simon, and Mr. William Campbell. 
Patents are pending. 


1 Standard Servodyne Controller, Cole-Parmer. Catalog No. 4420. 
3 "Quick-Action," Scientific Glass Apparatus, Catalo No. S-9014. 
4 A v i d  PH 101, FMC Corp.. Marcus Hook, PA 19& 
6 Groco 55-F owder. A. Gross k Co.. New York, N. Y. 
6 Sterotex €id The Capital City Products Co.. Columbus, Ohio. 
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Table I-Disintegration Times of Capsule Formulas Tested in the New Apparatus under Various Test Conditions. 


Disintegration Media: 
Stirring Speed, r.p.m.: 


Formula 


No Lubricant -1.0% Magnesium Steara- 
Artificial Artificial 


Distilled Water Gastric Fluid Distilled Water Gastric Fluid 
40 75 40 75 40 75 40 75 


25 % Microcrystalline cellulose 5 5 3 3 >30 >30 >30 >30 
25% Microcrystalline cellulose with 5 4 3 2 >30 >30 3 5 


50% Microcrystalline cellulose 5 3 3 2 >30 >30 >30 >30 
50% Microcrystalline cellulose with 4 4 4 2 >30 >30 4 4 


25% Starch 15 7 9 4 >30 >30 >30 >30 


0.2% sodium lauryl sulfate 


0.2 % sodium lauryl sulfate 


25% Starch with 0.2% sodium . 14 9 7 4 >30 >30 >30 15 
lauryl sulfate 


sulfate 


50% Starch 6 8 7 10 >30 12 15 8 
50% Starch with 0.2% sodium lauryl 6 8 9 9 24 14 12 10 


Time in minutes. 


The two-piece hard gelatin capsules7 used were: No. 0 green opaque, 
No. 1 clear, No. 1 pink, No. 1 orange opaque, No. I two-tone blue 
opaque, No. 2 pink opaque, No. 3 yellow and gray opaque, and 
No. 4 pink. 


General Procedure for Capsule Disintegration and Dissolution 
Studies-The proper size platform is selected for the capsule size, 
and the capsules are inserted into the wells, caps down, with a 
slight twisting action. After all capsules are in place, the platform 
is inverted to determine that the capsules are secured. The platform 
is slowly lowered into the apparatus containing 600 ml. of pre- 
heated test fluid and guided into the beaker well. The stirrer, pre- 
measured to the proper height, is lowered and stirring is initiated. 
The capsule disintegration test is run until the capsule has sub- 
stantially disintegrated or for a maximum of 30 min. 


General Procedure for Tablet Disintegration and Dissolution 
Studies-The appropriate platform is fixed in the beaker well, 
600 ml. of preheated test fluid is added, and the tablets are dropped 
into the bath and positioned, one in each well. 


Preliminary Dieintegration Testing in Tablet and Capsule Disin- 
tegration and Mssdution Apparatus-A formula containing 1.3% 
D&C Red No. 2 in lactose was hand filled into No. 1 clear gelatin 
capsules. Six capsules were placed in the apparatus and disin- 
tegrated in distilled water (37") at 40 r.p.m. The medium was ob- 
served for a uniform distribution of color. 


To test positional effects, a formula containing equal amounts 
of microcrystalline cellulose and lactose was encapsulated by hand 
into No. 1 red opaque capsules. The fill weight was 300 mg., and 
six capsules were disintegrated in distilled water (37") using a 
40-r.p.m. stirring speed. 


Formulation Variables-Disintegration tests on capsules having 
explicit formula variations were run in the new apparatus. The 
factors studied were: (a) level of microcrystalline cellulose, 25 and 
50%; ( b )  level of starch, 25 and 50%; (c) level of magnesium stea- 
rate, 0 and l %; and (d) level of sodium lauryl sulfate, 0 and 0.2 %. 


In each formula, the disintegrant was dry blended with lactose. 
Sodium lauryl sulfate and magnesium stearate were added through 
No. 60 bolting cloth. The powders were mixed thoroughly in a 
tumbling bottle and hand filled into No. 1 red opaque capsules. 
Duplicate samples of each formula were randomly tested in the 
new apparatus. 


Test Condition Variables-The capsules employed in the formula 
variation study were tested in the new apparatus in distilled water 
and artificial gastric fluid without pepsin at 40 and 75 r.p.m. 
These conditions, together with the formulation variables, consti- 
tuted a 2s factorial design. 


Reproducibility of Apparatus-Duplicate runs were carried out 
on some capsules, described under formulation variables, to demon- 
strate the reproducibility of the apparatus at the various test condi- 
tions. Two formulas were randomly positioned in the platform for 
simultaneous testing. 


7 All manufactured by Parke-Davis, Division of Warner-Lambert 
co. 
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Cornparision of New Method to USP Method-The hand-filled 
capsules prepared for the formula variation study were tested in the 
USP basket-rack assembly, with and without disks and using both 
distilled water and artificial gastric fluid. 


DislntegraHon Comparison of MachiwFilled Capsules wereus 
Haad-Filled Capsules-Nine formulations were filled by hand and 
on a semiautomatic capsule filling machine8. These contained 
stearic acid, hydrogenated vegetable oil, or magnesium stearate 
at three levels: 0.5, 1.0, and 2.0%. In each case, the lubricant was 
added to a lactose diluent through a No. 60 bolting cloth and 
mixed well. A No. 1 pink capsule was used, and a fill weight of 
450 mg. was used for all of these experiments. The capsules were 
disintegrated in the new apparatus and by the USP method with 
and without disks. 


In Vitro Capsule and Tablet Disintegration/Mssolution Study- 
Four capsules and two tablets, each containing 10 mg. of a slightly 
water-soluble tranquilizer drug, were tested in the new apparatus. 
Variations in the capsule formulas were: (a) lubricant, magnesium 
stearate or stearic acid; (b)  micronized versus unmicronized drug; 
and (c )  wet process (i.e., adding drug from solution) versus dry 
process. The method of preparation of the four different formulas 
was as follows: 


Capsule A-The drug was passed through a No. 30 mesh screen 
and blended well with lactose. Three and one-half percent mag- 
nesium stearate was added to the formulation through a No. 60 
bolting cloth and mixed well. The capsules (No. 1 orange opaque) 
were filled on the semiautomatic machine at 480 mg. 


Capsule B-The drug was passed through a No. 30 mesh screen 
and blended with lactose. After sufficient mixing, the formulation 
was passed through a No. 40 mesh screen. An equivalent of 1.5% 
stearic acid was added to the blend through a No. 60 bolting cloth 
and mixed well. The formulation was hand filled into No. 1 two- 
tone blue opaque, hard gelatin capsules to 420 mg. fill weight. 


Capsule C-The drug and 0.2 % sodium lauryl sulfate (based on 
final granulation weight) were dissolved in an appropriate amount 
of warm isopropanol (50') to allow for proper distribution on the 
lactose. The solution was added to the lactose and mixed well. 
The granulation was dried at 25" overnight and then passed through 
a No. 40 mesh screen. Two percent stearic acid was added through 
a No. 60 mesh bolting cloth and mixed well. The powders were 
hand filled into No. 1 two-tone blue opaque, hard gelatin capsules 
to  a 400 mg. MI. 


Capsule D-This formulation was prepared in the same way as 
Capsule B, except that micronized drug was used. 


The tranquilizer tablets were randomly sampled from two differ- 
ent batches of the same formula. The method of tablet preparation 
was as follows. 


Initially, the drug was milled in a Fitzpatrick comminuting ma- 
chine using a 0.79-mm. round hole screen, impact forward at high 
speed. A color blend was prepared by micropulverizing 20% of the 
lactose with the starch and magnesium stearate. This blend was 


8 Parke-Davis. 







Table II-Reproducibility of Capsule Disintegration Times 
in the New Apparatw 


Disintegration Time, min., 
4 Distilled Water- 
-40 r.p.m.- -75 r.p.m.- 


Formula i?b RE x b  R‘ 


7.0 2 - 25% Starch 15.0 0 
25% Starch, 0 . 2 z  sodium >30 - >30 


lauryl sulfate, 1 .O rnag- 
m u m  stearate 


50% Starch, 0.2% sodium 5 . 5  1 8 . 0  2 
lauryl sulfate 


laurvl sulfate. 1 .O% mig- 
50% Starch, 0.2% sodium 24.5 2 16.5 2 


~~ ~ 


a All capsules contain lactose, hydrous, improved flow. b x, average 
of four capsules. 0 R, range of four capsules. 


passed through a 0.99-mm. round hole screen, impact forward at 
high speed. The drug was then mixed with microcrystalline cellu- 
lose, the remainder of the lactose, and the color blend, and was 
mixed for 30 min. The final powder blend used in Tablet B was 
milled a second time through the same screen to obtain a better 
color distribution. Tablets A and B were the same weight, gauge, 
and hardness. 


The in oitro test utilized only one capsule or tablet per study. 
The dosage form was tested in the new apparatus, wing 400 ml. of 
artificial gastric fluid without enzymes at 37” and stirred at 75 
r.p.m. During the dissolution study, samples were taken peri- 
odically, filtered, diluted, and observed spectrophotometrically at 
238 nm. Placebo formulations were tested in the same way and 
used to correct the assay for interference caused by gelatin and 
excipients. The amount of drug dissolved at  various times was 
calculated from the differential spectrophotometric values. 


I n  Vttm and In Viuo Correlation of Phenylpropanolamine Hydro- 
chloride Capsulea-A fast disintegrating capsule and a poor dis- 
integmting capsule, each containing 75 mg. of phenylpropanolamine 
hydrochloride, were compared by testing disintegration, dissolution, 
and bioavailability. 
In uitro testing of the two formulations was performed in the new 


apparatus with 600 ml. of artificial gastric fluid without enzymes 
at 75 r.p.m. Six capsules were used for each test. The solution was 
sampled periodically, filtered, and assayed by the method of Chafetz 
(5 ) ;  the details are given below. 


The preparations and an aqueous solution containing 75 mg. of 
phenylpropanolamine hydrochloride were administered to two 
healthy, fasting male subjects. These three formulations were each 
given, allowing 1 week between tests. The bladder was emptied 
approximately 1 hr. prior to taking the dosage form. The solution 
and capsules were taken with 120 ml. water. Immediately after 
administration, a urine blank was collected. Urine was collected 
for the 0-0.5, 0.5-1, 1-1.5, 1.5-2, 2-4, 4-6. and 6-24-hr. intervals 
and was refrigerated until assayed. 


Aslray Procedure for Phenylpropanolamine Hydrachloride-To a 
60-ml. separator, add 2 ml. of urine, 1 ml. of saturated sodium 
carbonate solution, and 5 ml. of 5 %  sodium metaperiodate; mix 
well and let stand for 15 min. Extract the aqueous mixture with 15 
ml. of hexane for 1 min. and discard the aqueous phase. Transfer 
the hexane to a 50-ml. stoppered cenhifuge tube containing 1 g. 
of anhydrous sodium sulfate and shake. Determine the absorbance 
of the hexane phase. spectrophotometrically at 241 nm. against 
a reagent blank. 


Reagent Blank-Use 2 ml. of water to replace the 2 ml. of urine 
and proceed as above. 


Prepamtion of Stnndarc-Accurately weigh 1 g. of phenylpro- 
panolamine hydrochloride into a 50.0-ml. volumetric flask and 
bring to volume with distilled water. Pipet 1 ml. of the solution to 
another 100-ml. volumetric flask and bring to volume with distilled 
water. Use 2 ml. of this solution instead of 2 ml. of urine and pro- 
ceed as above. 


RESULTS A N D  DISCUSSION 


The new apparatus has been used successfully for disintegration 
and dissolution testing of capsules qnd tablets. The apparatus is 
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Figure 2-Relative efects of formula oarhtions tested in the tablet 
and capsule disintegration and dissolution apparatus. 


easily adapted for any size soft or hard gelatin capsule or tablet 
by changing the platform to accommodate the size and shape of 
the dosage form. The observation of either six capsules or four 
tablets statically positioned under mild agitation allows for disin- 
tegration comparisons to be made rapidly and accurately. Dissolu- 
tion tests ale run by removing fluid manually or automatically 
through the sampling ports. 


During capsule disintegration, the top of the gelatin capsule 
often opens in about 2 or 3 min. and air is released from the cap- 
sule. A fast release of air bubbles is usually indicative of an im- 
mediate wetting and, consequently, is a first indication of a good 
disintegrating formula. If the capsule contents are wetted, the 
gelatin a p p l e  itself is weakened by the test medium and the capsule 
will collapse. Occasionally. it is difficult to determine when the 
disintegration is complete. In this work, when the top half of the 
capsule had disintegrated, the test was judged to  be complete. 
Some gelatin capsule shells dissolve completely without collapse 


of the formulation because the capsule contents are not wetted. 
This capsule-shaped “plug” is often seen when testing formulas 
containing magnesium stearate. The disintegration test can be run 
for any length of time; however, in this work each study was run 
for a maximum of 30 min. Generally, any formula not disintegrat- 
ing in 15 min. is considered unsatisfactory. 


Preliminary Evaluation of Tabkt and Capsule Disintegration and 
Dissolution ApparatusSix capsules incorporating a dye showed 
a quick and uniform distribution of color in the new apparatus a t  
a stirring speed of 40 r.p.m. This uniform flow pattern indicated 
that sampling can be made from any position in the beaker above 
the stirrer. 


Capsules containing 50% microcrystalline cellulose and 50% 
lactose were used to test the reproducibility of all six capsule p s i -  
tions. All capsules disintegrated between 3 and 5 min. The wetting 
of the capsule formula was delayed for about 2 min. until the top 
of the capsule erupted. After the capsules were wetted, they col- 
lapsed within 2 min. and disintegrated to a mound within the next 
minute. All six positions of the sampling platform yielded similar 
results. The disintegration differences observed were due to indi- 
vidpal capsule variations. 


v) 
W 100 


70 


~ 


L 50’ 
DW OF 40 75 


DISSOLUTION STIRRING SPEED, 
FLU ID R.P.M. 


Figure 3- Relatiw effects of test condiriorls on capsule disintegra- 
tion in the tablet and capsule disintegratioii wid dissolution apparatus. 
Key: D W, distilled water, and GF, artijcial gastric fluid without 
enzymes. 
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TaMe IU-Comparative Disintegrations of Capsule Formulas Tested in the New Apparatus and the USP 
Basket-Rack Assemblp* 


Formula 


-Disintegration Time, min. 
No Lubricant- -1.0% Magnesium Stearat- 


-UP- -USP- 
New With Without New With Without 


Apparatus Disks Disks Apparatus Disks Disks 


25 % Microcrystalline cellulose 5 
25% Microcrystalline cellulose with 4 


50 % Microcrystalline cellulose 3 
50% Microcrystalline cellulose with 4 


25% Starch 7 
25 % Starch with 0.2 z sodium lauryl 


0.2% sodium lauryl sulfate 


0.2 % sodium lauryl sulfate 


9 
sulfate 


sulfate 


50% Starch 8 
50% Starch with 0.2% sodium lauryl 8 


2 2 
2 2 


2 3 
2 3 


4 5 
3 4 


3 7 
3 5 


>30 4 45 
>30 4 25 


> 30 4 > 35 
>30 5 15 


>30 8 >40 
>30 8 >40 


12 5 11 
14 5 10 


a Fl&d was distilled water. * New apparatus stirring speed was 75 r.p.m. 


Table IV-Comparative Disintegrations of Hand-Filled and Machine-Filled Capsules in the New Apparatus and 
USP Basket-Rack Assembly 


Lubricant 


0.5 % Stearic acid 
1.0% Stearic acid 
2.0% Stearic acid 
0.5 % Hydrogenated vegetable oilb 
1 .O % Hydrogenated vegetable oilb 
2.0 % Hydrogenated vegetable oilb 
0.5 % Magnesium stearate 
1.0 % Magnesium stearate 
2.0 z Magnesium stearate 


I Disintegration Time,  mi^^.^ 
Hand-Filld Capsules- Machine-Filled Capsules- 


-USP- USP 
Without N W  With Without New With 


Apparatus Disks Disks Apparatus Disks Disks 


4 2 3 4 2 3 
4 2 3 4 2 3 
4 2 3 4 3 4 
3 2 3 4 2 3 
3 2 3 4 2 4 
3 2 3 >30 3 16 


>30 3 18 > 30 7 16 
>30 5 >30 >30 11 19 
>30 6 >30 > 30 22 25 


Average of four determinations. b Sterotex HM. 


Duplicate runs were made on selected capsules of the formulation 
variables study shown in Table 1. The disintegration times of the 
capsules retested were observed throughout the 30-min. test period. 
The average disintegration times and the range of four observa- 
tions are shown in Table 11. The disintegration times were rounded 
off to the nearest minute. The results can vary kO.5 min. from the 
average for any observation. In Table I1 the largest range for 
any average disintegration time is 2 min. Factors such as the condi- 
tion of the gelatin capsules, the composition of the capsule formula, 
the compaction forces during filling, or the testing conditions can 
affect the reproducibility of the test. 


Formulation Variables-The effects of these factors are illustrated 
in Table I and Fig. 2. The formulation effects illustrated in Fig. 2 
indicate that the major factor affecting capsule disintegration is the 
absence or presence of magnesium stearate. All formulations with- 
out 1% magnesium stearate disintegrated within 16 rnin.. while 
only 38 % of those with the lubricant disintegrated within 30 min. 
Capsule studies by Samyn and Jung (2) in the USP apparatus with- 
out disks also showed retarded disintegration and dissolution rates 
in formulations containing magnesium stearate. This finding was 
attributed to poor wetting of the formulation due to  the hydro- 
phobic lubricant. The addition of a wetting agent, namely sodium 
lauryl sulfate, improved the disintegration of the capsules when 
tested in artificial gastric fluid without enzymes. There was an over- 
all increase from 59 to 78 % in the capsule disintegrations due to the 
presence of sodium lauryl sulfate. It is notable that this surfactant 
allowed disintegration in gastric fluid of magnesium stearate- 
containing formulas, but disintegration in water was still slow. 


The disintegrants used in this study, that is, starch and micro- 
crystalline cellulose, provide fast disintegration of formulations 
containing no lubricant. The capsules containing microcrystalline 
cellulose disintegrated, on the average, in 4 min., while those con- 
taining starch disintegrated in 8 min. 


A further effect of each disintegrant can be Seen when capsules 
containing magnesium stearate are considered. Sixty-two percent 
of all the capsules containing 25 % microcrystalline cellulose dis- 
integrated within 30 min. The same percentage disintegration was 
obtained for capsules containing 50 microcrystalline cellulose. 
An increase in the level of starch from 25 to 50% provided better 
disintegration; the percentage of disintegrations increased from 
56 to 93 %. In formulas containing 1 magnesium stearate, starch 
has been shown to be a better disintegrant than microcrystalline 
cellulose. 


Test Condition Variables-The comparison of distilled water 
Dersus artificial gastric fluid without enzymes and 40 r.p.m. oersus 
75 r.p.m. is shown in Table I and Fig. 3. Seventy-five percent of the 
capsule formulations disintegrated in artificial gastric fluid, with 
only 59 % disintegrating in distilled water. Seventy-two percent 
of the capsules disintegrated at 75 r.p.m., whereas only 63% dis- 
integrated at 40 r.p.m. There is a mound formation following the 
capsule disintegration at  40 r.p.m. that is not recommended for 
dissolution studies. However, a t  75 r.p.m. the capsule disintegra- 
tion test is satisfactory and the agitation is sufficient to disperse 
the disintegrated portion of the capsule in the bath. 


Comparison of New Method to USP Method-According to the 
data reported in Table 111, the USP method with disks yielded dis- 
integration times that were much faster and less discriminating 
than those obtained by the new method or the USP method with- 
out disks. This was especially true for formulas containing rnag- 
nesium stearate. Dissolution studies by Withey and Mainville (6) 
on chloramphenicol capsules in a modified USP apparatus were 
too rapid for proper differentiation between the various formula- 
tions. Using the USP method with disks, all capsule formulas with- 
out magnesium stearate disintegrated within 4 min., while those 
with magnesium stearate disintegrated between 4 and 8 rnin. The 
USP method without disks provides the longer disintegration times 


308 0 Journal of Pharmaceutical Sciences 







Table V-Disintegration and Dissolution of Capsules and Tablets Containing a Water-Insoluble Tranquilizer Drug" 


Formula Method of Preparation Disintegration Time, min. 50% Dissolution, min. 


Capsule A Dry blend, 2.5 magnesium stearate 
Capsule B Dry blend, 1.5 % stearic acid 
Capsule C Drug added from alcoholic solution, 


Capsule D Dry blend of micronized drug, 1.5X 
Tablet A Drug @led on? 
Tablet B Drug mdled tw~ce 


1.5 % stearic acid 


stearic acld 


>180 
3 
3 


3 


1 
20 


>I80 
103 
29 


20 


29 
12 


O Data obtained using the tablet and capsule disintegration and disol 


that differentiate between the fast and slow disintegrating formula- 
tions. However, a larger variation in disintegration times was 
obtained in testing some capsule formulas using this method. 


Hand-Filled Capsules VBrdlUI Machine-Filled Capsules-Three 
methods of disintegration testing showed major differences be- 
tween uniformly hand-filled and machine-filled capsules (Table 
IV and Fig. 4). The results were expressed as the percentage of 
formulations that disintegrated within 30 min. The new apparatus 
was the most sensitive to the difference in filling method, while the 
USP method with disks was the least sensitive. Use of the USP 
method without disks gave results more closely aligned to t k  new 
apparatus. The shift toward longer disintegration for machine- 
filled capsules cannot be explained by bulk density differences 
since all capsules were prepared at a fill weight of 450 mg. If the 
new method or the USP method without disks is used as a criterion 
for the disintegration of machine-filled capsules, it can be noted 
in Table I V  that 2% stearic acid and 1 hydrogenated vegetable 
oil are satisfactory lubricant levels. These formulations disinte- 
grate in 4 min., while those containing 2% hydrogenated vegetable 
oil or magnesium stearate all exceed 30 min. 
In Vitro Capsule and Tablet Disintegration/Diution Study- 


The disintegration and dissolution comparison of capsule and 
tablet formulations tested in the tablet and capsule disintegration 
and dissolution apparatus is shown in Table V. The presedce of 
3.5% magnesium stearate in Capsule A retarded both the disin- 
tegration and dissolution of the water-insoluble tranquilizer from 
the formulation. Magnesium stearate, being a strong hydrophobic 
lubricant, does not allow the formulation to become wetted.. After 
3 hr. of testing, only 6% of the dose was released from the non- 
disintegrated capsule plug. The 3.5% magnesium stearate used in 
Capsule A was replaced with 1.5% stearic acid in Capsule B. The 
dry-blend Capsule B disintegrates quickly (3 min.) and has a dis- 
solution half-life of 103 min. 


Worts to improve the dissolution of the tranquilizer capsules 
resulted in the formulation of Capsules C and D. In Capsule C, both 
the drug and sodium lauryl sulfate were added to the lactose dilwnt 


100 1 


u) '- W E  80 


A 
II 
USP USP 


NO W ~ D I S K  NO W/DISK 
DISK DISK 


HAND FILLED MACHINE FILLED 


Figure 4-Compurison of the disintegrution of hand-jlled and 
rnuclriiic-jlld rupsules rising curious disintegrutiori methods. A = 
new apparatus. 


ution apparatus. 


from alcoholic solution. This method of formulation alldws the 
drug to be finely distributed onto the surface of the water-soluble 
lactose particles. Capsule C had a dissolution half-life of 29 min. 
This value is 3.5 times faster than the dissolution of Capsule B. 
The improved dissolution rate is probably due t o  the presence of a 
smaller drug particle size and the improved wetting of the drug 
by the addition of 0.2% sodium lauryl sulfate. 


Because of the low solubility of the drug in water (0.14 mg./ml.). 
the drug was micronized to increase the drug surface area available 
for dissolution. The micronized powder was then dry blended 
with lactose and stearic acid as in Capsule B. The only difference 
between Capsules B and D is that Capsule D contained finer drug 
particles. Capsule D showed a dissolution half-life of 20 min., 
which was five times faster than that of Capsule B but only slightly 
faster than that of Capsule C. 


The tablet disintegrations are not in rank order with the 50% 
dissolution results. Tablet A showed an immediate disintegration 
with a dissolution half-life of 29 min. Tablet B was the same 
formula as Tablet A, but in the preparation of Tablet B the powder 
blend was milled a second time to obtain better color distribution. 
Tablet B disintegrated much slower than Tablet A but, neverthe- 
less, dissolved much faster. Tablet B had a 50% dissolution of 12 
min., which was 2.5 times faster than that of Tablet A. The im- 
proved dissolution rate in Tablet B is again attributed to the smaller 
drug particle size. The unexpectedly long disintegration time of 
Tablet B can only be explained by an improvement in the binding 
capacity of smaller and more homogeneously mixed excipients. 
The lack of a rank order correlation between the disintegration and 
dissolution data contradicts the general assumption that fast disin; 
tegration is necessary for fast dissolution. Since disintegration is 
easy to test, the formulator usually makes this the first objective 
and runs dissolution studies afterward. It is logical to assume that 
fast disintegrations can improve dissolutions by making the drug 
available for dissolution quickly, but this is not always true. Satis- 
factory dissolution rates can be obtained from dosage forms with 
slow disintegrations and, furthermore, improved disintegrations 
may or may not improve dissolution. 
In Vitro and In Vioo Correlation of phenylpropanolamine Hy- 


drachhwide Capsules-The disintegration and dissolution data 
shown in Table VI demonstrate the in oitro differences obtained 
with the new apparatus for the two capsules. Gpsule B disintegrated 
in 3 min., and 94x of the phenylpropanolamine hydrochloride was 
dissolved in 30 min. Capsule A, containing 5 %  magnesium stearate, 


Table VI-Dissolution of Phenylpropanolamine Hydrochloride 
Capsules in the New Apparatus"" 


~~ ~ 


Cumulative Percentages of Drug Release 
Time, min. Capsule A Capsule B 


~~ 


3 
5 
10 
1s 
30 
60 
90 
120 


4.6 
8.7 
21.1 
28.2 
44.9 
66.6 
80.9 
87.9 


11.3 
27.0 
67.6 
84.5 
94.0 - 


Dissolution fluid was 600 ml. of artificial gastric fluid without 
enzymes, and stirring speed was 75 r.p.m. b Disintegratlon times were: 
Capsule A, >2 hr.; and Capsule B. 3 min. 
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Table Vn-Comparison of Cumulative Percentages of Phenylpropanolamine Hydrochloride Excreted in the Urinea 


Time, hr. 
Dosage Form Subject 0.5 1 1.5 2 4 6 24 


1.6 7.7 - 17.8 38 .O 52.0 93.9 
- 20.0 38.3 49.9 93.4 
- 18.9 38.2 51 .O 93.6 


Solution 1 
8.7 Solution 2 0.5 


Solution Average 1.1 8.2 - 
Capsule A 1 0.0 1.3 
CapsuleA 2 0.0 2.6 
Capsule A Average 0.0 2.0 
Capsule B 1 0.2 6.3 
Capsule B 2 0.0 4.1 
Capsule B Average 0.1 5.2 


4.4 11.4 35.9 50.5 90.5 
5.5 12.5 30.7 46.4 89.4 
5.0 12.0 33.3 48.4 90.0 
5.2 22.4 43.3 58.7 94.8 
8.4 20.5 36.5 49.1 86.1 
1.8 21.4 39.9 53.9 90.4 


All dosages contained 75 mg. of drug. 


did not disintegrate but released 88 % of the drug in 2 hr. Capsule 
B had a dissolution half-life about 4.5 times faster than Capsule A. 
This illustrates the large difference between the capsule dissolution 
rates, even for a highly water-soluble drug. 


Bioavailability data are shown in Table VII as the cumulative 
percent of phenylpropanolamine hydrochloride excreted in the 
urine uersus time. A solution containing the same dose was used 
as a standard. The urine data showed a lag time in the excretion 
from both capsules in the Wmin. sampling. However, after the 
first interval, significant differences in the amounts of phenyl- 
propanolamine hydrochloride excreted were apparent. There was 
a delay in the urinary excretion of Capsule A through the first 6 hr. 
of the study. The largest difference in the excretion data of the two 
capsules occurred in the 1.S-2-hr. interval, where 21.4% was ex- 
creted from Capsule B and only 12.0% from Capsule A. After 24 
hr., the average cumulative percent of drug excreted from both 
Capsules A and B was similar, that is about 90% of the dose was 
excreted. 


The rank order correlation between the in uirro and in uiao data 
demonstrates how the new apparatus can be used effectively in the 
evaluation of capsule formulations. In thia situation with phenyl- 
propanolamine hydrochloride capsules, the extent of the in uirro 
dissolution dlfferences was evaluated through in uiuo testing and was 
found to be significant. 


CONCLUSION 


The tablet and capsule disintegration and dissolution apparatus 
has been shown to be a useful tool for characterizing the disintegra- 
tion and dissolution prbperties of capsule and tablet formulations. 
Although the explicit formula variation gave noticeable in uifro 
differences, biological testing is necessary to determine the extent 
of these differences. The phenylpropanolamine hydrochloride in 
uiuo studies clearly demonstrate that careless capsule formulation 
can result in retarded in uiuo drug availability, and the new ap- 
paratus can provide data that will lead the researcher to improving 
the formulation for better in uiw performance. 


Wagner (7) proposed three requirements for an apparatus that 
qualifies it for both research and quality control purposes. The 
tablet and capsule disintegration and dissolution apparatus satisfies 
these requirements in that it is inexpensive, scientifically realistic, 
versatile, and has good precision. Wagner (8) also pointed out that 
a pniversal dissolution test is desirable but largely impractical, since 
each drug must be handled on an individual basis. However, the 
new apparatus offers flexibility which enables the formulator to 
alter the test conditions for any drug in a solid dosage form. After 
the in uitro test conditions are correlated with in uiuo data, the new 
apparatus with its established testing specifications can be subse- 
quently used in quality control laboratories for testing batches of 
either tablets or capsules. 
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Evaluation of Interactions between Polymers and 
Low Molecular Weight Compounds by GLC I: 
Methodology and Interaction Evaluation 


JACOB L. VARSANO*A and SEYMOUR G. GILBERTt 


Abstract 0 Sorption-desorption thermodynamics were evaluated 
for two polymers and 13 low molecular weight compounds. The 
polymers, polyethylene and polyvinyl chloride, are of major use in 
packaging. The sorbents were bacteriostatic agents of pharmaceu- 
tical utility and organic solvents employed in package fabrication. 
GLC procedures were used where the polymers constituted the 
stationary phases and the sorbents constituted the mobile phases 
of the columns. Auxiliary methods were adapted for obtaining the 
data necessary for the thcrmodynamic computations. The measure- 
ment of interaction affinities was based on Raoult’s law activity 
coefficients. The GLC methodology was fast and convenient to 
perform and could be a valuable tool for applied and theoretical 
investigations in this area. 


Keyphrases 0 Polymer-low molecular weight compound interac- 
tions--sorption-desorption thermodynamic methodology, GLC 0 
Sorption-desorption thcrmodynamic methodology-polyethylene 
and polyvinyl chloride, 13 low molecular weight compounds, GLC 
0 Package-content interactions-polymers and low molecular 
weight compounds, GLC method for evaluating sorption-desorp- 
tion thermodynamics 0 Plastics-interactions of packaging mate- 
rials with low molecular weight compounds evaluated by GLC, 
sorption-desorption thermodynamics 0 GLC-valuation of 
polymer-low molecular weight compound interactions, sorption- 
desorption thermodynamic methodology 


The use of polymers in packaging may result in 
sorption of ingredients from the contents or desorption 
of compounds used in package fabrication. These 
processes may render a product unsuited for use. The 
phenomena result from interactions between the poly- 


mer and the low molecular weight compound and 
diffusion. The thermodynamics of the interaction 
determine the equilibrium amount of sorbent in the 
polymer, and diffusion affects the rate for attaining the 
equilibrium. The available information on such interac- 
tions is insufficient for optimum use of polymers in 
packaging; thus the objectives of this work were to  
evaluate the interaction thermodynamics and to use the 
quantities obtained for relative grading of affinities and 
toward a better understanding of the systems. Since 
conventional methods for these objectives are cumber- 
some and time consuming, GLC procedures were 
adapted by using the polymers as the stationary phases 
and the low molecular weight compounds as the mobile 
phases of the columns. 


CLC BACKGROUND 


The retention of a compound in a GLC column is a function of 
its saturation vapor pressure at the column temperature and the 
energy of interaction with the stationary phase. The specific reten- 
tion volume, V,O, is characteristic for a given mobile-stationary 
phase system and is derived from experimental quantities through 
(1): 


where t,: is the retention time for the compound, ?. is the injection 
pulse, V is the corrected inert gas flow rate, j is the compressibility 
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Table I-Solute-Solvent Systems Table 11-Column Characteristics and Applications 


Low Molecular Weight Compounds Employed as Solutes 
a. Organic Solvents" b. Bacteriostatic Agents 


ii-Butanol Chlorobutanol anhydrous USPb 
fert-Butanol Benzyl alcohol NF': 
Methyl isobutyl ketone Phenol USPd 
2-Nitropropane Methylparaben USPb 
Butyl acetate Propylparaben USPb 
Hexane 
Octane 
Toluene 


Polymers Employed as Solvents 
Pol yet hylene" 
Polyvinyl chloride' 


Matheson, Coleman and Bell, E. Ruthcrford, N. J .  b Fisher Scientific 
Co., Fair Lawn, N. J. c Eastman Chemical Products. Inc., Kingsport, 
Tenn. d J .  T. Baker Chcmical Co., Phillipsburg, N. J.  Marlex EMN 
TR-885, Phillips Petroleum Co., Bartlesville, Okla. Allied Chemical 
Co., Morristown. N. J .  


correction, Wl is the weight of the stationary phase, and T is the 
absolute temperature. The specific retention volume is unalfected by 
operational variables, such as column length and amount of station- 
ary phase, but depends exclusively on the thermodynamic variables 
of the system. Raoult's law activity coefficient. y ,  is derived from the 
specific retention volume through (2): 


where P20 is the vapor pressure of the pure compound at  the column 
temperature, M I  is the molecular weight of the Stationary phase, and 
R is the gas constant. The activity coefficient reflects only the interac- 
tion energy between the compound and the stationary phase; values 
decreasing from unity result from interactions favorable to mixing 
and those increasing from unity reflect interactions unfavorable to 
mixing. The coefficients derived from GLC are identical t o  those 
obtained from solutions where the polymers are the solvents and the 
low molecular weight compounds are the solutes. Since the co- 
efficients are concentration dependent, their values are constants at  
infinite dilution. Rigorously, Eq. 2 requires fugacities; however, such 
values are rarely available and vapor pressures have been used 
instead, resulting in the apparent activity coefficients, y p .  


Experimental Background-The solute-solvent systems used are 
presented in Table I. The solvents were polyethylene and polyvinyl 
chloride. The solutes consisted of organic solvents used in package 
fabrication and bacteriostatic agents employed in pharmaceuticals. 
The systems represent varying polarities, functional groups, and 
structures. 


For the computations from Eq. 2, the number average molecular 
weight of the polymers, M,, was used. The vapor pressures for most 
of the organic solvents were computed by means of the Antoine 
equation (3)  using empirical constants from Rqferenck 4. For several 
of the solutes, the vapor pressures were determined experimentally. 


The densities at thc experimental temperatures for the thermody- 
namic computations (5) were derived as reasonable approximations 
through ( 6 ) :  


p r  = p (  1 - (7- - Tp)10-3} (Eq. 3) 


where pT is the density at the experimental temperature T, and p is 
the literature density at temperature T,. The error incurred in the 
computed values by this approximation is negligible. The melt 
densities for polyethylene were derived from Terry and Yang (7) as 
recommended by the supplier. Melt densities for polyvinyl chloride, 
chlorobutanol, phenol, methylparaben, and propylparaben were 
determined experimentally. 


The elevated temperatures at which the experiments were con- 
ducted posed the question ofchemical stability of the solutes and the 
polymers. The group of organic solvents was considered stable from 
the general knowledge of their properties. The literature contains 
reports on GLC of benryl alcohol and phenol (8) and of methyl- 
pardben and propylparaben (9) without degradation. Chlorobutanol 
is known to  be stable at the lower temperatures used. For the higher 


Column Stationary 
Stationary Length, Phase Solutes for Which 


Phase m. Content, g. Employed 


Polyethylene 


Polyethylene 


Polyvinyl 
chloride 


Polyvinyl 
chloride 


Polyvinyl 
chloride 


3 .O 6.5825 Organic solvents, 
chlorobutanol, phe- 
nol, benzyl alcohol 


1 . 5  2.4445 Methylparaben, 
propylparaben 


5 . 0  9.9674 Organic sorbents 


2 .5  3.0226 Chlorobutanol, 
phenol, benzyl 
alcohol 


1 . 2  0.9640-0.8480 Methylparaben, 
propylparaben 


temperatures, the stability of the solutes was monitored from the 
chromatograms, since degradation products would exhibit markedly 
different retention characteristics, and also from plots of retention 
values against temperature where deviation from linearity would 
indicate changes in the compound. This self-controlling capability of 
GLC obviated the need for further identification of an eluting 
compound as the temperature was raised, once a retention value was 
associated with it at a lower temperature. Preliminary experiments 
revealed degradation only for chlorobutanol starting from 210", so 
experiments with this compound were conducted up to 200". 


The stability of the polymers was monitored by means of column 
performance experiments at  the initiation of the experiments and 
periodically thereafter, using compounds of varying polarities. The 
stability of polyethylene did not present difficulties; however, for 
polyvinyl chloride, 3 stabilizer was incorporated. Retention 
attributable to the stabilizer was not observed during preliminary 
experiments. Although the temperature regimens for the two 
polymers were different because of stability reasons, overlapping at  
least at  one temperature was always assured. The temperature 
ranges for polyethylene and polyvinyl chloride were 140-230 and 
110-210", respectively. For the polyvinyl chloride-parabens 
systems, which required high temperatures, a new column was used 
at each experimental temperature and only single runs were per- 
formed since replicates would have incurred greater error due to  
degradation of the polymer. 


The loading of the column with stationary phase has usually been 
high in work of this kind in order t o  minimize adsorption effects on 
the solid support. Since the support used in this work was a silanized 
grade, the amount of loading was determined by feasibility. Poly- 
vinyl chloride did not lend itself t o  heavy loading, so a lower level 
was used compared to  polyethylene and compensation was achieved 
by a longer column. 


The least amount of solute usable was determined by preliminary 
experiments and was found to be below any concentration effect on 
the retention. The solutes were applied as appropriate mixtures t o  
save time and column deterioration. 


Instrumentation-The dual-column gas chromatograph', equipped 
with flame-ionization detectors, was used. The temperature was 
measured with a millivolt potentiometer2 and a set of four copper- 
constantan thermocouples. 


Materials-The polyethylene was a narrow molecular weight 
distribution, high density homopolymer used for container molding. 
Its charactcristics were: density, 0.965; molecular weight, M,, = 
15,000; and antioxidant content, 0.015% 2,6-di(tert-butyI)-C 
methylphenol?. The polyvinyl chloride wks a blow molding grade 
homopolymer of M ,  = 40,000 and Mn/MW N 2. The organic sol- 
vents were chromato or spectral quality. The bacteriostatic agents 
were USP or NF grade. The stabilizer for polyvinyl chloride was 
di(u-butyl)tin P-mercaptopropionate' used at 3 :< (w/w) of polyvinyl 
chloride. The solid support for the columns was diatomaceous earth 
(acid and base washed and silanized)s, 70-80 mesh. 


1 Model 5750B, Hewlett-Packard Analytical Instruments, Pasadena, 
Calif. 


Model X6Y0, Leeds and Northrup Co., Philadelphia, Pa. 


Anakron ABS, Analabs. Inc.. North Haven, Conn. 


3 lonol,  Shell Chemical Co.  
4 Advastub, Carlislc Chemical Works, Inc., New Rrunswick, N. J. 
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Tale II-Experimentally Determined Vapor Pressures 


-Vapor Pressure, mm. Hg- Experimental 
Compound Temperature Experimental Literature Literature Reference 


Decane 


tert-Butanol 


Benzyl alcohol 


Butyl acetate 


Chlorobutanol 


Methylparaben 


Propylparaben 


119.8" 
140.9" 
150.5' 
158.4" 
60.9" 
86.9" 


141.7" 
183.0' 
110" 
120" 
125" 
130" 
140 
120" 
135" 
140" 
150" 
190" 
200 O 


210" 
220 O 


190" 
200" 
210" 
220 O 


1 5 3 . 0  
296.8 
398.7 
524.6 
309 .O 
921 .O 
101.8 


528.6 
666.0 
749.0 
841.5 


1108.0 
136.4 


295 
595 


399.5 


- 


19.8 
26.9 
36.4 
49.3 


6.21 
8.97 


12.53 
16.53 


Preparation of Chromatographic Columns and Column Character- 
istics-The weighed polymer was dissolved in a suitable solvent in a 
refluxing apparatus. For polyethylene, the solvent was toluene; for 
polyvinyl chloride, a mixture of equal parts of toluene and methyl 
isobutyl ketone was employed. The stabilizer for the latter polymer 
was also dissolved in the solvent. The weighed amount of solid 
support was stirred into the solution, and the solvent was removed 
until dryness in a rotating vacuum evaporator. When preparing the 
polyvinyl chloride column material, glass beads were added as a 
stirring aid. The coated solid support was dried a t  70q in a vacuum 
oven to constant weight, and the 50-70-mesh fraction was used for 
column packing. The stationary phase content of the packing was 
determined by extraction of a sample in a soxhlet apparatus, 
foflowed by graviwetric procedures. A correction was made for the 
amount of stabilizer in a polyvinyl chloride packing material. The 
prepared material was packed In 0.63-cm. (0.2540.) stainless steel 
tubing. The amount,of packing in the column was determined by 
weighing. The column characteristics are shown in Table 11. 


Chromatographic Procedures-The chromatographic columns 
were attached to the gas chromatograph through 6.4-cm. (2.5411.) 
extension tubes to prevent the column ends from heating above the 
experimental temperature, since the blocks were maintained a t  
250". The temperature of the column was measured by means of 
four thermocouples attached at  various positions along the length 
and was controlled within 0.5". The column was equilibrated for at  
least 10 min. before charging the solutes. The carrier gas was helium. 
Its flow rate was measured through the detector block at the experi- 
mental temperatures with a 50-ml. soap bubble flowmeter, and 
corrected values accounting for the water vapor pressure were 
employed in the computations. The inlet pressure was measured with 
a mercury manometer, and the outlet pressure was assumed to  be 
760 mm. Hg. The retention time was measured from the recorder 
chart using the front profiles of the elution peaks as recommended 
(10) for better consistency. 


The main portion of experiments were run in triplicates, and the 
mean V,O was used for further computations. Only those with 
methylparaben and propylparaben on polyvinyl chloride were 
performed individually. Every series of experiments was bracketed 
by column performance experiments to verify the column stability. 
The data were considered valid if the column performance param- 
eters were within the experimental error. 


Auxiliary Experiments-Vapor pressure and density data for 
several substances were unavailable and were determined within the 
framework of this investigation. 


Vapor Pressure Determirrarioti by Meam of CC-The method of 


Table IV-Experimentally Determined Densities (g./ml.) a t  
Varying Temperatures 


Tem- Chloro- Methyl- Propyl- Polyvinyl- 
perature butanol Phenol paraben paraben chloride 


95 
100" 
110" 1 
120" 1 


,2960 
,2720 


130" 1.2490 
135" - 
140" 1.1750 
145' - 
150" 
155" 
160" 
170" 


- 
- 
- 
- 


1.0400 - 


1.0310 
1.0170 
1.0050 1.1575 
0,9860 - 
- 1.1420 


- 1.1310 


- 1.1200 


- 
- 


- . .  - 


- - 
- - 
- - 


- - 
- - 
- - 


1.0610 1.1834 
1.0520 1 .1730 


1.0380 1.1655 


1.0250 1 . 1 5 9 0  


- 1.1490 
- 1.1425 


- - 


- - 


- - 


Frank (11) using G C  was employed. An apparatus suited for the 
compounds in this work was developed and placed in a gas chroma- 
tographe equipped with a thermal conductivity detector?. The valid- 
ity of the procedures and the performance of the apparatus were 
determined with substances of known vapor pressures. The experi- 
mental pressures are shown in Table 111 and appear t o  be within 5 
of those determined by other means. 


Density Determinations-These were performed at  several tem- 
peratures with a modified Russell (14) pycnometer immersed in an 
oil bath, since the substances are solids at  ambient conditions. The 
densities were plotted against temperature and the required values 
were read from the linear plots. The experimentally determined 
densities are shown in Table TV. 


RESULTS AND DISCUSSION 


The specific retention volumes computed from Eq. 1 depend on 
the vapor pressures of the solutes at  the respective temperatures and, 
consequently, are not a reliable measure of the sohte-solvent interac- 
tion energies. They are shown in the Appendix tables since they may 


6 Model 90 P-3, Varian-Aerograph, Walnut Creek, Calif. 
7 For particulars on the apparatus and the procedures, see the doctoral 


dissertation. 
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be of chromatographic utility. Their use in this work is in the compu- 
tation of Raoult’s law activity coefficients by means of Eq. 2. 
The coefficients depend exclusively on the interaction energies in the 
solute-solvent systems and were, therefore, used for relative grading 
of interaction affinities. The apparent activity coefficients are pre- 
sented in Fig. 1 for the organic solvents and in Fig. 2 for the bacterio- 
static agents. From the slopes of these plots, it may be seen that 
their temperature dependence varies considerably from solute to 
solute; therefore, the relative grading of the interaction affinities 
would depend on the temperature at which they are compared. To 
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Figure 2 -Apparent actioity coejicietits ut varying temperatures .for 
the bacteriostntic aKtiits. Key: I ,  polyethylene; and 11, polyvinyl 
chloride. 


2.9 3.0 3.1 3.2 


Figure 1-Apparent activity 
coefficients at varying tem- 
peratures for the organic 
solvents. Key: I ,  poly- 
ethylene; and 11, polyvinyl 
chloride. 


obtain the coefficients at ambient temperature and the temperatures 
used for accelerated stability testing, the plots were extrapolated as 
shown by the dashed lines. The theoretical premises and good linear 
fit of the data permitted this extrapolation which employed the 
regression points to reduce the error. Since the polymers contain 
crystalline regions at these temperatures, the extrapolated activity 
coefficients are pertinent only to the amorphous portion of the 
polymer (1 5).  


The extrapolated activity coefficients are presented in Table V. 
The solutes are arranged in the order of decreasing activity coeffi- 
cient values, i.e., in increasing order of interaction affinity, within 
each group. These values reveal that, for the most part, the sorption 
of the solutes by the polymers is favored even at ambient tempera- 
tures, as evidenced by the values smaller than unity. Referring to the 
organic solventsin respect to polyethylene, it may be seen that the 
highest activity coefficients were exhibited by n-butanol, Z-nitro- 
propane, and tert-butanol. The lowest values were observed for 
toluene, hexane, and octane, and this finding agrees with the general 
knowledge on miscibility and sorption for these systems. Comparing 
the values in relation to the polymers reveals a general trend for 
reversal of the interaction affinity grading. Thus, octane and hexane 
were among the least miscible with polyvinyl chloride, and 2-nitro- 
propane showed a relatively strong mixing tendency with that 
polymer. The relative ordering of normal and tert-butanol was 
reversed, and the same was observed with methyl isobutyl ketone 
and butyl acetate. 


Concerning the bacteriostatic agents, the least interaction affinity 
with both polymers was exhibited by the parabens. Propylparaben 
was more miscible with polyethylene than methylparaben and 
vice versa in respect to polyvinyl chloride. The miscibility of the 


Table V-Apparent Activity Coefficients at 25” 


On Polyethylene 


n-Butanol 3.800 
2-Nitropropane 0.813 
tert-Butanol 0.432 
Butyl acetate 0.097 
Methyl isobutyl ketone 0.040 
Toluene 0.017 
Hexane 0.009 
Octane 0 009 
Methylparaben 1.070 
Propylparaben 0 , 7 7 6  
Chlorobutanol 0 367 
Benzyl alcohol 0.089 
Phenol 0.038 


On Polyvinyl Chloride 


Octane 1 000 
tertBu tanol 0 902 
Hexane 0 393 
n-Butanol 0 237 
Methyl isobutyl ketone 0 062 
2-Nitropropane 0 042 
Butyl acetate 0 030 
Toluene 0 026 
Propylparaben 1 335 
Methylparaben 0 891 
Chlorobutanol 0 182 
Phenol 0 048 
Benzyl alcohol 0 039 


The coefficients at 30, 40, and 60” are presented in the dissertation. 
The relative grading remained the same at these temperatures. 
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others was in the following increasing order: with polyethylene- 
chlorobutanol < benzyl alcohol < phenol, and with polyvinyl 
chloride-chlorobutanol < phenol < benzyl alcohol. It may also 
be seen that at ambient conditions the miscibility of chlorobutanol 
and benzyl alcohol was less with polyethylene than with polyvinyl- 
chloride; for phenol, it was slightly less with polyvinyl chloride than 
with polyethylene. 


The experimental error incurred during the GLC procedures did 
not exceed 3%, as evidenced by the fluctuations of replicate runs 
and the linear fit in Figs. I and 2. The errors arising from gas imper- 
fections, approximations of vapor pressures, and other similar data 
are estimated to be within 5%.  


CONCLUSIONS 


This work has shown that GLC techniques may be applied suc- 
cessfully for evaluating and grading interaction affinities between 
some polymers employed in packaging and low molecular weight 
compounds contained in food and pharmaceuticals or used for pack- 
age fabrication. The methodology is applicable for low molecular 
weight compounds which are volatile and chemically stable at the 
temperatures employed for GLC. The chemical stability of the 
polymers at these temperatures is also a necessary requirement. The 
procedures were fast and relatively simple to perform. The required 
instrumentation is widely available. The proposed auxiliary tech- 
niques were accessible and adequate for generating the data needed 
for the computations, and values not previously reported were 
obtained by this means. The methodology employed may, therefore, 
be considered a useful tool for evaluating and grading sorption- 
desorption propensities for polymer-low molecular weight com- 
pound systems. 


The thermodynamics of the interactions and their elucidation are 
presented in the second part of this work (5 ) .  


APPENDIX 


Table VI-Specific Retention Volumes at Varying Temperatures 
for the Organic Solvents 


Solute 


~~~ ~ ~ 


7-- VuO, ml.-- 
Polymer 383°K. 413’K. 443°K. 


n-Butanol 
2-Nitropropane 
tert-Butanol 
Methyl isobutyl ketone 
Butyl acetate 
Hexane 
Octane 
Toluene 
Octane 


Hexane 


tert-Butanol 


n-Butmol 


Butyl acetate 


Methyl isobutyl ketone 


Toluene 


2-Nitropropane 


Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Pol yet hylene 
Pol ye thylene 
Polyethylene 
Po1 yvin yl 


chloride 
Polyvinyl 


chloride 
Polyvinyl 


chloride 
Pol yvin yl 


chloride 


chloride 


chloride 


chloride 


chloride 


Polyvinyl 


Polyvinyl 


Polyvinyl 


Polyvinyl 


- 
-. 


- 
- 
- 
- 
- 
- 


4.781 


- 


2.737 


13.202 


25.069 


22.063 


24.079 


34.448 


4.398 
15 350 
5.117 


21.050 
28 186 
9.119 


41.650 
41.740 
3.178 


1.059 


2.174 


6.887 


11.626 


11 763 


11.262 


15.778 


2.812 
8.643 
3.556 


11.206 
15.300 
4.876 


18.857 
22.206 
- 


- 
- 
- 


- 


- 


- 


- 


Table VII-Specific Retention Volumes at Varying Temperatures 
for the Bacteriostatic Agents 


--- Vu@, ml.----. 
Solute Polymer 413°K. 443°K. 463°K. 


Benzyl alcohol 
Phenol 
Chlorobutanol 
Benzyl alcohol 
Chlorobutanol 
Phenol 


Polyethylene 
Polyethylene 
Polyettiylene 
Polyvinyl chloride 
Polyvinyl chloride 
Polyvinyl chloride 


- 85.02 51.64 
59.38 30.08 


- 56.45 35.13 
- 


141.95 54.46 - 


83.78 33.64 - 
40.01 19.15 - 


--- v,o, mi.--- 
463 OK: 483 OK. 503 OK. 


Pr opylpar aben 
Methylparaben 
Propy 1 para ben 
Methylparaben 


Polyethylene 
Polyethylene 
Polyvinyl chloride 
Polyvinyl chloride 


193.86 102.53 55.90 
94.59 53.13 30.87 


389.42 263.65 - 
240.57 164.70 -- 
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C O M M  U N I C A  T I O N S  


Ureide Ring Scission of Phenobarbital by 
Sodium Borohydride 


Keyphrnees 0 Phenobarbital-ureide ring scission by sodium 
borohydride 0 Sodium borohydride-used in ureide ring scission of 
phenobarbital 0 Ureide ring scission-reaction of phenobarbital 
with sodium borohydride 


Sir : 
Phenobarbital was found to react with sodium boro- 


hydride in aqueous and organic media, with ultimate 
formation of 2-phenyl-I-butanol. This finding was un- 
expected in view of the report by Smissman el al. (1) that 
phenobarbital was not reduced by sodium borohydride 
in absolute alcohol, tetrahydrofuran, or diglyme. 


Solutions (0.1-1 mg./ml.) of phenobarbital in aqueous 
alkali, methanol, or methanol-ether mixtures were 
treated with excess sodium borohydride, added as the 
solid, and the mixtures were monitored at intervals by 
TLC. When using 0.25-mm. silica gel G F  thin-layer 
plates with chloroform-methanol (4 : 1) for development 
and UV light and iodine vapor for detectio’n, all reaction 
mixtures showed qualitatively identical patterns with 
time. At first, shrinkage of the phenobarbital spot at 
about R ,  0.8 was evident with the appearance of two 
more polar spots, at R,’s about 0.5 and 0.7. After no 
more phenobarbital was detected on the plates, a new 
spot became evident at about Rj 0.9, increasing in size 
and intensity with concomitant disappearance of the 
lower mobility spots until, finally, only this spot was 
visible. The reaction proceeded most rapidly in 0.1 N 
alkali and least in methanol-ether mixtures. Heating a 
solution of phenobarbital with excess sodium boro- 
hydride in 0.1 N sodium hydroxide for 20 min. was 
sufficient to effect complete conversion to R ,  0.9 mate- 
rial. 


A quantity of the ultimate reaction product was pre- 
pared by dissolving 1.06 g. of phenobarbital in 40 ml. of 
0.05 N sodium hydroxide, adding 4 g. of sodium boro- 
hydride in portions, and allowing the mixture to stand 
for 22 hr. at room temperature. TLC of the reaction mix- 
ture showed a single spot at Rj 0.9. Extraction of the 
mixture with two 50-ml. portions of hexane, washing the 
extracts with 10 ml. of water, and evaporation under a 
stream of nitrogen afforded 0.505 g. of faintly yellow 
liquid (73.6 yield based on phenobarbital). The prod- 
uct was characterized by NMRl spectroscopy in deu- 
terochloroform. The signals obtained and their inter- 
pretation are summarized in Table I. 


Elemental analysis showed no nitrogen, and the 
carbon-hydrogen values confirmed the structure of 2- 
phenyl- 1-butanol. 


1 Using a Varian A-60 instrument. 
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Table I-Summary of NMR Spectrum of Phenobarbital 
Reduction Product 


6, 
p.p.rn. 


0.80 


1.65 


2.05 


2.6 


3 . 7  


7.25 


Multiplicity 


Triplet 


Multiplet 


Singlet 


Multiplet 


Doublet 


“Singlet” 


And-Calc. for CloHlsO: C, 79.95; H, 9.39. Found : 
C, 80.30; H, 9.50. 


Although the mechanism or reaction route was not 
investigated, we considered that the first step of the 
reaction might involve hydrolysis of phenobarbital. 
This hypothesis appears untenable, however, because 
no spot corresponding to the primary phenobarbital 
hydrolysis product, phenylethylacetylurea, was seen in 
chromatograms of the reaction mixtures. Moreover, 
phenobarbital was demonstrated to be stable when 
added to reaction mixtures in which the borohydride 
had been allowed to decompose to borate. 


(1) E. E. Smissman, A. J. Matuszak, and C. N. Corder, J.  Pharm. 
Sci., 53, 1541(1964). 
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1,5-Diphenyl-3-dimethylaminopyrrolidine : 
A Long-Acting Histamine Antagonist 


Keyphrases 0 l,S-Dipheny1-3dimethylaminopyrrolidine-evalua- 
tion as potent, long-acting histamine antagonist 0 Antihistamines, 
potential--l,5-diphenyl-3-dimethylaminopyrrolidine 


Sir: 


Antagonism of histamine-induced smooth muscle 
contraction by antihistamines is assumed to occur as a 
result of competitive occupation of tissue receptors by 
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Mass Spectra of Nine Medicinal Carbamates 


R. T. COUTTS 


Abstract 0 The mass spectra of nine medicinal carbamates (mepro- 
bamate, mebutamate. carisoprodol, emylcamate, bethanechol 
chloride, styramate, hydroxyphenamate, mephenesin carbamate, 
and methocarbamol) were recorded and examined. Proposed frag- 
mentation pathways were deduced, either by deuterium labeling or 
by means of accurate mass measurements. The carbamate grouping 
was expelled at various stages during fragmentation and was lost 
in a variety of ways. 


Keyphrases 0 Carbamates-mass spectral characterization of nine 
drugs 0 Meprobamate-mass spectral characterization, fragmenta- 
tion pathways 0 Mebutamate-mass spectral characterization, 
fragmentation pathways 0 Carisoprodol-mass spectral char- 
acterization, fragmentation pathways 0 Ernylcamate-mass spec- 
tral characterization, fragmentation pathways 0 Bethanechol 
chloride-mass spectral characterization, fragmentation pathways 
0 Styramate-mass spectral characterization, fragmentation path- 
ways 0 Hydroxyphenamate-mass spectral characterization, 
fragmentation pathways IJ Mephenesin carbamate-mass spectral 
characterization. fragmentation pathways 0 Methccarbamol- 
mass spectral characterization, fragmentation pathways 0 Mass 
spectroscopy-characterization, nine medicinal carbarnates 


There are several reports in the literature on the 
mass spectral behavior of carbamates (1-5), but all of 
these studies are concerned with N-substituted and N,- 
N-disubstituted carbamates, including many of the 
carbamate pesticides. Unsubstituted carbamates are 
employed in medicine as minor tranquilizers and 
muscle relaxants and for other purposes. Their mass 
spectra have not been examined in detail. 


The study now reported is a continuation of previous 
investigations (6,7) on the characterization of medicinal 
compounds by means of their mass spectra. For this 
study, nine medicinal carbamates were available. The 
mass spectrum of each was recorded, and fragmenta- 
tion pathways were proposed either as a result of deu- 
terium labeling or accurate mass measurements. At 
the outset, each spectrum was inspected to see whether 
the chosen carbamates lost the carbamate grouping 
early in the fragmentation sequence and, if so, whether 
it was consistently lost as an identifiable molecule or 
radical such as HNCO or NH2COO'. It soon became 
clear that the carbamate grouping was expelled at 
various stages during fragmentation and that it was 
lost in a variety of ways. However, one diagnostic peak 
was observed in five of the carbamates. An ion of mass 
62 was formed from meprobamate, mebutamate, 


carisoprodol, mephenesin carbamate, and methocar- 
bamol. An accurate mass measurement in each in- 
stance revealed that this ion was NH2COOH2+. The 
elimination of NH2COOH (or simultaneous expulsion 
of NH, and CO,) at some stage during the fragmenta- 
tion sequence was also common to the same five com- 
pounds and to emylcamate. The formation of the NH,- 
COOH molecule is considered to be the result of a 
hydrogen-transfer mechanism such as that illustrated 
in the fragmentation of emylcamate. 


RESULTS' AND DISCUSSION 


In the nine carbamates investigated (I-IX), the molecular ion 
generally either was present in very low abundance or was absent 
from each spectrum. 


The spectrum of meprobamate (I) (Fig. 1) displayed six fragment 
ions at m/e 144 [lw, 114 [115J, 101 [102], 96 [m, 84 [84], and 83 
[83], which could be useful for characterization purposes. Tetra- 
deuterated meprobamate (I, NH,, groups replaced with NDd gave 
a spectrum with corresponding deuterated fragment ions. This in- 
formation, together with the appearance of appropriate metastable 
ions, permits a rationalization of fragmentation pathways as il- 
lustrated in Scheme I. (In all schemes, the mass of a deuterated ion 
is enclosed in a square bracket, and an asterisk indicates the presence 
of a supporting metastable ion.) 


The chemical structures of mebutamate (11) and carisoprodol 
(111) are closely related to that of meprobamate. As expected, some 
of the fragment ions that appear in the spectra of I1 and 111 arise in 
ways similar to those just described for meprobamate. Thus, the 
spectrum of mebutamate (Fig. 1) possesses abundant ions of m/e 
158 [160], 128 [129], 110 [110], 115 [116], 97 [97, and 69 [69], which 
arise in the same manner as the ions a and c-g, respectively, illus- 
trated in Scheme I. 


Other abundant ions in the spectrum of mebutamate were located 
at m/e 97, 72, 71, 62, and 55. A rational explanation of their forma- 
tion is given in Scheme 11. In addition, accurate mass measurements 
were made of all ions and, in this way, the elemental composition of 
each ion was confirmed as shown. The peak at m/e 71 was a doublet, 


1 Mass spectra were recorded by Dr. A. M. Ho$g. and his associates 
using an AEI MS-9 mass spectrometer at an ionizing potential of 70 
ev. Samples were introduced usin the direct probe method. The source 
temperature was between 75 a n t  155", depending on the compound 
being examined. Accurate mass measurements were carried out by the 
peak matching method. 


All of the compounds examined were gifts from pharmaceutical 
ficms. All had literature melting points and gave IR spectra consistent 
with their structures. Each deuterated compound was prepared by boil- 
ing. under reflpx for 4 hr.. a solution of the compound in dioxane con- 
taining deuterium, oxide and then repeated recrystallization. from the 
same solvent until the O - H  and N-H stretching bands in the IR 
spectra of the unlabeled carbamate were replaced by 0-D and N-D 
stretching bands at longer wavelengths. 
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11: mebutamate, R = CH3CHCHzCH,, R, = H 
111: carisoprodol, R = CH,(CH,),, R, = CH(CH,), 


I; 


CH,CH,’ ‘OCONH~ 
IV: emylcamate 


V: bethanechol chloride 
OH 


C& 


VI: styramate, R = H 
VII: hydroxyphenamate, R = CH,CH, 


OCH,CH(OH)CH20CONHz P R 


VIII: mephenesin carbamate. R = CH, 
1X: methocarbamol, R = OCH, 


C4H70 (60%) and C6HlI (40%). Mechanisms for the formation of the 
latter and for fragment i (Scheme 11) would be speculative and 
are not suggested. 


The mass spectrum of carisoprodol(II1) (Fig. 1) is more complex 
than the spectra of Compounds I and 11. The spectra of 111 and 
trideuterated carisoprodol contained fragment ions and appropriate 
metastable ions which enable the identification of fragments a, c, d, 
and f-h (Scheme I) but, with the exception of the ion m/e 55, all of 
these ions are of low abundance in the spectrum of carisoprodol 


d. m/c 96 [96] 


S? 7 
W e 


I” t MEWAMATE 


In EMVLCAMATE 


1 I 


20 40 60 80 100 120 140 160 180 200 220 240 260 
m/e 


Figure 1-Mass spectra. 


and of little value for characterization purposes. Fragment ions 
that are of more value in identification are the molecular ion m/e 
260; the fragment ions m/e 245, 184, and 158, which appear as 
isolated peaks in the spectrum; and the abundant ions m/e 104, 
97, and 58 (base peak). Mechanisms for their formation are sug- 
gested in Scheme 111. Accurate mass measurements of the ions m/e 
104 and 58 confirmed their elemental compositions. 


The simplest compound examined was emylcamate (IV), the 
mass spectrum (Fig. 1) of which lacked a molecular ion; an M- 15 


CH3\ ,CH@CONH21+ + - HZNCOOHi 


i. m/e 62 [64] 
/\ 


CH&H CHPCONHZ 
I 


CH,&H, 


- NH,COOH I \  -HNCO 


-dH,OCONH, 


m/e 158 [160] CH3CH 


m/e 128 [l29] 


I -H,NCOOH I 
m/e 97 m/e 72 [73] 


C,H,+ CH2==C(CH3)CH-6H CH&H 


m/e 55 m/e 71 [72] m/e 31 [32] 


Scheme Il-Some fragmentations of mebutamate Scheme I-Fragmentation of meprobamate 
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-NH,COOH 
+ - C,oH,8NOz+ 


I -cH3 


m/e 184 [185] 


m/e 158 [160] m/e 97 


Scheme ttt-Some fragmentations of carisoprodd 


ion, due to the loss of a methyl radical from the molecular ion, was 
less than I % abundant. A comparison of the spectrum of emylcam- 
ate with those of Compounds 1-111 and with that of tert-butyl alco- 
hol (8) permitted the elucidation of the unexceptional fragmentation 
pathways depicted in Scheme IV. Accurate mass measurements 
of the ions m/e 87, 85, 84, 73, 69, 55, and 43 confirmed elemental 
compositions in agreement with Scheme IV. The peak, m/e 43, 
was a triplet: CJI, (4573, GHJO (34z),  and HNCO(21z). 
The quaternary salt, bethanechol chloride (V), also behaved 


predictably in the mass spectrometer (Fig 1) by decomposing 


-HNCO/ m/e 146 (absent) 
-en, 


(CH3)2NCH&HOHCH3 ? - (CH3)2NCH&H= 6 H  
J 


mle 103 [lo41 m/e 88 [89] 


+ 
(CHAN-CH2 


mle 58 


- H. +. + 


mle 43' mle 42 
CH,N-CH, * CHz-N-CHZ 


Scheme V-Fmgmentation of bethanecho1 chloride ('doublet) 


initially to methyl chloride (m/e 50 and 52) and the corresponding 
tertiary base (9). The molecular ion of the latter was not detected; 
the ions of greatest mass in the spectrum were located at m/e 103 
and 88; and although both were of low intensity, their presence is 
of value in identifying this compound. Additional ions that could 
assist in the identification of this spectrum are the ion m/e 50 (CHj- 
Wl), the base peak (m/e 58), and fragments derived from it. Ac- 
curate mass measurements of the ions m/e 88, 43, and 42 showed 
them to be CBIONO, GHJO (90%) and G H K N  (lox), and GHdN, 
respectively. Proposed mechanisms for the formation of fragments 
in the spectrum of bethanechol chloride are presented in Scheme V. 


The formation of the ion GHjO by the expulsion of dimethyl- 
amine from the fragment of m/e 88 is not supported by a metastable 
but parallels a similar fragmentation observed (10) in the spectrum 
of glycerol-~iz., C H * O H C H d + H  4 CH-+H. 


Mf m/e 145 (absent) m/e 130 m/e 87 m/e 69 


w7+ 


CH2CH.q I -HNCO 
CH&H&+ 


I 
(3% 


mle 43' m/e 85 mle 116 m/e 13 


H 1: 
-NH,COOH CH&H2\ ? -&H3 *H2\ 


m3\ P CH cH3cHZ\4 & - ,C-CHCH, - ,C-CHCH, 
CH3 CY, 


*I m/e 84 mle 69 
/ o \  


Mf 
CH3 


Scheme tV-Fragmentation of emylcamate ('triplet) 
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7 STYRAMATE 


> 


1'" MEPHENESIN CARBAMATE 


t la IT  
40 60 80 100 120 140 160 180 Mo 229 240 


m/e 
Figure &Mass spectra. 


Despite the presence of a stabilizing phenyl substituent, the 
spectra of styramate (VI) (Fig. 2) and trideuterostyramate did not 
show molecular ions. The styramate molecule fragmented in the 
manner typical of a knzyl alcohol derivative (11) by expelling 
'CHIOCONH~ and yielding successively ions of m/e 107 [lo81 (base 
peak, C&CH=O+H), 105 (CSHsCSO"), 77 (WS+), and 51 
(C4H8+). Appropriate metastable ions were present. Other ions of 
interest were located at  m/e 120 [1211, 79 [801, and 75 [781. The 
former was the second most abundant ion in the spectrum. The 
presence of an appropriate metastable ion (m/e 79.6) supported the 
contention that this m/e 120 fragment was derived by expulsion of 
NHzCOOH from the molecular ion. The location of this fragment 
a t  m/e 121 in the spectrum of deuterated styramate indicates that a 
hydrogen atom other than that of the alcohol group is involved in 
the formation of the NHCOOH molecule. One appropriate ex- 
planation would be the involvement of the H atom of the asarbon 
(Scheme VI). 


The ions of m/e 79 and 75 are readily explained as shown 
in Schemes VII and VIII. 


As was observed with styramate, the major fragmentation ob- 
served in the spectrum of hydroxyphenamate (Vll)  (Fig. 2) was 
the loss of a 'CHzOCONHl radical and the formation of the base 
peak at m/e 135 [136]. The presence of the ethyl substituent on the 
acarbon, however, influenced subsequent fragmentation (Scheme 
IX), which differed from that observed in the spectrum of styramate. 


Scheme VI 


m/e 107 [lo81 m/e 79 [go]  


Scheme V l l  


? - CH~OCONH~' 
m/e 75 [78] 


M? 
Scheme VIN 


f b H  
Mt, m/e 209 [212] 


H1-6+ 
m/e 135 [I361 


-co 
C&rn2+ * CH,CH,ClOt 


m/e 29 [29] m/e 57 [57] 


m/e 180 [I831 m/e 163 [163] 


-corn I 
m/e 137 [139] m/e 119 [119] 


-co/. 


-C2H2 I 
w: GH7+ 
mle 65 m/e 91 


Scheme IX-Fragmentation of hydroxyphenamate 


The m/e 135 and 57 ions are the most characteristic peaks in tbe 
spectrum. 


Relatively minor fragmentations which occur with hydroxyphen- 
amate (Scheme IX) are also of some interest and arise as a result of 
an initial expulsion of an ethyl radical from the molecular ion. An 
ion of m/e 119 is detected in the spectrum of hydroxyphenamate 
which is absent from the spectrum of styramate. The ion of m/e 
163 in the spectrum of hydroxyphenamate is of very low abundance 
( 3 z )  but it is interesting because that same ion is also located at  
m/e 163 in the deuterated compound. Its formation from m/e 180 
[183], supported by an appropriate metastable ion, must involve 
the expulsion of the three hydrogen atoms of the NHI and OH 
groups. The proposed mechanism of this unexpected expulsion of 
an ammonia molecule is illustrated in Scheme 1X. An accurate 
measurement of the ion m/e 163 confirmed its elemental analysis 
as CsH& 


Mephenesin carbamate and methocarbamol are closely related 
structures and fragmentation pathways are common to both mole- 
cules (spectra given in Fig. 2). Most major ions of value in identi- 
fication are shown in SchemeX(fragments present in the spectrum of 
trideuterated mephenesin carbamate are enclosed in parentheses). 
Additional characteristic ions are located at  m/e 107 [lo81 and 91 
in the spectrum of mephenesin carbamate; both ions are absent 
from the spectrum of methocarbamol. The former ion is identified 
as the hydroxytropylium ion, formed by the expulsion of a hydrogen 
atom from the m/e 108 ion (12). The tropylium ion, m/e 91, is 
presumably formed by expulsion of the ether side chain from either 
the molecular ion or the fragment m/e 182. 


A metastable ion, m/e 95.8, supports the postulate that the frag- 
ment m/e 109 present in the spectrum of methocarbamol (but absent 
from the spectrum of mephenesin carbamate) is formed as a result 
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R = OCH,, m/e 241 


+cb-cHcHmNHz 
I 
OH 


tl 
CH -CHCHPCONHz <&/ 
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Scheme X-Fragmentations of mephenesin carbamate 
( R  = CHa) and methocarbarno1 (R = OCH,) 
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m/e 124 m/e 109 


Scheme X I  


- vHzcH-6H - ~ H , O C O N H ,  
M: 


m/e 241 OCHI 
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Scheme XI1 


of the expulsion of a methyl radical from the ion m/e 124 (Scheme 
XI). 


The spectrum of methocarbamol (Fig. 2) also contains a weak, 
isolated fragment of m/e 167. An accurate mass measurement re- 
vealed an elemental composition of CeHIIO,, the formation of 
which is readily explained (Scheme XU). 


The present study has shown that medicinal carbamates are 
readily characterized by means of their mass spectra. 
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N-Trisubstituted Methylimidazoles as 
Antifungal Agents 


S. CASADIO’, A. DONETTI, and G. COPPI 


AbstrPct The preparation and the antifungal activity in oitro 
of nine N-trisubstituted methylimidazoles related to clotrimazole 
and of two congeneric compounds, having the 2-pyrrylmethyl- 
idenimino and the 2-pyrimidinylarnino groups in place of the 
imidazole nucleus, are presented. Significant activity against six 
different organisms was found for three compounds. The in oiuo 
activity of one selected compound was determined against Candida 
albicans, Aspergillus fumigatus, and Cryptococcus neoformans. 


Clotrimazole [ 1-(o-chloro-apdiphenylbenzy1)imida- 
zole] (1) is a new type of antifungal, which has been 
reported (2) to possess broad spectrum activity in- 


Structureactivity relationships of the tested compounds are also 
discussed. 
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cluding that of amphotericin B and griseofulvin. The 
consistent results obtained in patients with severe 
systemic mycoses and the advantages that this drug 
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BOOKS 


REVIEWS 


pbprnacdogy of the Endocrine System md Related Drugs: Pro- 
gatemme, Fmgestational Drugs and Antifertility A w Q ,  Volume 
11. Section Editor, M. TAUSK. Pergamon Press, Inc.. Maxwell 
House, Fairview Park, Elmsford, NY 10523,1972. xiv + 538 pp. 
16 x 24 cm. Price $36.00. 
This second volume of section 48 of the International Encyclo- 


pedia of Pharmacology and Therapeutics is composed of 11 chapters 
by eight eminent contributors. It has accomplished, very com- 
pletely, in a rather limited amount of space, what it was supposed to 
do-namely, provide a thorough review of the synthetic pro- 
gestational drugs that will serve the purpose of a wide variety of 
basic and applied scientists. 


The first part of the text deals with synthetic progestational 
agents in humans and animals, highlighting their pharmacology, 
metabolism. and therapeutic applications. The latter part is con- 
fined to the antifertility aspects of estrogens, progestational com- 
pounds, combinations of both, and their side dects. In addition, 
there is a concluding summary chapter that not only covers ma- 
terial in both volumes, but also includes some recent information 
that has come about during the 5 years this volume was in prepa- 
ration. 


Outstanding features of this book include separate subject and 
author indexes, as well as complete reference sources far this area of 
pharmacology. The buyer should be cautioned that, in order to 
really have at hand all the necessary facts for the subject under 
discussion, the initial volume must also be purchased. Most of the 
material presented is done so in as readable a manner as can be 
accomplished in this kind of undertaking and, for the m a t  part, the 
clarity is better than most other reviews. 


This book will undoubtedly be added to all medical libraries 
throughout the world, and it should find use among not only 
pharmacologists and endocrinologists, but also obstetricians, 
gynecologists, and steroidal research groups interested in the 
actions, mechanisms. and uses of the myriad of compounds de- 
scribed. 


Reviewed by Ronald F. Gautieri 
Temple University 
Philadelphia, PA 19140 I 


Phpnnaeeutical AppUeitions of Ihin-Layer and Papex C h r ~ t o g -  
raphy. Edited by KmeL MACEK. American Elsevier, 52 Vander- 
bilt Ave., New York, NY 10017, 1972. xvi + 742 pp. 16 X 24.5 
cm. Rice $78.50. 
Macek and twelve cocontributors approached the enormous 


literature of TLC and paper chromatography (cumulatively called 
“flat-bed” as the lines of demarcation have dimmed in recent years) 
with a single objective: to produce a volume uniquely useful to the 
pharmaceutical milieu. This objective is a reasonable one and long 
overdue. They have succeeded through diligent coverage of the 
chosen field and unyielding exclusion of related information from 
activities in agriculture, dyes, synthetic organic chemistry, and 
biochemistry. 


Rich discussions of technique and interpretation are given so 
that this volume is no mere catalog of mobilities and references. 
Their inclusion of both paper and thin-layer data and exclusion of 
data not of direct pharmaceutical interest have steered the volume 
reasonably clear of that great and obvious danger, overlap with 
existing compilations. Moreover, this freshness of effort is aided by 
the simple fact that more recent literature is included, that is to 
say reasonably thorough coverage through 1970 with some 1971 
work. 


Twenty-one chapters, individually authored, divide the mass of 
information into realistic compartments with only minor discon- 
tinuity or overlap. The heart of the volume resides in 10 chapters 
covering pharmaceutical compounds by class : synthetic organics, 
steroids, glycosides, saponins, peptide and protein hormones 
(which suffers slightly from the exclusion of another “flat-bed” 
technique, electrophoresis), alkaloids, vitamins, antibiotics, plant 
extracts, and formulation components. One strength of this volume 
lies in the inclusion of isolation and sample preparation procedures 
within the context of the individual chapters. Each chapter is well 
organized and the literature coverage is excellent throughout. 


General techniques, choices of systems, and quantitative aspects 
of each flat-bed method are reviewed in two chapters which are 
both critical and informative. There is a good chapter on radio- 
isotopic methods. Two chapters are devoted to  the interfacing of 
flat-bed methods with spectroscopic and other chromatographic 
methods-precisely the areas of greatest recent and future growth. 
Other chapters deal with qualitative analysis (with schemes), docu- 
mentation, and detection reagents. A chapter on applications in 
drug metabolism is included, but this is disappointing when viewed 
against the cumnt importance of this area in pharmaceutical re 
search. Two insignificant chapters, onlaboratory design and “tasks,” 
could have been woven into the stronger fabric of the introductory 
chapters. 
Three indexes are given, so that the reader may retrieve specific 


information by compound, author, or subject; all are thorough 
and readily readable. Literature references for each chapter are 
given by author rather than number, and these are adequately 
distinguished within the text. The work appears essentially free of 
typographical errors. 


Consistent with a work intended for utility, it is written and 
edited in a clear, concise fashion. Tabulations of mobilities, systems, 
and Visualizations are extremely clear and easily followed, The 
figures and diagrams are well executed. The paper, printing, and 
binding are first rate which, when amplified by the limited produc- 
tion inherent in this area, result in a remarkably costly volume. 
Few individuals could add it to  their personal shelves. This premium 
price may indeed detract from the stated objective of a uniquely 
useful volume by placing it out of the reach of many potential 
users. It is, however, strongly recommended as a library or in- 
stitutional acquisition and should be available to groups of working 
pharmaceutical analysts where it will be a major reference for years 
to come. 


Reviewed by Lee T. Grady 
Drug Standards Laboratory 
American Pharmaceutical Association 


Foundation 
Washington, DC 20037 I 
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of the expulsion of a methyl radical from the ion m/e 124 (Scheme 
XI). 


The spectrum of methocarbamol (Fig. 2) also contains a weak, 
isolated fragment of m/e 167. An accurate mass measurement re- 
vealed an elemental composition of CeHIIO,, the formation of 
which is readily explained (Scheme XU). 


The present study has shown that medicinal carbamates are 
readily characterized by means of their mass spectra. 
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Table I-Trisubstituted Carbinols (I) i 
~~~ ~ ~~~ 


Crystal- 
lization Melting Yield, Molecular --Analysis, %-- 


Number Ri R1 X Method Solventa Point %* Formula Calc. Found 


H cb Cl A C-P 


C l B P  


Cl A" - 


C1 B P 


CI A" C-P 


Cl B E-Ha 
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C l A E  


H B C  


87-88" 
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137-138 "1 


13 1-1 32" 


65 


55 


41 


82 


62 


38 


62 


50 


86 


C 75.98 75.65 
H 4.87 4.62 
Cl 13.19 13.52 


C 80.11 79.73 
H 4.97 4.82 
C1 10.28 10.12 


C 80.11 80.22 
H 4.97 4.58 
Cl 10.28 10.45 


C 80.96 80.77 
H 5.16 5.25 
Cl 9.56 9.66 
C 83.30 82.51 .~ 


H YiG 5.16 
c1 7.93 7.97 


C 73.09 73.15 
H 4.77 4.90 
Cl 11.98 11.71 
N 4.73 4.76 
C 71.88 71.71 
H 4.90 4.85 
N 5.24 5.36 
S 11.99 11.78 
C 77.95 77.72 
H 4.47 4.68 
C1 12.11 12.38 


C 77.95 78.15 
H 4.47 4.35 
CI 12.11 12.31 


~~ 


0 B = benzene, C = cyclohexane, E = ethanol, Et = ether, and P = petroleum ether. Crystallized roduct. Chromatogra hed on a silica gel 
column using benzene-carbon tetrachloride (2:8) as the eluent. d Glass solid. R. P. Kurkjy and E. V; grown, J.  Amer. Chem. &c., 74, 6260(1952), 
reported m.p. 1161 17'. 1 N. Campbell and A. Marks,J. Chrm. Soc.. 19Y1.2941. reported m.p. 140-141 . 
appears to possess over the classical antifungal agents 
(3) encouraged the synthesis and the examination of 
some congeners. 


The synthesis of the title compounds (Scheme I) was 
achieved starting from the corresponding carbinols (I, 
Table I), obtained by reaction of the required lithium or 
Grignard reagent with the appropriate carbonyl com- 
pound. Treatment of the carbinols with thionyl chloride 
afforded the corresponding chlorides (11, Table 11) which 


% 
I 


were, in turn, converted into N-substituted imidazoles 
(111, Table 111) by reaction with imidazole. 


Compounds 28 and 29 (Table IV), in which the 
imidazole moiety of clotrimazole was replaced by the 
2-pyrrylmethylidenimino and 2-pyrimidinylamino 
groups, were prepared by condensing 2-pyrrolaldehyde 
and 2-aminopyrimidine with bisphenyl-o-chlorophenyl- 
carbinylamine and bisphenyl-o-chlorophenylcarbinyl 
chloride, respectively (Scheme 11). 


u6 
28 


m 29 


Scheme I Scheme I1 


774 Journal of Pharmaceutical Sciences 







Table II-Trisubstituted Methyl Chlorides (11) % 


crystal- 
lization Melting Yield, Molecular -Analysis, %-- 


Number Ri Ri X Method Solvent. Point z Formula CalC. Found 


10 H & A P 117-1 18 " 95 CI 24.69 24.35 


11 


12 


13 


14 


15 


16 


17 


18 


Et 


P 


P 


- 


P 


P 


2 


168-169" 


160-161" 


137-138" 


-d 


142-143" 


109-110° 


90 


84 


88 


94 


93 


90 


89 


CI 19.52 19.73 


CI 19.52 19.03 


CI 18.21 18.53 


CI 15.23 15.51 


C1 22.56 22.31 
N 4.46 4.35 


CI 12.40 12.52 
N 4.90 4.81 


c1 11.22 10.95 


c1 22.78 22.51 


a See Footnote a of Table 1. * Glassy product. Waxy product. * Thick oil. 


The antifungal activity of the compounds was studied 
in oitro against six different organisms (Table V). After 
this preliminary screening, the in vivo activity of one 
selected compound was determined against Cundida 
albicans, Aspergillus fumigatus, and Cryptococcus 
neoformans in mice infections (Table VI). 


EXPERIMENTAL1 


The intermediate trisubstituted carbinols (I) were synthesized by 
the action of the required Grignard or lithium reagent on the a p  
propriate carbonyl compound. The characteristics of these carbinols 
are listed in Table 1, and their preparation is illustrated by the 
following methods. 


Bis(CMphenylyl)scblororopbenyldnol (Cmpound 5, Table 
I)-Merhod A-A solution of 13.36 g. (0.04 mole) of 4.4'4phenyl- 
benzophenone (4) in 150 ml. of dry benzene was added dropwise to 
a Grignard reagent prepared from 23 g. of o-chlorobromobenzene 
(0.12 mole) and 2.52 g. of magnesium turnings (0.104 mole) in 75 ml. 
of dry ether. The mixture was stirred for 1 hr. at room temperature 
and then refluxed for an additional 1 hr. The reaction mixture was 
decomposed with 10% sulfuric acid, and the organic layer was 
washed with water, saturated sodium carbonate solution, and water. 
Removal of the solvent left a thick oil, which was steam distilled 
until no appreciable amount of water-insoluble material was present 


1 All melting points were determined on a BLichi capilla melting- 
point apparatus and are uncorrected. The IR S cctra were xtermined 
on a Perkin-Elmer 337 spectrophotometer; the J M R  spectra were taken 
using a Varian A 60-A instrument and tetramethylsilane as the internal 
standard. IR and NMR spectra agreed in each case with the structural 
assignments. 


in the distillate (2 hr.). The undistilled carbinol was extracted with 
ether, and the extract was dried over anhydrous magnesium sulfate. 
After evaporation of the solvent, the residue was chromatographed 
on silica gel, using bemne-carbop tetrachloride (2:8) as the 
eluent, and then crystallized from cyclohexane-petroleum ether to 
give 1 1.07 g. of Compound 5 as colorless crystals. 


The following carbinols (I) were prepared in an analogous man- 
ner: Compound 1 (from o-chlorobenzaldehyde and l-naphthyl- 
magnesium bromide), Compound 3 [from 2-benzoylnaphthalene (5) 
and o-chlorophenylmagnesium bromide], Compound 7 [from benzo- 
phenone and 2-thiazolylmagnesium bromide (6)], and Compound 8 
(from fluorenone and o-chlorophenylmagnesium bromide). 


9-myl-l-chlorduoren-9-d (Compound 9, Table I)--Merhod 
B-A solution of 7 .34z  phenyllithiurn in 280 ml. of ether was added 
to a stirred solution of 35 g. l-chlorofluorenone (0.163 mole) (7) 
in 600 ml. of dry ether. After 19 hr. of stirring at room temperature, 
the mixture was decomposed with water and extracted with ether. 
The ethereal layer was washed with water until neutral, dried over 
anhydrous magnesium sulfate, and evaporated to  dryness to give 
45.6 g. of a light-brown waxy product which, on crystallization, 
furnished 41.04 g. of Compound 9 as colorless crystals. 


Compound 2 [from o-chlorobenzophenone (8) and I-naphthyl- 
lithium], Compound 4 [from 4(2-chlorobenzoyl)-biphenyl (9) and 
phenyllithium], and Compound 6 (from ochlorobenzophenone and 
2-pyridyllithium) were prepared by a similar procedure. 


Trisubstituted Methyl Chlorides (11, Table II)--Merhod A-A 
solution of 0.1 mole of the appropriate carbinol in 150 ml. of 
thionyl chloride w a s  refluxed for 4 hr. The excess thionyl chloride 
was evaporated under reduced pressure, and the residue was used 
as crude product or crystallized. 


Merhod B-A solution of 0.04 mole of thionyl chloride in 10 ml. of 
dry benzene was added dropwise to a stirred solution of 0.02 mole Of 
the carbinol and 0.03 mole of pyridine in 80 ml. of benzene. The 
mixture was refluxed for 5 hr., cooled, and then poured into excess 
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TabIe III-N-Trisubstituted Methylimidazoles (111) 
~ 


crystal- 
-Analysis, %-- 


Number RI Ri X SOlventa Point %b hr. Formula CalC. Found 
lization Melting Yield, Time, Molecular 


19 


20 


21 


22 


23 


24 


25 


26 


27 


CI 


CI 


Cl 


CI 


CI 


Cl 


H 


CI 


H 


P 


-c 


Et 


Et 


Et 


Et 


Et 


P 


P 


145-146" 


120-121 " 


197-199" 


169-170" 


206-207" 


150-151O 


212-214" 


160-161 O 


135-136" 


38 


51 


48 


78 


78 


68 


86 


84 


62 


5 


30 


42 


44 


40 


40 


20 


20 


40 


c 75.35 
H 4.74 
CI 11.12 
N 8.79 


c 79.08 
H 4.85 
Cl 8.98 
N 7.09 
c 79.08 
H 4.85 
C1 8.98 
N 7.09 
C 79.89 
H 5.03 
Cl 8.42 
N 6.65 
C 82.16 
H 5.07 
CI 7.13 
N 5.63 
C 72.93 
H 4.66 
CI 10.25 
N 12.15 
C 71.90 
H 4.76 
N 13.24 
s 10.10 


c 77.08 
H 4.41 
C1 10.34 
N 8.17 
C 77.08 
H 4.41 
Cl 10.34 
N 8.17 


75.12 
4.52 


1 1 . 3 1  
8.51 


78.88 
4.91 
8.53 
6.61 


78.91 
4.68 
8.58 
6.95 


79.57 
4.82 
8.30 
6.43 


82.33 
4.95 
6.92 
5.55 


72.75 
4.49 


10.12 
12.31 


72.10 
4.90 


13.50 
9.75 


76.95 
4.33 


10.12 
8 . 3 1  


76.85 
4.36 
9.98 
8.25 


a See Footnote a of Table I. Crystallized product. Purified by column chromatography on silica gel using benzene-ether ( I  : I )  as the eluent. 


water. The organic layer was washed with water, dried over an- 
hydrous magnesium sulfate, and evaporated to dryness. The prod- 
ucts were isolated as shown in Table 11. 


N-Trisubstituted Methylimidazoles (III, Table I I I t A  solution of 
0.1 mole of the appropriate chloride and 0.3 mole of imidazole was 
refluxed in 120 inl. of dry benzene for the time indicated in Table 
111. After cooling to room temperature, the mixture was poured 
into water and extracted with benzene. The organic layer was 
washed with water, dried over anhydrous magnesium sulfate, and 
evaporated to dryness; the residue was purified as shown in Table 
111. 
Bisphenyl-o-chlwopheylcarbinylamine-A solution of 31.32 g. 


(0.1 mole) of bisphenyl-o-chlorophenylcarbinyl chloride (1) in 900 
ml. of ether was added under stirring to 900 ml. of 32"/. ammonia 
solution. After 22 hr. of stirring at room temperature, the organic 
layer was separated, extracted with 10% hydrochloric acid, and 
washed with water. The acidic solution was combined with the 
aqueous washings and filtered with charcoal, and the filtrate was 
basified with 10% sodium hydroxide. The basic material was ex- 
tracted with ether, and the extract was washed with water, dried over 
anhydrous magnesium sulfate, and evaporated to dryness to give 24 
g. ofa  whitesolid(81.7% yield,m.p.95-97"). 


N-Bisphenyl - 0 -  chlorophenyl - 2 - pyrrylmethylideniminometbane 
(Compound 28, Table 1V)-A solution of 8.81 g. (0.03 mole) of bis- 


phenyl-o-chlorophenylcarbinylamine and 7.1 3 g. (0.075 mole) of 
2-pyrrolaldehyde (10) in 50 ml. of dry benzene was refluxed in the 
presence of catalytic amounts of ptoluenesulfonic acid, while the 
water azeotrope was removed with a takeoff adapter. After all of the 
water had been removed (23 hr.), the solution was allowed to cool to 
room temperature; the product, which crystallized on standing, was 
collected by filtration. 


Blsphenyl-ochlorophyl-2-pyrimidinylaminom~h~e (Compound 
29, TaMe I V t A  solution of 6.26 g. (0.02 mole) of bisphenyl-e 
chlorophenylmethyl chloride and 7.61 g. (0.08 mole) of 2-amino- 
pyrimidine in dry benzene was refluxed for 43 hr. The solution was 
then cooled, diluted with benzene, washed with water, and dried 
over anhydrous magnesium sulfate. Removal of the solvent left a 
yellow, thick oil which was purified by crystallization. 


Microbidogical Experiments (ll)-In Vitro-The test organisms 
used in this experiment were C. albicans (DM), Crypt. neoformans 
(ATCC 50061, Nocardia asteroides (C.B.S.), Trichophyton menta- 
gmphytes (I.D.A.), A. niger (1.S.M.). and Penicillium chrysogenum 
(I.D.A.). The organisms were incubated for 48 hr. at 37' (C. albicans, 
Crypt. neoformans. and N .  asreroides) and for 96 hr. at 25" (T. men- 
tagrophytes, A. niger, and P. chrysogenum) in Sabouraud broth 
(Difco). The cultures were then centrifuged and washed twice with 
sterile 0.9% saline and were finally resuspended in sterile saline. 
They were then diluted with sterile saline to give 90% light trans- 


I76 Journal of Pharmaceutical Sciences 







Table IV-Chlorotrityl Derivatives Bearing 2-Pyrrylme-thylidenimino and 2-Pyrimidinylamino Groups (IV) @a 
Crystallization Melting Yield, Molecular ---Analysis, %--- 


Number R Solvent0 Point z? Formula CalC. Found 
~ 


~~ 


B 152-1 53 O 57 C;d&oCINi C 77.72 77.95 
H 5.16 5.32 
CI 9.56 9.72 
N 7.55 7.83 


E 159-160' 61 G s H I ~ W  C 74.29 74.15 
H 4.88 4.95 
CI 9.53 9.62 
N 11.30 11.15 


28 QCH-N- 


29 


4 See Footnote a of Table I. b Crystallized product. 


Table V-In Virro Antifungal Activity of N-Trisubstituted Methylimidazoleso 


Test 
Organism 


C. albicans 
Crypt. neoformans 
N. asteroides 
T. menragrophytes 
A. niger 
P. chrysogenum 


Clo- 
Compound - trima- Nys- 


19 20 21 22 23 24 25 26 27 28 29 zole tatln 


> I 0 0  100 >lo0 >I00 >I00 50 > I 0 0  50 3.12 >lo0 >lo0 3.12 0.40 
>lo0 > I 0 0  > I 0 0  >lo0 >lo0 0.80 >lo0 0.10 6.25 >lo0 >I00 0.40 0.40 
>lo0 0.40 6.25 6.25 >lo0 3.12 100 0.10 3.12 50 12.5 1.56 50 


0.20 0.40 >lo0 >lo0 >lo0 1.56 0.80 0.10 0.40 >lo0 >I00 0.10 0.20 
>lo0 >lo0 >lo0 >lo0 >lo0 6.25 >lo0 0.80 3.12 >lo0 >lo0 1.56 3.12 


3.12 > I 0 0  > I 0 0  > I 0 0  >lo0 0.40 >lo0 0.10 1.56 >lo0 >loo 0.80 1.56 
~ 


O Minimum inhibitory concentrations in micrograms per millihx. 


Table VI-In Vioo Antifungal Activity 


-4. albicans------ . A. fumigatu- -Crypt. tieoformans---- 
Number Animals Number Animals Number Animals 


Dead/Number Dead/Number Dead/Number 
Compound Tested Treated EtficacY, z Treated UfiCaCY, % Treated E k C Y ,  % 


27 26/48 45.84 23/29 20.69 27/27 0.00 
Clotrimazole 23/49 53.07 20130 33.34 27/27 0.00 Nystatin 30165 53.85 15/29 48.28 23/65 64.62 


mission at  625-nm. wavelength on the colorimeterl. 
In all cases, exactly 0.05 ml. of this standardized culture was used 


for the inoculum. Compounds to be, tested were suspended with 
0.1 of polysorbate 80a in sterile distilled water and serially diluted 
in Sabouraud broth. The inoculated tubes were incubated as already 
described and were finally observed for growth. Nystatin and 
clotrimazole were used as reference standards. 


In Vive-The test organisms in this study were C. afbicans (DM), 
Crypt. neoformans (ATCC 5006), and A. fumigatus (1.1.). The or- 
ganisms were incubated for 24 hr. at 37" (C. albicans and Crypt. 
rreoformans) in Gremy broth and for % hr. at 24" (A. fumigarus) 
in Sabouraud broth. The cultures were then centrifuged and 
washed twice with sterile 0.9% saline and were finally resuspended 
in sterile saline to give an appropriate light transmission at  625 
nm. (C. albicans, T = 15%; Crypt. neoformans. T = 20%; and A. 
fumigarus, T = 273. The inoculum used for each mouse was 0.1 5 ml. 
of these suspensions intravenously. All infected and untreated ani- 
mals were dead within 9 days. Compound 27 and clotrimazole 
were administered orally and nystatin was administered subcu- 
taneously suspended in 5 acacia gum (I0 ml./kg.) at the dose of 
100 mg./kg. The administrations were performed on the 1st day 2 
hr. before and 3 and 6 hr. after infections and on the 2nd, 3rd, and 
4th days at 9 a.m. and 4 p.m. All mice were observed for a period of 
9 days. 


* Spectronic 20, Bausch k Lomb. Rochester, N. Y. 
8 Tween 80. 


RESULTS AND DISCUSSION 
Compounds 19-29 were subjected to preliminary antifungal 


screening. The in oitro activity against six different organisms is 
reported in Table V. On the basis of this preliminary screening, it 
would appear that the ring size of the substituents plays some part in 
antifungal activity of compounds of the clotrimazole type. In fact, 
replacement of phenyl groups in the clotrimazole molecule by a- or 
8-naphthyl groups (Compounds 19, 20, and 21) or substitution in 
the para position by phenyl radicals (Compounds 22 and 23) led to 
compounds practically devoid of antifungal activity. No inhibition 
was also observed for the thiazole Compound 25 and when the 
imidazole was replaced by different groups (Compounds 28 and 29). 
The activity was retained when one of the two phenyl groups of 
clotrimazole was replaced by a 2-pyridyl radical (Compound 24) and 
in Compounds 26 and 27, where two phenyl groups are orrho 
connected to form a tluorene system. Actually, Compounds 24 and 
26 inhibited in airro the growth of the considered organisms, with the 
exception of C. albicans. In this respect, the activity of Compound 26 
was even better than that of clotrimazole. On the other hand, 
Compound 27 was less active than Compound 26, but it showed 
inhibition against C. albicans. The activity of the latter compound 
was only slightly inferior to that of the reference standards. 


During the completion of this study, the authors became ac- 
quainted with two patents (12, 13) reporting the preparation and 
antifungal activity of compounds having formulas corresponding to 
Compounds 24 and 26, so only Compound 27 was chosen for the 
study of the in aiao activity (Table VI). Compound 27 confirmed its 
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activity in oioo agahst C. albicuns and A. fumigarus. Like clotri- 
mazole, it was inactive against Crypt. neoformans. 


The data obtained in this study indicate that Compound 27 is 
endowed with good inhibitory activity in oitro and in oioo, which is 
only slightly inferior to that of clotrimazole. 
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Toxicological and Pharmacological Actions of 
Methacrylate Monomers I: Effects on 
Isolated, Perfused Rabbit Heart 


G. N. MIR, W. H. LAWRENCE, and J. AUTIAN’ 


Abstract 0 A series of 12 methacrylate esters and rnethacrylic acid 
was investigated for activity upon the isolated, perfused rabbit 
heart. Each compound was dissolved in the perfusing fluid and tested 
at concentrations of 1:1OOO, 1:1O,ooO, and 1:lOO.OOO (v/v). All 
compounds reduced heart rate and force of contraction at  one or 
more of these concentrations, and most, but not all, of the com- 
pounds reduced coronary flow rate. 


KeyphPses 0 Methacrylate monomers-toxicological and pharma- 
cological actions, isolated, perfused rabbit heart 0 Medical 
devices-toxicity and pharmacological attions of methacrylate 
esters from dental and surgical uses 0 Methyl acrylic acid estm- 
toxicity and pharmacological actions, related to use in dentistry 
and surgery, cardiovascular effects, isolated, perfused rabbit heart 0 
Toxicity-methacrylate monomers, effects on isolated, perfused 
rabbit heart 


Methacrylate esters are esters of methyl acrylic acid, 
CH?CH(CH1)COOH, and the lower members of the 
series have a penetrating, disagreeable odor which 
may be recognized in tissues of treated animals (1). 
These esters may be polymerized by heat, oxygen, and 
oxygen-yielding compounds. The methacrylate poly- 
mers are widely used in dentistry and surgery as well as 
in many industrial applications. 


Toxicity studies by Deichmann (1) and by Spealman 
el al. (2) indicated that lower members of the meth- 
acrylate esters were acutely lethal to laboratory animals 
due to respiratory depression by all routes of administra- 
tion employed. Lawrence ef al. (3) subjected 11 of the 
present 13 compounds to structure-toxicogenic analy- 


ses and found eight of these 11 compounds to be con- 
sistent with the hypothesis of a common mode of lethal 
activity. 


Various investigators have reported a mild to marked 
irritant effect from application of some methacrylate 
monomers to skin, rabbit eye, wall of the stomach, 
respiratory membranes, and peripheral nerve tissue 
(1, 2, 4, 5) .  Strain (6) reported contact allergic reactions 
in sensitive patients to the residual monomer from 
incompletely polymerized methyl methacrylate den- 
tures. Chronic toxicity feeding studies were conducted 
on rats and dogs by Borzelleca ez al. (7) over a 2-year 
period. They did not find an increased mortality in the 
methacrylate-treated animals and, in fact, noted only a 
few instances of abnormal findings. 


Acrylic polymers, primarily self-curing methyl meth- 
acrylate, have found some use as “bone cements” in 
orthopedics, especially for intramedullary placement of 
prosthetic devices. Hypotensive responses in patients 
shortly after clinical use of the cement have been re- 
ported by several workers (8-10). Cardiac arrests, some 
of which were fatal, have been reported in a few patients 
undergoing such treatment (9, 10) in which methyl 
methacrylate monomer was suggested as the primary or 
contributory cause of the cardiac arrest (10). 


The present study was undertaken to investigate the 
pharmacological and toxicological effects of meth- 
acrylate monomers upon cardiac function, independent 
of their effect upon respiration and peripheral vaso- 
dilator activity. 
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NOTES 


Selection of Best pH Range for Extraction of 
Amine-Bromthymol Blue Complexes 


V. DAS GUPTA' and HARVEY B. HERMAN* 


Abstract 0 This paper describes the determination of the best pH 
range for the extraction of amine-bromthymol blue complexes with 
chloroform. The experimental data on eight amine salts indicate 
that the best pH range is about 5.2-6.4 for a greater sensitivity in 
the analytical technique. A theoretical equation was derived and 
solved using a computer. The experimental results are in fairly good 
agreement with the theoretical results. 


Keyphrases IJ Amine-bromthymol blue complexes, extraction- 
theoretical and experimental determination of optimum pH range 0 
Bromthymol blue complexes with amines, extraction-theoretical 
and experimental determination of optimum pH range 0 Extrao 
tion of amine-bromthymol blue complexes-determination of 
optimum pH range, theoretical, experimental 0 pH range, extrac- 
tion of amine-bromthymol blue complexes-theoretical and ex- 
perimental determination 


The variation in the amount of amine-dye complexes 
extracted from an aqueous solution by an organic sol- 
vent is dependent on the pH of the aqueous phase (1, 
2). The selection of pH for the quantitative determina- 
tion of amines has been arbitrary (3). Eight amine 
salts, atropine sulfate (I), codeine phosphate (11), eme- 
tine hydrochloride (111), ephedrine hydrochloride (IV), 
pilocarpine nitrate (V), procaine hydrochloride (VI), 
quinine hydrochloride (VII), and strychnine sulfate 
(VIII), were investigated both theoretically and experi- 
mentally to determine the best pH range for the extrac- 
tion of amine-dye complexes. Bromthymol blue (IX) 
was.selected as the dye and chloroform as the organic 
solvent for the extraction of amine-bromthymol blue 
complexes since they have been reported to be the best 
for the analysis of amines (4). The purpose of this paper 
is to report these studies. 


EXPERIMENTAL 


Reagents and Materials-All chemicals and reagents used were 
USP, NF, or ACS grade. Bromthymol blue] was used as supplied 
without further purification. Procaine hydrochloride was purchased 
from one sources, and all other amine salts ( 1 4 ,  VII, and VIII) 
were purchased from anothera. 


Preparation of Solutions-Buffered (0.05 M phosphate) ayueous 
solutions of bromthymol blue (1 X lo-' M) of various pH values 
(3,0,4.0,4.6, 5.2, 5.8, 6.4, 7.0,7.6, and 8.4) were prepared according 
to the procedure reported earlier (5). Aqueous solutions of various 
amine salts of various concentrations were prepared using a simple 
solution method. 


Determination of Best pH Ranges-A 5.0-ml. quantity of the 
amine salt solution (10 mcg./ml.) was mixed with 5.0 ml. of the dye 


~~ 


1 Eastman Organic Chemicals. 
f Mallinckrodt Chemical Works. 
* M u c k  & Co. 


Table I-Rest pH Ranges for Extraction of Various Amine- 
Bromthymol Blue Complexes 


Best pH Rang- 
Amine Salt Experimental Theoretical 


I 
I1 


I11 
IV 
V 


VI 
VII 


VIII 


5.2-6.4 5 . 6 6 . 8  
5.2-5.8 5.8-6.0 
4.0-5.8 5.8-6.2 
5.2-6.4 6.0-6.6 


3.0-4.6 4.2-6.4 
3.0-4.6 4.4-6.0 


5.20 5.2-5.8 
5.2-5.8 5.8-6.0 


4 No range; this appears to be the optimum pH. 


solution of appropriate pH value in a 125-ml. separator. A 10.0- 
ml. quantity of chloroform was added, and the mixture was 
shaken for 1 min. The polar and nonpolar phases were allowed to 
separate, and the organic phase was collected. The absorbance 
of the amine-IX complex in the organic phase was measured' at 
420 nm., the wavelength of maximum absorbance. A blank was p r e  
pared by substituting 5.0 ml. of distilled water for 5.0 ml. of the 
amine salt solution. All extraction curves were similar to the ones 
reported earlier (1 ,  6-9) under different experimental conditions. 
The best pH ranges (maximum absorbance *5%) are presented 
in Table I. 


Determination of Partition Coemcients of Various Amine Salts-A 
5.0-ml. quantity of the aqueous solution of the amine salt of 
appropriate concentration (I, 2.0 mg./ml.; 11, 0.2 mg./ml.; 111. 
0.1 mg./ml.; IV, 0.6 mg./ml.; V. 0.75 mg./ml.; VI, 0.01 mg./ml.; 
VII. 0.06 mg./ml.; and VIII, 0.02 mg./ml.) was mixed with 5.0 ml. 
of pH 7.0 phosphate buffer (0.05 M) in a 125-ml. separator. A 
10.0-ml. quantity of chloroform was then added, and the mixture 
was shaken for 1 min. (same time as was given for the extraction 
of amineIX complexes). The clear aqueous layer was collected 
and measured at the wavelength of maximum absorbance (I, 257.5 
nm.; 11, 284 nm.; 111, 282 nm.; IV, 257 nm.; V, 239 nm.b; VI, 290 
nm.; VII, 330 nm.; and VIII, 254 nm.) using a spectropho- 
tomew.  A blank was prepared by mixing 5 ml. of distilled water 
with 5.0 ml. of the buffer solution. The initial reading of each mix- 
ture (equal volumes of buffer and the aqueous solution of the amine 
salt) was also recorded. The partition coefficients of various amines 
were then calculated according to  the procedure reported (1 )  earlier 
for thiamine, except that the undissociated fractions of four amines 
(111, V, VII, and VIII) were determined using Eq. 1 instead of the 
Henderson equation since two pKb values for these amines were 
reported (10, 11) previously. The pKb values and the results are 
presented in Table 11. Equation 1 is: 


where (F)A.. is the fraction of the undissociated amine in the aq- 
ueous phase. 


~ ~~~~ ~~ 


4 Using a Bausch & Lomb Spectronic 20. 
b Not the wavelennth of maximum absorbance. No sharp ueak was - _ _  


recorded. 
6 Beckman DK. 
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Table 11-Partition Coefficients of Various Amine Salts 


pKb Values Used 
Amine Salt Partition CoefIicient (10, 11) 


I 
I1 


111 
IV 
V 


v1 
VII 


VIII 


154.0 
57.3 


1252.0 
2.7 
2.1 


262.7 
116.8 
145.3 


Table III-Equilibrium Constant ( K )  Values of Various Amine- 
Bromthymol Blue (IX) Complexes 


Amine-IX Complex K Value 


4.35 
6.10 
5.73,6.74 
4.64 
7.2, 12.5 
5.2 
6.0.9.89 
6.0, 11.7 


I-IX 
11-IX 


111-IX 
IV-IX 
v-IX 


VI-IX 
VII-IX 


VIII-IX 


2.32 X 10" 
3.16 X 10" 


1.22 x 1016 
2.87 x 1027 
8.83 x 10" 
2.4 x 1014 
3.21 x 10'7 
1.10 x 1017 


Determination of Equilibrium Constant (*The equilibrium 
constants, K ,  of the amine-lx complexes were determined using 
Eqs. 2 and 3. Equation 2 was used for 1 : 1 complexes and Eq. 3 
for 1 : 2 (amine-dye) complexes. The K values of four amines 
(111. V, VII, and VIII) were determined using Eq. 3. The assump- 
tion of 1 :2 (arnine-dye) complexes for these amines appears to be 
reasonable and was reported (12) earlier. For the determination 
o h h e  K values, the experimental data at pH 7.6. as recorded under 
the Determination of Best p H  Ranges, were used. A pH value of 
7.6 was preferred since at lower pH values the concentration of free 
dye in the organic phase could not be assumed to be zero. At a pH 
value higher than 7.6, the extraction of amine complexes was either 
very poor or nil. The equations are: 


where (C)<,, is the concentration of the amine-IX complex in the 
organic phase in moles per liter, (A)ua is the concentration of the un- 
dissociated amine in the aqueous phase in moles per liter, and (l&. 
is the concentration of the undissociated dye in the aqueous phase 
in moles per liter. 


To determine the concentration of the complex in the organic 
phase, an absorbance value of 0.285 was shown to represent a 1.6 
X 1 0 - 6  M concentration of the 1 : 1 complex ( 1  2) and a 8 X lod6 
M concentration of the 1 :2 (amine-dye) complex (12). The con- 
centrations of the amine and dye in water were calculated by dif- 
ference. The undissociated fractions of the amines in the aqueous 
phase were determined according to the procedure reported above 
(Eq. 1 and the Henderson equation). The undissociated fraction 
of IX in the aqueous phase was determined according to the pro- 
cedure reported earlier (5). The calculated equilibrium constant 
values are presented in Table III. _ _  


THEORETlCAL 


By assuming the following reaction, an equation was derived to 
calculate the amount of amine-IX complexes extracted by the or- 
ganic solvent: 


n(A)uo + n(DXo .= (A+" - D-"), (Eq. 4) 


where n represents the number of moles of each reacting. Assuming 
the above reaction and using the symbol (C)c,, for the concentration 
of the complex in the organic phase: 


since in both types of complexes the n value for amines is 1 ; there 
fore, the equation simplifies to: 


where (C)A is the total concentration of the amine in both phases 
(free as well as in the complex). (P)A is the partition coefficient of 
the amine, and (F)luo is the undissociated fraction of the amine 
in the aqueous phase and equals: 


If the amine has only one Kb value, Kbz equals zero and: 


where (OD is the total concentration of the dye in both phases 
(free as well as in the complex). (P)D is the partition coefficient of 
the dye, and ( F ) D , , ~  is the undissociated fraction of the dye in the 
aqueous phase and equals: 


With the values for (A)ua and (D)ua derived, the values of (Q0 in 
Eq. 6 were determined at various pH values (3-9 at intervals of 0.2) 
using a computer'. 


Kal and K,,s = first and second acid dissociation constants of IX, 
respectively (5) 


G1 and Kba = first and second base dissociation constants of the 
amines, respectively (Table 11) (If the amine has only 
one Kb value, KB equals zero) 


(P)A = partition coefficient value of the amine (Table 11) 
(P)n = partition coefficient value of the dye (5) 


To solve E q .  6, the following information was used: 


K = equilibrium constant (Table 111) 
10-14 


(OH-) = - 
(H+) 


All curves, as drawn by the computep, were similar to the one 
reported earlier (1) which was drawn using a slightly different 
equation. The best pH range (maximum extraction &2%) is p r e  
sented in Table I. 


In the derivation of Eq. 5, all of the complex in the aqueous phase 
was assumed to be completely dissociated since calculations using a 
typical value of +1.0 for the dissociation constant of the complex 
gave negligible concentrations of the undissociated complex in 
water as compared with the concentrations in the organic phase. 
Also, to keep the model as simple as possible, the use of an average 
value for the partition coefficient of bromthymol blue was preferred 
in these calculations. The incorporation of the effect of pH on the 
partition coefficient into the model will shift the extraction curves 
slightly but will not affect the general conclusions of this study. 
For example, at pH 5.5, the average (P)D value is 1.27 times the ex- 
perimental value (5). In the case of codeine phosphate, it will cause 
an error of about 8% in the concentration of (C)co extracted. At 
higher pH values, the error is of a smaller magnitude but opposite 
in sign. The net effect of this correction will shift the theoretical 


In Eq. 6, the value of n is 1 for 1 : 1 complexes (I, 11, IV, and VI) 
and 2 for the other four amines (111, V, VII, and VIII). 


By a process reported earlier (l), it can be shown that: 


(Eq. 7) 


7 IBM 360/75. 
8 Using RANGEF and PLOTF plotting subroutines as described in 


memorandum number LS-30-1 from Triangle Universities Computa- 
tion Center. Research Triangle Park, N. C. A complete computer pro- 
gram is avadable on request, 
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optimum to lower pH values and this will result in increased overlap 
of the theoretical and experimental optimum ranges. 


DISCUSSION 


Many authors have recommended (3) a pH range of 7-7.5 for the 
extraction of amine-IX complexes with chloroform or other organic 
solvents. The experimental results of these studies (Table I) indicate 
that the best pH range for these extractions is from 5.2 to 6.4 for 1 : 1 
complexes (I, 11, IV, and VI) and from 3.0 to 5.8 for 1 :2 (amindye)  
complexes (111, V, VII, and VIII). The theoretical results (Table IV) 
indicate a best pH range of 5.6-6.8 for 1 : 1 complexes and of 4.2-6.4 
for 1 :2 complexes. The best pH range was determined from the 
maximum absorbance value &.S% for the experimental data and 
from the maximum theoretical extraction 3 ~ 2 %  for the computer 
data. Since experimental data are not as precise as theoretical data, 
a wider range was allowed on experimental values. Both the experi- 
mental and the theoretical data (Tables I and IV) show that the 
arbitrarily reported pH range of 7-7.5 (3) is not the optimum for a 
maximum sensitivity in the assay technique. Nevertheless, sometimes 
it may be preferable to sacrifice the sensitivity in favor of elim- 
inating the interferences from other ingredients such as in the bio- 
logical systems. At too low pH values (about 3-46). the chances of 
forming hard-to-break emulsions are greater than at  higher pH 
values. The blank absorbance value against pure chloroform is zero 
above a pH value of 6.4. At lower pH values, the blank increases with 
a decrease in the pH, becoming significantly high (0.04-0.05) below 
pH 5. 


It appears that a pH range of about 5.2-6.4 is the best for the ex- 
traction of amine-IX complexes. For 1 :2 (amine-dye) complexes, 
the lower value (5.2) should be preferred. 
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Mississippi-Grown Cannabis satiua L. III: 
Cannabinoid and Cannabinoid Acid Content 


ASAAD N. MASOUD’ and NORMAN J. DOORENBOS* 


Abstract 0 A procedure for the assay of acidic and nonacidic 
cannabinoids qualitatively and quantitatively by chemical frao 
tionation prior to TLC and GLC analyses is reported. Various 
samples of foreign and domestic, wild and cultivated marijuana 
were analyzed. It was demonstrated that cannabinoids occur 
largely as acids, that these acids undergo decarboxylation upon 
storage, and that plants vary significantly in their cannabinoid 
composition due to heredity. 


Keyphrases 0 Cunnabis satim L.-analysis, acidic and nonacidic 
rannabinoids by chemical fractionation prior to GLC and TLC, 
hereditary plant composition and effect of storage on cannabinoid 
content 0 Cannabinoids, acidic, nonacidic-analysis, chemical 
fractionation prior to GLC and TLC, hereditary plant composi- 
tion, decarboxylation during storage 0 Marijuana-analysis, 
acidic and nonacidic cannabinoids by chemical fractionation prior 
to GLC and TLC, hereditary plant composition, and effect of 
storage on cannabinoid content 


The major cannabinoids and cannabinoid acids that 
occur naturally in the various strains of Cannabis sa~iua 
L. (marijuana) plants included in this investigation are 


As-tetrahydrocannabinol (I), its two corresponding acids 
AD-tetrahydrocannabinoic acid A (11) and Ae-tetra- 
hydrocannabinoic acid B (III), cannabidiol (IV), and 
its corresponding acid cannabidiolic acid (V) (1-3). 
It has been established that I is the principal psycho- 
tomimetic compound in marijuana (4). When mari- 
juana is smoked, I1 and 111 undergo decarboxylation 
and are inhaled as I (5 ,  6). This is one reason why mari- 
juana exerts higher activity when smoked than when 
eaten. 


GLC is being used for the quantitative analysis of 
marijuana (7-9), but these procedures do not distin- 
guish between I and its respective acids. The acids de- 
carboxylate rapidly to I in the injection port. Thus, the 
data determined by GLC analysis represent I plus its 
two respective acids. 


The Department of Pharmacognosy at the Univer- 
sity of Mississippi is growing C. satiua L. in order to 
supply analyzed marijuana and marijuana extracts to 
the National Institute of Mental Health (NIMH) for 
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Evaluation of Interactions between Polymers and 
Low Molecular Weight Compounds by GLC 11: 
Thermodynamics and Elucidation 


JACOB L. VARSANO*. and SEYMOUR G .  GILBERT? 


Abstract 0 Raoult’s law activity coefficients, obtained by GLC 
procedures for systems consisting of polymers used in packaging 
as solvents, bacteriostatic agents, and organic solvents as solutes, 
were related to the Gibbs free energies, enthalpies, and entropies of 
mixing. Solution theories were employed for elucidating the factors 
and mechanisms operative in the polymer-low molecular weight 
compound interactions. The main factor favoring miscibility was 
the configurational entropy arising from molecular size difference 
of the components. For the major part of the systems, the contact 
interactions were unfavorable to mixing in varying degrees. The 
data strongly indicated that the parabens interacted a s  aggregates, 
most probably pairs, participating in dispersion-type interactions; 
thus, the contact interactions were more favorable to mixing with 
polyethylene than with polyvinyl chloride. Alternatively, the reten- 
tion ,values obtained from GLC were related to the partition co- 
efficients which were used to compare the sorption-desorption 
prodensities of the low molecular wejght compounds with respect to 
the polymers. Heats of solution and vaporization not previously 
reported were also derived from the data. Agreement with results 
from other sources is presented. 


Key phrases 0 Polymer-low molecular weight compound inter- 
actions-sorption-desorption thermodynamic equations, GLC 0 
Sorption-desorption thermodynamic equations--polyethylene and 
polyvinyl chloride, 1 3  low molecular weight compounds, GLC 0 
Package-content interactions--polymers and low molecular weight 
compounds, GLC method for evaluating sorption-desorption 
thermodynamics 0 Plastics- -interactions of packaging materials 
with low molecular weight compounds evaluated by GLC, sorption- 
desorption thermodynamic equations 0 GLC--evaluation of 
polymer-low molecuJar weight compound interactions, sorption- 
desorption thermodynamic equations 


Raoult’s law activity coefficients for systems com- 
prised of polymers used in packaging and low molecular 
weight compounds were obtained by GLC and em- 
ployed for relative grading of interaction affinities 
as described previously (1). These coefficients were fur- 
ther applied in this work for evaluating and elucidating 
the interaction thermodynamics. Thus, they were linked 
to the thermodynamics of binary solutions where the 
polymers, polyethylene and polyvinyl chloride, were 
the solvents and the low molecular weight compounds, 
including organic solvents and bacteriostatic agents, 
were the solutes. 


The equations employed for evaluating the excess 
partial molar functions of mixing were (2-5): 


(Eq. 1) 
- 
AGE = RT In y 


- .  
where zE is the Gibbs free energy, A H E  is the enthalpy, 
GE is the erltropy, y is the activity coefficient, and T is 


the absolute temperature. These experimentally deter- 
mined quantities were interpreted by applying solution 
theory. The enthalpy was attributed to  the balance of 
contact intermolecular interactions between the “like” 
and the “unlike” molecules from the Hildebrand- 
Scatchard “regular solution” theory (6 ,  7). The Flory- 
Huggins (8, 9) theory was used to compute the con- 
figurational entropy arising from molecular size differ- 
ence of the system components. The theory of Prigogine 
el al. (lo), which considers the free volume dissimilarity 
between the low molecular weight compound and the 
polymer as a factor contributing a negative enthalpy and 
more significantly a negative entropy to  the free energy, 
was also employed. 


RESULTS AND DISCUSSION 


The excess free energies derived through Eq. 1 from the activity 
coefficients in Part I ( I )  express the interaction affinities in energy 
units’. Their main utility in the work was for revealing the factors 
contributing to the interactions through the enthalpy and entropy 
terms of the Gibbs equation. The excess enthalpieswere derivedfrom 
Eq. 2 using the regression plots of the activity coefficients uersus 
temperature. The enthalpies and entropies are shown in Table I. 
Figures 1 and 2 present the interrelation among the thermodynamic 
quantities within the Gibbs equation. Since the criterion for misci- 
bility is a negative free energy change, the -T A S  term is the main 
factor favoring mixing for most systems. The enthalpies that are 
mostly positive reduce the negative quantity for the free energy. 
The balance between these opposjng energy contributions deter- 
mines the level of the Gibbs free energy. Negative enthalpie, = were 
obtained only for the alkane-polyethylene and the butyl acetate- 
polyvinyl chloride systems; thus, the enthalpy and entropy terms are 
additive toward a negative free energy. For the propylparaben- 
polyethylene system, the enthalpy and the entropy are both nega- 
tive. The negative free energy in this case is due to  the negative 
enthalpy, while the positive entropy term reduces the energy favor- 
able to mixing. 


According to theory, the entropy receives contributions from the 
configurational factor due to molecular size difference (8, 9) and 
from the free volume dissimilarity (10). The configurational en- 
tropy was calculated on the basis of the Flory-Huggins theory (8, 
9), using the derivations of Ashworth and Everett (11) and of Mar- 
tire (12), since the literature does not provide indications for pre- 
ference between them. The entropies obtained according to  ReJer- 
eme I I  were somewhat larger than the ones from Refereme 12, 
but the difference did not alter the rationale for interpreting the 
interaction?. The difference between the experimental and the 
configurational entropies contained the free volume dissimilarity 
contribution. The contigurational entropies were also used to  
compute the “size-corrected” activity coefficients (4), which reflect 
the true intermolecular interactions since they contain only the 
contact interactions and the volume dissimilarity contributions. 
The values derived are shown in Table 11. Comparing the size-cor- 
rected coefficients with the experimental ones ( l) ,  at  the same tem- 
perature, reveals a large increase in values for the rormer. Therefore, 
the contact interactions and volume dissimilarity contributed 


1 The free energies at varying temperatures are presented in the dis- 
sertation. 
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Table I-Excess Partial Molar Enthalpies and Entropies of Mixing 


On Polyvinyl 
On - Polyethylene Chloride 
AHEa ASEb A H E  ASE 


rz-Butanol 5 .6  17.2 3.9 15.8 
2-Nitropropane 5.7 19.7 1 .7  11.9 
tert- Butanol 4 .6  17.2 6 . 7  22.7 


Methyl isobutyl ketone 0 . 2  6 . 9  1.9 11.9 
Toluene 0 . 1  8 . 3  0 . 3  8 . 1  


Chlorobutanol 5 .2  19.1 3.7 15.6 
Benzyl alcohol 1 . 1  8 . 5  0 . 5  8 . 3  
Methylparaben 0 . 9  2 .9  4 . 1  13.7 
Phenol 0 .1  7 .0  1 . 3  10.5 
Propylpara ben -0.3 -0.4 5 . 2  14.9 


- -  - 


Butyl acetate 2 .1  11.6 -0.2 6 .2  


Octane -1.8 3 . 0  4 .5  15.0 
Hexane -2.0 2 .3  3.4 13.1 


~ ~ 


Q AH" in kilocalories per mole. b AS# in calories per mole degree. 


energy unfavorable to mixing in varying degrees. The major factor 
favoring miscibility was the configurational entropy due to  molecu- 
lar size difference. Only for thc hydrocarbon-polyethylene systems 
are the size-corrected coeficients smaller than unity. These are due 
to the negative enthalpies which, in view of the contact similarity of 
the components of these systems, result most probably from nega- 
tive volume changes. This is in agreement with Flory el u/. (13) who 
worked with similar systems. 


The entropies containing the free volume dissimilarity show a 
number of negative values which conform with the concepts of 
Prigogine et ul. (10). The agreement is clearly illustrated by the 
alkane-polyethylene systems since hexane would be expected to 
exhibit a greater free volume dissimilarity with polyethylene than 
octane. With the polyvinyl chloride systems, for the most part, there 
is a parallel reduction of values for the size-corrected activity co- 
efficients and the entiopies containing the free volume dissimilarity 
effect, the latter reaching into the negative range. Therefore, as the 
contact interaction energy increases, the solutes undergo a greater 
reduction in free volume to  fit the intersegmental distances of the 
polymer. Systems that do not conform to this pattern will be dis- 
cussed further. 


The contact interactions may be considered through the char- 
acteristics of the polymers and theirrelationto the individual solutes. 
Polyethylene participates exclusive!y in dispersion-type interactions. 
Since these are weak, mixing would be favored only when the forces 
between the like molecules of the solute are also dispersion type. 
The size-corrected activity coefficient:, the entropies containing 
the free volume dissimilarity, and the enthalpies of the solutes with 
polyethylene reveal four distinguishable patterns. 


Activity Coefficients Greater than Unity and Large Positive En- 
thalpies-This pattern is typical of solute-solvent interactions 
unfavorable to mixing because of the greater interaction energy 
among the solute molecules. The entropy containing the free volume 


dissimilarity is positive because the solute-solvent interactions are 
not strong enough to be conducive to volume shrinkage. In this 
category are ri-butanol, 2-nitropropane, terr-butanol, and chloro- 
butanol. The ti-butanol molecules associated by means of hydrogen 
bonds exhibit the largest activity coefficients since this type of 
interaction between the ''like'' molecules is energetically superior to 
the others in this work. The 2-nitropropane molecules are strong 
permanent dipoles (14) due to resonance in the nitro group; there- 
fore. the size-corrected activity coefficient is also large but not as 
large as that for the n-butanol. The tert-liutanol exhibits a consider- 
ably smaller coefficient compared to rz-butanol due to  sieric shielding 
of the hydroxyl group. Since this value and the positive enthalpy are 
smaller than the respective ones for 2-nitropropane, it appears that 
the interactions between the like molecules may be attributed to  
dipole forces rather than hydrogen bonding. The dipoles Peem t o  be 
"buried" in the molecule and the interactions are, therefore, weaker 
than those for 2-nitropropane. Chlorobutanol appears to behave 
in a similar manner. 


Activity Coefficients Smaller than Unity, Negative Enthalpies and 
Negative Entropies with Free Volume Dissimilarity-This pattern is 
characteristic of solute-solvent inteiactions favorable to mixing. 
It is observed with hexane and octane. The behavior of this system 
conforms with the observations of Desmyer and Van DerWaals (15) 
concerning negative volume changes during mixing of alkanes that 
were proportional t o  the chain length difference. 


Activity Coefficients Greater than Unity but Negative Entropies 
Containing Free Volume Dissimilarity-This pattern is observed 
with methylparaben, propylparaben, phenol, and methyl iso- 
butyl ketone. The parabens appear to behave as low number molec- 
ular aggregates, most probably dimers, where a hydroxyl group of 
one molecule participates in hydrogen bonding with the carboxyl 
group of the other. The hydrogen bonding and polar forces are thus 
balanced within the molecular pairs which then participate pre- 
dominantly in dispersion-type interactions. In agreement with this, 
the excess enthalpy for the methylparaben is a small positive value; 
for propylparaben, it is negative approaching those for the alkanes. 
If a polymeric self-associated structure had been assumed for these 
compounds, the enthalpies would have been large positive values as 
observed for n-butanol. The size-corrected coefficients for the para- 
bens are large; therefore, the condition unfavorable to mixing arises 
from the large free volume dissimilarity between the aggregates 
and the polymer chains as evidenced by the large neeative entropies 
resulting from it. The participation of molecular aggregates in the 
solute-solvent interactions of phenol and methyl isobutyl ketone 
with polyethylene rationalizes the thermodynamic quantities ob- 
served with these compounds. To a lesser degree, the same appears 
t o  be true for benzyl alcohol and butyl acetate, which may be con- 
sidered as borderline cases. For these, the hydrogen bonding and 
polar energy are balanced within the aggregates to  a lesser degree; 
therefore, some energy is required to  break the bonding with a poly- 
meric structure, asevidenced by the enthalpies. 


Activity Coefficients Approaching Unity-This is a special case 
and is observed with toluene. The enthalpy indicates an almost 
athernial mixing; thus the main factor favoring miscibility is the 
configurational entropy. The volume change for this system appears 


Table 11-Size-Corrected Activity Coefficienta, Y S ,  at 25" and Entropies Containing the Free Volume Dissimilarity, G r E  


7 -On Polyethylene 7 


Solute YS ASVEh 


n-Butanol 146.0 8 .9  
2-Nitropropane 49.8 11.3 
tert-Butanol 25.0 8 . 9  
Butyl acetate 4.35 3.9 
Methyl isobutyl 1.98 -0.8 


ketone 
Toluene 
Hexane 
Octane 
Methylparaben 
Prop ylparaben 
Chlorobutanol 
Benzyl alcohol 
Phenol 


0.98 
0.49 
0.39 


53.0 
30.6 
17.4 
5.27 
2.47 


0 . 3  
-5.3 
-4 .3  
-4.9 
-7 .7  
11.6 
0 . 5  


-1.4 


7 -On Polyvinyl Chloride - 
Solute YS AT"# 


tert-Butanol 112.2 13. I 
Octane 67.7 6 .6  
Hexane 36.3 4 .2  
n-Butanol 29.4 6 .3  
Methyl isobutyl 5 .55 3 .0  


ketone 
2-Nitropropane 
Toluene 
Butyl acetate 
Propylparaben 
Methylparaben 
Chlorobutanol 
Phenol 
Benzyl alcohol 


5.41 
2.74 
2.55 


251 .O 
92 .5  
17.3 
5.96 
4.19 


2 . 3  
-1 .1  
-2 .6 


6.4 
4 .6  
6.8 
0 . 9  


-1.0 


a Computed from Reference 10. b T S E  in calories per mole degree. 
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Table In--Partial Molar Heats of Solution, A x 5 ,  and Heats of Vaporization, AHV 


Axs5 AHva - 
Solute Polyethylene Polyvinyl Chloride Experimentalb Literature Reference 


4 . 5  6 .8  10.4 10.3 21 
3 


n-Butanol 
10.0 


tert-Butanol 
2-Nitropropane 
Methyl isobutyl 


ketone 
Butyl acetate 
Hexane 


Octane 


Toluene 


4 .1  
6 .7  
8 .O 


7 .3  
8.8 


10.3 


7 . 9  


2 . 5  
8 . 2  
6 . 6  


8 . 0  
3 .6  


4 . 3  


7 . 9  


8 .9  
11.2 
8 . 4  


8 . 6  
6 .9  


8 . 6  


8 . 1  


9 .3  
- 
- 


- 
6.9  
6.4 
8 . 6  
8 . 2  
8 . 1  
8 .1  


21 


21 
3 
3 


21 
2 
3 


7 . 9  21 


Phenol 11.2 11.4 10.9 10.9 21 
- Chlorobutanol 9.6 9 . 1  13.8 


Benzyl alcohol 11.8 12.0 12.7 
14.2 Methylparaben 1 3 . 1  1 0 . 3  


Propylparaben 14.5 10.6 15.2 


u In kilocalories per mole. h Means of values obtained on polyethylene and on polyvinyl chloride. 


.- 


- 
- 


to be negligible, as evidenced by the entropy containing the free 
volume dissimilarity. 


The interactions with polyvinyl chloride were shown to involve 
hydrogen bonding and polar forces (16, 17). Adelman and Klein 
(18) observed that compounds exhibiting only dispersion forces and 
those with strong self-associative capacity showed poor interaction 
affinity for this polymer. Among the compounds capable of hydro- 
gen bonding, the interaction affinity increased with the electron 
donor capacity, provided steric hindrance did not interfere. This 
finding is substantiated by the size-corrected activity coefficients and 
enthalpies in this work. Hcxane, octane, and n-butanol exhibited a 


6 


5 


w -I 


0 
2 
a 4  
n 


w- a 
0 


0 


W 


v, 


a 3  


s - 
1L 


2 


1 


poor interaction affinity, while methyl isobutyl ketone and butyl 
acetate exhibited a considerably stronger one because of their elec- 
tron donor capacity. Crowley et al. (19) and Hansen and Skaarup 
(20) assigned higher hydrogen-bondinp values t o  butyl acetate (8.8 
and 3.1) than for methyl isobutyl ketone (7.7 and 2.0), and this 
relative grading of the hydrogen-bonding capacity is substantiated 
by their enthalpies and size-corrected coefficients in this work. 
Benzyl alcohol and phenol appear t o  participate in strong hydrogen 
bonding with polyvinyl chloride. Most probably, these compounds 
exhibit less self-association compared to  n-butanol and thus partici- 
pate more readily in hydrogen bonding. The large activity coefi- 


I 1  
I I  
I I  
1 1  
I I  


POLYETHYLENE 


POLYVINYL 
CHLORIDE 


I I-TAS 
I 


n-BUTANOL 2-NITROPROPANE tert-BUTANOL 


-TAS 


METHYL 
I SOBUTY L 
KETONE 


BUTYL HEXANE 
ACETATE 


OCTANE TOLUENE 


Figure l-Etirhalpy andentropy contributions to the Gibbs free energy of mixing for the organic solventh group. 
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Figure 2-Enrhalpy and entropy contributions to the Gibbs free energy of mixing for the bacteriostatic agents. 


cients and large positive enthalpies for teri-butanol are most prob- 
ably due to steric factors. The interaction affinity for chlorobutanol 
is considerably greater than for tert-butanol, indicating that hydro- 
gen bonding involving a chlorine atom of the solute may be occur- 
ring. The parabens show large positive enthalpies, which approach 
those of octane and hexane, and also large size-corrected activity 
coefficients. These quantities indicate contact interactions consider- 
ably more resistant to mixing of the parabens with polyvinyl chlo- 
ride than the respective values with polyethylene. The rationalization 
that the parabens interact as aggregates exhibiting predominantly 
dispersion forces is, therefore, further substantiated. The interaction 
affinity of toluene with polyvinyl chloride is strong, as may be seen 
from the small positive enthalpy and the small activity coefficient, 
although these values are somewhat less favorable to  mixing than 
the respective ones for polyethylene. Crowley et al. (19) and Hansen 
and Skaarup (20) assigned smaller hydrogen-bonding values for tolu- 
ene (4.5 and 1.0) than those for methyl isobutyl ketone and butyl 
acetate; therefore, the hydrogen-bonding capacity of toluene does not 
completely rationalize the observed interaction affinity. The behav- 
ior of this system supports the observation (18) that cyclic or bulky 
molecules exhibit enhanced interaction affinity compared to flexible 
straight-chain aliphatic molecules because they act to  separate the 
polymer chains and thus reduce the interchain forces. 


Supplementary Data Obtained by GLC-In addition to serving 
the main objectives of this work, the methodology employed pro- 
vides a means for obtaining data that are closely related to the main 
purpose or are of general interest. 


Heats of Soluiioti (Sorption) and Heats of Vaporization-Little- 
wood ei al. (2) demonstrated that the partial molar heat of solution. 
A H S ,  for a solute may be obtained from the slope of the log V,O 
cersus 1/T plots and sign inversion. This quantity is identical to 
the heat of sorption. The heat of vaporization, AHv, may be derived 
from the excess heat of mixing and the heat of solution through (4): 


- 


Table 111 presents the values obtained in this manner. The compari- 
son with data from other sources IS reasonably good. 


Partition Coeficients-The partition coefficients, K ,  of the solutes 
at the experimental temperatures were derived using the specific 
retention volumes from (22): 


Voopp,T weight/milliliter of liquid phase K=-- ~ .~ 
273 weight/milliliter of gaseous phase 


where p1 is the density of the solvent at the column temperature. 
The heats of solution were applied to compute the partition co- 
efficients at varying temperatures from (22): 


0%. 5 )  


- 
K AHs 


Tpl 2.303RT + 
log - = ~- 


where C is a constant. The values computed from Eq. 6 for the ex- 
perimental temperatures and those found experimentally coincided, 
indicating that the heats of solution employed in the computations 
were valid within that temperature range. The partition coefficients 
are meaningful for comparing the sorption propensities of a solute 
in respect to different polymers at identical temperature and concen- 
tration of the solute in the surrounding medium, since they depend 
both on the vapor pressure of the solute and the solute-solvent 
interaction energy. The comparison is in weight of solute per vol- 
ume of polymer rather than in energy quantities or activity coeffi- 
cients and may thus be more directly pertinent to applied sorption- 
desorption considerations. Further convenience in comparing the 
partitioning of a solute with respect to the two polymers may be 
gained by means of the ratios of the partition coefficients (Table 
1V)Z. It may be noted that a unit volume of polyethylene contained 
almost twice the mole quantity compared to polyvinyl chloride; 
consequently, the partition coefficients do not always follow the 


~ ~~ ~ ~~ ~ 


2 The partition coefficients at 25, 30, 40, 60, and 140" are presented 
in the dissertation. 
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Table IV-Ratios of Partition Coefficients 


n-Butanol 0.154 0.185 0.230 
2-Nitropropane 0.328 0.367 0.426 
tert-Butanol 3.50 3.07 2 62 
Butyl acetate 1.20 1.27 1.36 
Methyl isobutyl ketone 2 . 3 2  2.08 1.82 
Toluene 2.48 2.49 2.50 
Hexane 69.0 45.1 27.2 
Octane 1 49 102 51.6 
Methylparaben 1.40 1 . 1 1  0.845 
Propylparaben 3.18 2.39 I .65 
Chlorobutanol 2.60 2.51 2.49 
Benzyl alcohol 0.096 0.980 0.995 
Phenol 1.08 1.10 1.12 


relative grading obtained from the activity coefficients presented in 
Part I (1). 


Comparison with Data from Other Sources -The results obtained 
in this work concerning the organic solvents correlate with the 
general knowledge of solvent-polymer miscibility; however, there 
is a scarcity of values available for direct comparison. Therefore, 
some additional evidence is presented which has a bearing in sub- 
stantiating these results. 


Martire (12) determined the activity coefficients of several hydro- 
carbons on 11-eicosane which is expected to exhibit interaction char- 
acteristics similar to polyethylene. To make the analogy more valid, 
the values from this work used for comparison are the size-corrected 
activity coefficients : 


hexanein-eicosane: 
hexanelpolyethylene: 
toluene/rr-eicosane: 
toluene/polyethylene: 


It may be seen that, considering the assumptions made, the activ- 
ity coeficients are in good agreement. 


It was shown that the activity coefficients for the toluene-poly- 
ethylene system may be attributed predominantly to configurational 
entropy and could, therefore, be computed from theory. The com- 
parison is presented below: 


experimental 0.0167 
calculated from Reference I 1  0.0172 
calculated from Reference 12 0.0188 


The observed agreement substantiates the results in this work and 
its theoretical premises. For this system R~jierence I1 yielded better 
agreement with experimental values than Reference 12. 


The pharmaceutical literature offers very few possibilities for 
comparison. Autian (23) reported sorption of bacteriostatic agents 
by polyethylene determined by static methodology at 50”. The 
grading of sorption propensities appears to be phenol > benzyl 
alcohol > propylparaben > methylparaben, and it coincides with 
the grading of the activity coefficients in Part I(1). 


y = 0.877 from Reference I2  
y = 0.643 from this work 
y = 0.888 from Reference I 2  
y = 0.982 from this work 


CONCLUSIONS 


The thermodynamic quantities obtained from GLC were mean- 
ingful toward revealing the nature of the interactions in the investi- 
gated systems. The values obtained from theory are approximations 
which should be regarded as indicators for elucidating the interac- 
tions-not as rigorous quantities. This, however, does not detract 


from the value of the presented approach. Its utility for evaluation 
and elucidation of polymer--sorbent interactions is substantiated 
by the evidence from other sources and the consistency with solution 
theory. 
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C O M M  U N I C A  T I O N S  


Ureide Ring Scission of Phenobarbital by 
Sodium Borohydride 


Keyphrnees 0 Phenobarbital-ureide ring scission by sodium 
borohydride 0 Sodium borohydride-used in ureide ring scission of 
phenobarbital 0 Ureide ring scission-reaction of phenobarbital 
with sodium borohydride 


Sir : 
Phenobarbital was found to react with sodium boro- 


hydride in aqueous and organic media, with ultimate 
formation of 2-phenyl-I-butanol. This finding was un- 
expected in view of the report by Smissman el al. (1) that 
phenobarbital was not reduced by sodium borohydride 
in absolute alcohol, tetrahydrofuran, or diglyme. 


Solutions (0.1-1 mg./ml.) of phenobarbital in aqueous 
alkali, methanol, or methanol-ether mixtures were 
treated with excess sodium borohydride, added as the 
solid, and the mixtures were monitored at intervals by 
TLC. When using 0.25-mm. silica gel G F  thin-layer 
plates with chloroform-methanol (4 : 1) for development 
and UV light and iodine vapor for detectio’n, all reaction 
mixtures showed qualitatively identical patterns with 
time. At first, shrinkage of the phenobarbital spot at 
about R ,  0.8 was evident with the appearance of two 
more polar spots, at R,’s about 0.5 and 0.7. After no 
more phenobarbital was detected on the plates, a new 
spot became evident at about Rj 0.9, increasing in size 
and intensity with concomitant disappearance of the 
lower mobility spots until, finally, only this spot was 
visible. The reaction proceeded most rapidly in 0.1 N 
alkali and least in methanol-ether mixtures. Heating a 
solution of phenobarbital with excess sodium boro- 
hydride in 0.1 N sodium hydroxide for 20 min. was 
sufficient to effect complete conversion to R ,  0.9 mate- 
rial. 


A quantity of the ultimate reaction product was pre- 
pared by dissolving 1.06 g. of phenobarbital in 40 ml. of 
0.05 N sodium hydroxide, adding 4 g. of sodium boro- 
hydride in portions, and allowing the mixture to stand 
for 22 hr. at room temperature. TLC of the reaction mix- 
ture showed a single spot at Rj 0.9. Extraction of the 
mixture with two 50-ml. portions of hexane, washing the 
extracts with 10 ml. of water, and evaporation under a 
stream of nitrogen afforded 0.505 g. of faintly yellow 
liquid (73.6 yield based on phenobarbital). The prod- 
uct was characterized by NMRl spectroscopy in deu- 
terochloroform. The signals obtained and their inter- 
pretation are summarized in Table I. 


Elemental analysis showed no nitrogen, and the 
carbon-hydrogen values confirmed the structure of 2- 
phenyl- 1-butanol. 


1 Using a Varian A-60 instrument. 
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Table I-Summary of NMR Spectrum of Phenobarbital 
Reduction Product 


6, 
p.p.rn. 


0.80 


1.65 


2.05 


2.6 


3 . 7  


7.25 


Multiplicity 


Triplet 


Multiplet 


Singlet 


Multiplet 


Doublet 


“Singlet” 


And-Calc. for CloHlsO: C, 79.95; H, 9.39. Found : 
C, 80.30; H, 9.50. 


Although the mechanism or reaction route was not 
investigated, we considered that the first step of the 
reaction might involve hydrolysis of phenobarbital. 
This hypothesis appears untenable, however, because 
no spot corresponding to the primary phenobarbital 
hydrolysis product, phenylethylacetylurea, was seen in 
chromatograms of the reaction mixtures. Moreover, 
phenobarbital was demonstrated to be stable when 
added to reaction mixtures in which the borohydride 
had been allowed to decompose to borate. 


(1) E. E. Smissman, A. J. Matuszak, and C. N. Corder, J.  Pharm. 
Sci., 53, 1541(1964). 
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1,5-Diphenyl-3-dimethylaminopyrrolidine : 
A Long-Acting Histamine Antagonist 


Keyphrases 0 l,S-Dipheny1-3dimethylaminopyrrolidine-evalua- 
tion as potent, long-acting histamine antagonist 0 Antihistamines, 
potential--l,5-diphenyl-3-dimethylaminopyrrolidine 


Sir: 


Antagonism of histamine-induced smooth muscle 
contraction by antihistamines is assumed to occur as a 
result of competitive occupation of tissue receptors by 







Table I-Percent Decrease in Hind-Limb Perfusion Pressure 
Produced by Close Intraarterial Injections of Histamine and 
Methacholine before and after Close Intraarterial 
Infusion of 5 mg. of I 


I 


the antagonist drugs (1, 2). We now report pharma- 
cological data demonstrating that 1,5-diphenyl-3-di- 
methylaminopyrrolidine (I) is a potent histamine antag- 
onist which exhibits a remarkably long duration of 
action. Compound I is a cyclic analog of the ethylene- 
diamine antihistamine phenbenzamine. It was synthe- 
sized as a single racemic diastereoisomer in which the 
3-dimethylamino and 5-phenyl substituents have been 
tentatively assigned the transconfiguration. The syn- 
thesis of I and related compounds will be the subject of 
a future paper. 


When I was studied for antihistaminic activity in 
uitro using the isolated guinea pig ileum (3), it was 
found that concentrations as low as 2 X lks M in- 
hibited the contractile response to histamine. How- 
ever, the antagonistic effect of I could not be readily 
reversed by washing the tissue. Therefore, experi- 
ments were undertaken to compare the duration of 
action of I with that of the potent ethylenediamine anti- 
histamine tripelennamine. The antagonists (as the 
hydrochloride salts) were kept in contact with the ileal 
tissue for 15 min. prior to the addition of agonists. 
The tissue was then washed at 5-min. intervals with 
fresh Tyrode’s solution, and after each wash either 
histamine (4 X lO+ M) or acetylcholine (4 X l k 7  M) 
was added. The concentration of histamine employed in 
these experiments produced a near maximal contraction 
prior to the introduction of antagonists. Figure 1 shows 
the recovery of the response to histamine with time 
after a single exposure of the tissues to the antagonists 


0 10 30 MI 90 120 180 
RECOVERY TIME, min. 


Figure I-Duration of antihistaminic action of I and tripelennamine 
on the isolated guinea pig ileum. Each bar represents the mean of 
three experiments with I or two experiments with tripelennamine. 
Vertical lines represent standard error ( I )  and range (tripelennamine). 
The IOOZ control response is defirred as the mean response to 4 X 
I&’ M histamine in these experiments. 


Histamine - 
Experi- Dose 1 Dose 2 -After Infusion of 1s- 


ment (1-2 mcg.) (2-4 mg.) Dose 1 Dose 2 


1 35 44 4 8 
2 14 27 0 3 


------Control- 


~~ 


Methacholin- 
-dontrol---- 


Dose 1 Dose 2 
Experi- (0.025-0.1 (0.1-0.4 -After Infusion of 1“- 
ment mcg.) mcp.) Dose 1 Dose 2 


1 37 43 35 40 
2 15 23 13 18 


a Agonists were administered in 0.9 % saline solution 20-30 min. 
infusion of I. 


after 


followed by repeated washing. The response to hista- 
mine did not exceed 45 z of control 3 hr. after exposure 
to I (1 X 10-* M final bath concentration), whereas 
recovery after treatment with tripelennamine (1 X 
M final bath concentration) reached 70z of control 
within 10 min. The response to acetylcholine was not 
inhibited by I or by tripelennamine, and the response to 
acetylcholine did not fall below control levels during 
the experiments. 


In other studies with the guinea pig ileum, a concen- 
tration of 4 X M of I produced an 85 z inhibition 
of the contractile response to acetylcholine (4 x 
M). The response to acetylcholine returned to near 
control levels within 30 min. after exposure of the 
tissue to this concentration of 1. These experiments 
demonstrate that I is a much more effective inhibitor of 
histamine than of acetylcholine on the guinea pig ileum. 


Experiments were also conducted on the perfused in- 
nervated dog’s hind limb, employing the preparation 
described by Zimmerman (4) to examine the relative 
effectiveness of I in blocking the direct vasodilator 
responses to close intraarterial injections of histamine 
and methacholine. The results, expressing the vasodila- 
tor responses as percent decreases in perfusion pressure, 
obtained in two dogs are shown in Table I. The direct 
vasodilator effect of histamine was greatly reduced, 
while the perfusion pressure response resulting from the 
direct vasodilator action of methacholine was only 
slightly inhibited. 


The results of the experiments reported in this com- 
munication demonstrate that I is a potent and selective 
histamine antagonist which inhibits both the contrac- 
tile response in guinea pig ileum in aitro and the vasodi- 
lator response in the dog’s hind limb in uiuo. The very 
long duration of action of I appears to be unique among 
selective histamine antagonists and may be an important 
finding with respect to this new antihistamine. We also 
prepared the other diastereoisomer of I and found it to 
be a reversible histamine antagonist, having a pAz 
value of 7.97. 


(1) R. B. Barlow, “Introduction to Chemical Pharmacology,” 
2nd ed., Methuen and Co., Ltd., London, England, 1964, P. 369. 


(2) D. T. Witiak, in “Medicinal Chemistry,” 3rd ed., Part 11, A. 
Burger, Ed., Wiley, New York, N. Y., 1970, p. 1657. 
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(3) Staff of the Department of Pharmacology of the University of 
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Prediction of Dissolution Rates of Drugs 


Keyphrases 0 Dissolution rates, slightly water-soluble powdas- 
prediction from simple mathematics 0 Powders, slightly water 
soluble-dissolution rates predicted from simple mathematics 0 
Powders, volume surface diameter-calculation of surface area 


Sir: 


Hussain (1) recently showed that, by making certain 
assumptions and using simple mathematics, it was pos- 
sible to predict the dissolution rates of slightly water- 
soluble powders using the formula: 


where: 


Q = amount of drug (in grams) dissolved in time, f 
A = surface area occupied by the total weight of the 


S = solubility of the drug (in grams per milliliter) in 


D = diffusion coefficient of the drug (in square centi- 


h = thickness of diffusional layer (in centimeters) 


By assuming that the diffusion coefficient, D, and 
the thickness of the diffusional layer, h, are constant 
at 9 X cm*./sec. and 50 X lo-’ cm., respectively, 
knowledge of only the surface area exposed, A, and the 
solubility, S, of the drug enables the dissolution rate 
Q/t  to be calculated. 


Despite the remarkable correlation between the 
experimental and calculated results for the dissolution 
rates of hydrocortisone, benzoic acid, levodopa, and 


sample 


the dissolution medium 


meters per second) 


griseofulvin, there appears to be a considerable argu- 
ment against the use of such predicted results as a rou- 
tine measure. 


Hussain’s Eq. 3 is in error by a density factor (p): 


number of particles in W grams of powder = ___ (Eq.2) 413rrp 


assuming spherical particles: 


V = 4/3rr’ (a. 3) 


Since the density for benzoic acid is 1.32 (2), the area 
would be overestimated without this correction by 32 %, 
with a corresponding overestimation in the calculated 
dissolution rate. 


Hussain also used the average particle size on an 
arithmetic basis, using the two extremes of the mesh 
fraction in his calculation of the surface area. While this 
may not lead to gross errors for the comparatively 
narrow size ranges considered by Hussain, for larger 
particle-size distributions a better mean size would be 
the volume-surface mean diameter, d,, (3): 


2nd’ 
dw - z- 


and the surface area computed from: 


w x 6  A = - -  
dwP 


Since the volume-surface mean diameter will also be 
larger than the arithmetic mean diameter, this will add 
further to the overestimation of the dissolution rate. 


To explain Hussain’s apparent correlation requires a 
compensating decrease in the value of the area used in 
Eq. 1. This may be due to assuming that the particles 
are spherical, while deviations from either spherical or 
cubical shape will lead to an increase in the constant 
value of 6 given in Eq. 5 .  


Due to the complexity of these compensating mech- 
anisms, it would be rash to adopt Hussain’s method for 
the prediction of the dissolution rate of sparingly soluble 
drugs without further evidence. Hussain’s article dealt 
with particles in powder form only. However, for solid 
dose formulations, where it is known that the total area 
available may not come into contact with the dissolution 
medium due to failures of disintegration (4), or where 
the ingredients may invalidate the diffusion assump- 
tions made by Hussain, we must be prepared to con- 
tinue to determine experimentally the dissolution rate of 
the drug. 


(1) A. Hussain, J.  Pharm. Sci., 61, 811(1972). 
(2) “Handbook of Chemistry and Physics,” 49th ed., The 


(3) G. Herdan, “Small Particle Statistics,” Butterworths, London, 


(4) J. A. Hersey and R. B. Barzilay, J. Pharm. Pharmacol., 21.65 


Chemical Rubber Co., Cleveland, Ohio, 1968-1%9, p. C-180. 


England, 1960, p. 34. 
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optimum to lower pH values and this will result in increased overlap 
of the theoretical and experimental optimum ranges. 


DISCUSSION 


Many authors have recommended (3) a pH range of 7-7.5 for the 
extraction of amine-IX complexes with chloroform or other organic 
solvents. The experimental results of these studies (Table I) indicate 
that the best pH range for these extractions is from 5.2 to 6.4 for 1 : 1 
complexes (I, 11, IV, and VI) and from 3.0 to 5.8 for 1 :2 (amindye)  
complexes (111, V, VII, and VIII). The theoretical results (Table IV) 
indicate a best pH range of 5.6-6.8 for 1 : 1 complexes and of 4.2-6.4 
for 1 :2 complexes. The best pH range was determined from the 
maximum absorbance value &.S% for the experimental data and 
from the maximum theoretical extraction 3 ~ 2 %  for the computer 
data. Since experimental data are not as precise as theoretical data, 
a wider range was allowed on experimental values. Both the experi- 
mental and the theoretical data (Tables I and IV) show that the 
arbitrarily reported pH range of 7-7.5 (3) is not the optimum for a 
maximum sensitivity in the assay technique. Nevertheless, sometimes 
it may be preferable to sacrifice the sensitivity in favor of elim- 
inating the interferences from other ingredients such as in the bio- 
logical systems. At too low pH values (about 3-46). the chances of 
forming hard-to-break emulsions are greater than at  higher pH 
values. The blank absorbance value against pure chloroform is zero 
above a pH value of 6.4. At lower pH values, the blank increases with 
a decrease in the pH, becoming significantly high (0.04-0.05) below 
pH 5. 


It appears that a pH range of about 5.2-6.4 is the best for the ex- 
traction of amine-IX complexes. For 1 :2 (amine-dye) complexes, 
the lower value (5.2) should be preferred. 
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Mississippi-Grown Cannabis satiua L. III: 
Cannabinoid and Cannabinoid Acid Content 


ASAAD N. MASOUD’ and NORMAN J. DOORENBOS* 


Abstract 0 A procedure for the assay of acidic and nonacidic 
cannabinoids qualitatively and quantitatively by chemical frao 
tionation prior to TLC and GLC analyses is reported. Various 
samples of foreign and domestic, wild and cultivated marijuana 
were analyzed. It was demonstrated that cannabinoids occur 
largely as acids, that these acids undergo decarboxylation upon 
storage, and that plants vary significantly in their cannabinoid 
composition due to heredity. 


Keyphrases 0 Cunnabis satim L.-analysis, acidic and nonacidic 
rannabinoids by chemical fractionation prior to GLC and TLC, 
hereditary plant composition and effect of storage on cannabinoid 
content 0 Cannabinoids, acidic, nonacidic-analysis, chemical 
fractionation prior to GLC and TLC, hereditary plant composi- 
tion, decarboxylation during storage 0 Marijuana-analysis, 
acidic and nonacidic cannabinoids by chemical fractionation prior 
to GLC and TLC, hereditary plant composition, and effect of 
storage on cannabinoid content 


The major cannabinoids and cannabinoid acids that 
occur naturally in the various strains of Cannabis sa~iua 
L. (marijuana) plants included in this investigation are 


As-tetrahydrocannabinol (I), its two corresponding acids 
AD-tetrahydrocannabinoic acid A (11) and Ae-tetra- 
hydrocannabinoic acid B (III), cannabidiol (IV), and 
its corresponding acid cannabidiolic acid (V) (1-3). 
It has been established that I is the principal psycho- 
tomimetic compound in marijuana (4). When mari- 
juana is smoked, I1 and 111 undergo decarboxylation 
and are inhaled as I (5 ,  6). This is one reason why mari- 
juana exerts higher activity when smoked than when 
eaten. 


GLC is being used for the quantitative analysis of 
marijuana (7-9), but these procedures do not distin- 
guish between I and its respective acids. The acids de- 
carboxylate rapidly to I in the injection port. Thus, the 
data determined by GLC analysis represent I plus its 
two respective acids. 


The Department of Pharmacognosy at the Univer- 
sity of Mississippi is growing C. satiua L. in order to 
supply analyzed marijuana and marijuana extracts to 
the National Institute of Mental Health (NIMH) for 
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v 
distribution to researchers who, in turn, will study the 
effects of these materials on animals and humans. It 
is essential that analytical methods distinguish between 
cannabinoids and cannabinoid acids in these research 
materials. This report includes the description of the 
first such procedures developed and the results of a 
comparative study of marijuana produced from several 
strains of C. sarioa L. 


EXPERIMENTAL 


Materials-Mexican, Turkish, Swedish, Italian (Carmagnola, 
Fibranova), and French (Fibriman) C.  sariva L. seeds were obtained 
in the spring of 1968 through NIMH. Marijuana produced from 
the plants grown from these seeds in the drug plant garden of the 
University of Mississippi in 1968 and 1969 was utilized in this 
study, along with samples of marijuana collected in September 
1968 from wild plants growing in Iowa and Minnesota. 


Extraction and Fractionation-One gram of plant material, 
finely manicured by passing through a 1-mm. sieve to remove seeds 
and stems and to reduce leaves, flowers, and bracts to m a l l  par- 
ticles, was extracted by shaking overnight with 10 ml. of 95% 
ethanol. The ethanol was removed in vacuo at room temperature. 
The residue was dissolved in 20 ml. of a 1 :I mixture of petroleum 
ether and an aqueous solution of 2% sodium hydroxide and 2% 
sodium bisulfite. Cannabinoid acids dissolve in sodium hydroxide 
but not in sodium bicarbonate or sodium carbonate solutions. 
The sodium hydroxide solution does not extract the nonacid 
caqnabinoids under these conditions, and they remain in the pe- 
troleum ether. Other workers (2, 10) reported similar results and 
attributed these observations to steric hinderance or to chelation 
between the carboxyl and neighboring oxygen functional groups. 
The very low water solubility of phenolic salts of the cannabinoids 
probably contributes to these observations. Sodium bisulfite was 
added to minimize oxidation. The petroleum ether layer was 
separated, washed with water, dried over anhydrous sodium sul- 


Table I-AD-Tetrahydrocannabinol and Its Acids in 
Mexican Strain Marijuana 


Percent - -. . . . 
of Dry Immature Female Female Male Male 


Weight" 1969 1969 1968 1969 1968 


I 0.22 0.16 0.57 0.45 0 .50  
IIandIII 1.00 1.00 0.43 0.71 0.10 


Table II-Cannabinoids and Cannabinoid Acids in Foreign 
Strains of Fiber-Type Marijuana 


Percen t Carmag- Fibri- Fibra- 
of Dry Turkish Turkish nola man nova 
Washto Male Female Swedish (Italian) (French) (Italian) 


I 0.01 0.04 Trace 0.06 Trace Trace 
I IandII I  0.06 0.02 Trace 0.15 0.05 0.13 
IV 0.52 0.44 0.03 0.08 0.08 0 .21  
V 0.60 0.80 0.04 0.10 0.12 0.45 


Each fi ure.represents the average of two determinations that were 
within 102varrance. 


fate, filtered, and evaporated in oacuo to obtain the nonacidic 
cannabinoids. The sodium hydroxide extract was acidified with 
cold 10% sulfuric acid, extracted with ether, washed with water, 
dried over anhydrous sodium sulfate, and evaporated in DUCUO at 
room temperature to  obtain the cannabinoid acids. 


GLC-Both acidic and nonacidic fractions were analyzed using 
an instrument' equipped with flame-ionization detectors and a 
0.31-cm. X 3.1-m.(0.125- in. X 10-ft.) stainless steel column 
packed with 2% OV-17 on 100-120-mesh Gas Chrom Q. Helium 
was used as carrier gas at  40 ml./min. The oven temperature was 
kept at 210". while the inlet and detector temperatures were 250 
and 280", respectively. A steroid internal standard (4androstene- 
3,174ione) was added to each extract. The instruments were cali- 
brated with reference samples of I and IV. The areas under the 
peaks were directly correlated with the concentration of the com- 
pounds (11). The retention time of I was used for the analysis of I 
and its two respective acids. Similarly. the retention time of IV was 
used in the analysis of IV and V. 


TLC--Each sample was examined by TLC to determine if the 
separation of acids and nonacids was complete. 


Plafes-Silica gel GF was coated' at a thickness of 0.25 mm. 
and was activated by warming at  105" for 1 hr. 


Solvent Systems--Both acidic and nonacidic fractions were 
chromatographed in two solvent systems: System A, benzene; and 
System B, hexane-ether-acetic acid (87:12:1). In System A, the 
cannabinoids migrated and separated but the cannabinoid acids 
remained at the starting point. In System B, the acids migrated 
and separated. Thus, it was possible to tell the presence or absence 
of the acids as well as the number of acids in the acid fractions. 
Authentic reference samples of I or IV were always used on each 
plate. 
Detection of Spots-All plates were viewed under a short 


wavelength UV lamp. All of the cannabinoid acids, as well as lV, 
quenched the fluorescent background of the plate and were easily 
detected. After locations of these spots were outlined, the plates 
were sprayed with freshly prepared diazotized benzedine reagent 
(12). This reagent yielded a characteristic yellow-orange color with 
IV, a red-orange color with I, and a brown color with the cannabi- 
noid acids. The Rj values of I in Solvent Systems A and B averaged 
as follows: A = 0.42 and B = 0.36. The R, values (x = I )  of the 
other compounds in both systems were: 11, A = 0.00 and B = 
0.91; 111, A = 0.00and B = 0.86; IV, A = 1.19 and B = 1.11; and 
V, A = 0.00 and B = 0.64. 


RESULTS AND DISCUSSlON 


Only one strain of the marijuana utilized for this study, the 
Mexican strain, is of the drug type (high in AD-tetrahydrocannabinol 
and its acids). Data obtained from the analysis of five samples of this 
strain are presented in Table I. 


The lW9 samples were 6 months old and the 1968 samples were 
approximately 18 months old at  the time of analysis. The lower 
proportion of acid content in the 1968 samples compared with the 
1969 samples suggests that the acids undergo decarboxylation upon 
storage. 


The acidic fraction in System B showed two spots, indicating the 
presence of both I1 and 111. This was further confirmed by the IR 
spectra of the acidic fraction and the methyl ester derivative pre- 
pared by reaction with diazomethane (2). 


a Each figure represents the average of two determinations that were 
within 10% variancc. 


314 0 Journal ojPharmaceutical Sciences 


1 Beckman GC-5 or GC-45. 
2 By a Desaga apparatus. 







Table III-Cannabinoids and Cannabinoid 
Acids in Domesticn Marijuana 


Percent Minne- Minne- Minne- - _..- 


ofDry Iowa Iowa Des sota sota sota 
Weight I I1 Moines I I1 I11 


I 0.34 Trace Trace 0.04 0 .03  0.08 
IIand I11 0.20 Trace Trace Trace Trace 0.04 
IV 0.14 0.38 0.60 0.11 0.07 0.63 
V 0 .25  0.33 0 .33  0 . 2 7  0 .33  0.11 


These sam les. with the exception of Minnesota 111, were collected 
in the wild in teptember 1968. 


The other foreign strains of marijuana produced in the drug 
plant garden in 1969 were of the fiber type (low in AD-tetrahydrc- 
cannabinol and high in cannabidiol). The results of the analyses of 
plants produced in 1969 from these strains are illustrated in Table 
11. 


The cannabinoid acid content of each of these samples w8s higher 
than the corresponding cannabinoids. Although each of these 
marijuana samples was prepared from plants at about the same 
stage of maturity (flowering stage), the cannabinoid content varied 
considerably, the lowest being the Swedish strain which is almost 
devoid of cannabinoids. 


Three samples of marijuana collected in Iowa and two samples 
collected in Minnesota (near Minneapolis) were compared with a 
sample of marijuana grown on campus in 1969 from seed found 
in the Minnesota I marijuana (Table 111). With the exception of the 
Iowa I sample, which contained a moderately high qumtity of the 
active I, 11, and 111. all other domestic varieties investigated con- 
tained mainly IV and V and were almost void of the active entities. 
The change of growing conditions provided to the Minnesota 111 
sample did not change this pattern, i.e., did not trigger the plant 
to produce active entities in any significant quantities. 


SUMMARY AND CONCLUSIONS 


A procedure was developed for the assay of the acidic and non- 
acidic cannabinoids, qualitatively and quantitatively, by chemical 
fractionation prior to  GLC and TLC analyses. Various samples of 
foreign and domestic, wild and cultivated marijuana were analyzed. 
From the data obtained, the following were demonstrated. 


1. Cannabinoids occur in nature as acids or nonacids with 
comparable abundance. 


2. Tetrahydrocannabinoic acids undergo dwboxylation upon 
storage or exposure to heat. 


3. Plants vary signi6mtly in their cannabinoid composition 


4. Change in enviroament does not change the cannabinoid 
due to heredity. 


pattern in plants. 
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Effect af Trichloroacetate Anion on Partition 
Behavior of Tetracyclines 


PAUL R. KLINK and JOHN L. COLAIZZI' 


Abstract 0 The influence of the trichloroacetate anion on the n- 
octyl alcohol-aqueous phosphate buffer apparent partition co- 
efficients of various tetracyclines was determined. At acidic pH 
values, the presence of trichloroacetate caused a significant in- 
crease in the apparent partition coefficients of most of the tetra- 
cycline analogs studied, presumably through intermolecular ion- 
pairing between the positively charged tetracycline ,moiety and the 
trichloroacetate anion. From intermediate to mildly alkaline pH 
values, trichloroacetate had essentially no effect on partitioning. 
The transfer of compounds such as minocycline and 9-dimethyl- 
amino-6-demethyl-6-deoxytetracycline to the n-octyl alcohol phase 
was not as significantly altered by the addition of trichloroacetate, 
apparently because the effect of two charged moieties in each of 
these analogs was not as easily overcome by ion-pair formation. 
The alteration of the apparent partition coefficients of the tetra- 
cycline antibiotics by intermolecular ion-pair formation is discussed 
in terms of its relationship to the absorption of these compounds. 


Keyphrases 0 Trichloroacetate-effect on tetracycline partition 
coefficients, ion-pair formation IJ Tetracycline partition coefficients 
-trichloroacetate effect, ion-pait formation IJ Ion-pair formation 
-effect of trichloroacetate on tetracycline partition behavior 


Irwin et al. (1) defined ion-pairs as neutral species 
formed by electrostatic attraction between oppositely 
charged ions in solution, which are often sufficiently 
lipophilic to dissolve in nonaqueous solvents. The 
concept of ion-pairs was introduced in 1926 to account 
for the low conductance of strong electrolytes in non- 
aqueous solutions (2). Kraus (3) elaborated on the ion- 
pair concept and discussed in mathematical terms the 
electrostatic forces holding ions together in a pair. Ions 
that unite in some fashion to form a pair essentially 
cancel all or part of the charge of each ion, and thus 
there are fewer species in the solution having an exposed 
charge. 


Since the pH-partition hypothesis does not readily 
explain the absorption of highly ionized compounds, 
such as quaternary ammonium compounds, sulfonic 
acids, dextromethorphan, and the tetracyclines, Irwin 
et al. (1) postulated that ion-pair formation and sub- 
sequent transport across the lipid GI barrier may 
constitute an important mechanism for drug absorption. 
By increasing the lipophilic character of isopropamide 
through ion-pair formation, they showed increased 
mydriatic activity in mice. Through the selection of 
appropriate ion-pair formers, the efficiency, rate, and 
uniformity of absorption from the GI tract of other 
highly ionized drugs such as the tetracyclines may also 
be significantly enhanced. The objectives of this in- 
vestigation were: (a) to study the effect of the trichloro- 
acetate anion on the apparent partition coefficients of 
the various tetracyclines, and (6)  to consider the possi- 
bility of ion-pair formation between trichloroacetate 
anion and the various ionic forms of the tetracyclines 
that exist at different pH values. 


EXPERIMENTAL 


The experimental design was similar to that used in determining 
the relative lipophilicity of the different ionic forms of the tetra- 
cyclines (4). The tetracycline analogs were obtained from the same 
sources and were of the same purity as those used previously. 
Phosphate buffers containing trichloroacetate anion were freshly 
prepared. Trichloroacetate was prepared by neutralizing a solution 
of trichloroacetic acid' with a solution of sodium hydroxide'. To 
force the equilibrium to the direction favoring ion-pair formation, 
the concentration of trichloroacetate anion in the buffer solutions 
was 50 times the molar concentration of the tetracycline analog in 
the study, unless specified otherwise. The ionic strength was main- 
tained at  0.1 for all buffers by the addition of sodium chlorides, if 
necessary. The total molar buffer concentration was 0.050 for 
buffers of pH 2.1, 3.0, 3.9, and5.6, but it was reduced for buffers of 
pH 6.6,7.5, and 8.5 to 0.042,0.027, and 0.U25, respectively, so as not 
to exceed the ionic strength of 0.1. The ion content of the water used 
in these experiments was below 0.1 p.p.m. (as sodium chloride) as 
determined by a conductivity meter'. 
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Figure 1-Comparison of the effect of p H  and various concentrations 
of trichloroacetate anion on the n-octyl alcohol-aqueous phosphate 
buffer apparent partilion coefficients for 0.00052 M tetracycline 
hydrochloride at 25". Key: PI, tetracycline hydrochloride and 0.02600 
bl trichloroacetate; 0, tetracycline hydrochloride and 0.00520 M 
trichloroacetate; and A, tetracycline hydrochloride (no trichloro- 
acetate). 


1 Analytical reagent grade, Mallinckrodt Chemical Works, St. Louis, 
2 Analytical reagent grade, Baker Chemical Co., Phillipsburg, N. J. 
3 Certified reagent grade, Fisher Scientific Co., Fair Lawn, N. J. 
4 Barnstead Still and Sterilizer Co., Boston, Mass. 
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Figure 2-Plot showing the effect at 25" of 0.02600 M trichloro- 
acetate on the n-octyl alcohol-phosphate buffer apparent partition 
coefficients of 0.00052 M oxytetracycline hydrochloride at various 
p H  values. Key: [I], oxytetracycline hydrochloride and trichloro- 
acetate; and 0, oxy tet rac ycline hydrochloride. 
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Figure &Plot showing the effect at 25' of 0.02600 M trichloro- 
acetate on the n-ociyl alcohol-phosphate buffer apparent partition 
coefficients of 0.00052 M chlortetracycline hydrochloride at various 
pH ualues. Key: 111, chlortetracycline .hydrochloride and trichloro- 
acetate; and 0, chlortetracycline hydrochIoride. 
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Figure &Plot showing the effect at 25' of 0.02600 M trichloro- 
acetate on the n-octyl alcohol-phosphate buffer apparent partition 
coeficients of 0.00052 M demeclocycline hydrochloride at various 
p H  values. Key: [r], demeclocycline hydrochloride and trichloroace- 
tate; and 0 , demeclocycline hydrochloride. 


The apparent partition coefficients of the tetracycline analogs in 
the presence of trichloroacetate anion were determined as previously 
described (4) for the tetracycline analogs. The procedure was 
carried out for each of four test flasks containing 10 ml. n-octyl 
alcohol saturated buffer solution, which was 5.20 X lo-' M in 
tetracycline analog and 2.60 X 10-8 M in trichloroacetate anion. 
The blank consisted of n-octyl alcohol saturated buffer solution 
containing trichloroacetate anion. 


RESULTS AND DISCUSSION 


Partitioning Experiments-Figures 1-8 illustrate the effects of 
trichloroacetate on the apparent partition coefficients of selected 
tetracycline analogs. At the acidic experimental pH values of 2.1 and 
3.0, tetracycline hydrochloride, oxytetracycline hydrochloride, 
chlortetracycline hydrochloride, demeclocycline (demethylchlor- 
tetracycline) hydrochloride, methacycline hydrochloride, and doxy- 
cycline hyclate exhibited a marked increase in partitioning in the 
presence of a 50 M excess of trichloroacetate anion (Figs. 1-6). On 
the other hand, rninocycline (7-dimethylamino-6-dernethyl-6- 
deoxytetracycline hydrochloride) and 9-dimethylamino-6-demethyl- 
6-deoxytetracycline were not greatly affected at any of the experi- 
mental pH values (except possibly for minocycline at pH 3.9), as 
Figs. 7 and 8 illustrate. 


The very significant increase in the apparent partition coefficients 
at the acidic pH values of 2.1 and 3.0 (Figs. 1-6) can be rationalized 
on the basis of the percent of the cationic form of tetracycline analog 
present. As shown in Fig. 8 of Reference 4,  the tetracycline molecule 
exists predominantly as a cation at  the experimental pH values of 2.1 
and 3.0. Due to the larger concentration of cations, there is greater 
potential for interaction with trichloroacetate. More cations would 
be participating in an ion-pair formation, thus imparting greater 
lipophilicity to the tetracycline system. 


The possible role of intermolecular ion-pair formation in enhanc- 
ing lipophilicity or membrane transfer of tetracycline analogs, as 
reflected by changes in the magnitude of apparent partition coeffi- 
cients, depends upon the molar concentration of the anion available 
for ion-pair formation, as illustrated in Fig. 1 for tetracycline, and 
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II], methacycline hydrochloride and trichloroacetate; and 0, metha- 
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upon the ability or tendency of the analog to pair with other ions. 
In the case of minocycline and 9-dimethylamino-6-demethyl-6- 
deoxytetracycline, it appears that the presence of the two dimethyl- 
amino moieties in each of these analogs apparently limits the effec- 
tiveness of intermolecular ion-pair formation in producing a more 
lipophilic compound (Figs. 7 and 8). 


In the intermediate pH region (beginning at pH 5.6), the trichloro- 
acetate anion appears to have essentially no effect upon the apparent 
octyl alcohol-aqueous buffer partition coefficients of tetracycline 
analogs. As noted previously (4), in the absence of the trichloro- 
acetate anion, the maximbm apparent partition coefficients of the 
various tetracycline analogs occurred at the experimental pH values 
of 5.6 and 6.6, where the existence of isoelectric species of the tetra- 
cyclines is favored. 


In the absence of trichloroacetate anion, tetracycline methiodide 
exhibited essentially no transfer into the n-octyl alcohol phase (4). 
In the presence of trichloroacetate anion, however, transfer was 
exhibited at all pH values studied except at pH 7.5 and 8 3 .  


Biological Implications-Hogben et al. ( 5 )  and Schanker (6) 
indicated that the rate of absorption of various weak electrolytes 
parallels the lipid-aqueous partition coefficients of the unionized 
form of a drug. However, a drug must be in the solution state to be 
absorbed. If a significant concentration of dissolved drug in the 
aqueous contents of the GI tract cannot be achieved, absorption may 
be negligible in spite of a favorable partition coefficient. For optimum 
absorption of dissolved drug, the partition coefficient should not be 
so high that the drug accumulates in lipophilic phases and is denied 
access to aqueous barriers, nor should it be so low tliat the drug 
cannot enter a lipophilic membrane such as the intestinal wall a t  a 
sufficient rate to provide an adequate flux. In the case of the tetra- 
cyclines, it was suggested (4) that there may be a direct relationship 
between apparent octyl alcohol-aqueous buffer partition coefficients 
and quantity of each analog absorbed or quantity of each analog 
necessary to obtain comparable blood levels. The authors also noted 


6 Apparent partition coefficients for tetracycline methiodide in the 
presence of trichloroacetate anion were 0.47 at pH 2.1, 6.23 at pH 3.0, 
0.17 at pH 3.9, 0.02 at pH 5.6, 0.01 at pH 6.6, and zero at the rernalmng 
two pH values. 


that the pH values of highest apparent partition coefficient for the 
various analogs correspond to the pH values a t  which optimum 
antimicrobial activity has been reported (7). This seems to indicate 
that it might be possible to enhance absorption and/or activity by 
increasing the apparent partition coefficients of the various analogs. 


A low gastric pH is essential for rapid dissolution of tetracycline. 
The aqueous solubility of tetracycline is about 100 times greater a t  
pH 1-3 than at  pH 5-6 (8). The oral administration of a 2-g. dose of 
sodium bicarbonate has been shown to reduce significantly the rate 
and the cumulative amount of tetracycline excreted in the urine of 
humans. This observation has been attributed to the fact that the 
gastric pH increased above pH 4, which is less favorable for the 
dissolution of tetracycline (8). 


By maintaining normal gastric pH, a more rapid and complete 
dissolution of tetracycline may be achieved. However, at low pH 
values the apparent partition coefficients of many of the tetracycline 
analogs are markedly lower and this could cause absorption to be 
significantly lower. Thus, it would seem that if the apparent partition 
coefficients of the tetracyclines could be increased at lower pH values 
without greatly affecting dissolution, absorption of the analogs from 
the stomach would be enhanced beyond that suggested by the work 
of Pindell et a f .  (9) in dogs and of Perrin and Vallner (10) in rats. 


Certain anions, such as perfluorobutyrate, perfluoropropionate, 
trichloroacetate, and citrate (11, 12) have been shown to promote 
the absorption of the tetracyclines, although the mechanism has not 
been completely elucidated. Irwin et al. (1) showed that trichloro- 
acetate anion increases both the lipid solubility and the absorption of 
a quaternary ammonium compound, isopropamide, presumably 
through ion-pair formation. This same phenomenon likely accounts 
for the increased partition coefficients of the tetracyclines observed 
in the present study at lower pH values in the presence of trichloro- 
acetate anions. The negative charge of the trichloroacetate anion 
combines with the positive charge of the cationic form of the tetra- 
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cycline molecule, thus forming an intermolecular type of ion-pair 
which is more lipid soluble by reason of being more thermody- 
namically stable in nonaqueous environments. 


Perrin and Vallner (10) utilized 14C-labeled trichloroacetate to 
study the absorption of tetracycline from various buffer systems. 
These authors showed that less trichloroacetate was absorbed into 
the phosphate buffer from the stomach pouch of the rat when 
tetracycline was added to the mucosal fluid, even though both the 
extent and rate of tetracycline absorption were increased by trichlo- 
roacetate. They concluded that tetracycline was not being absorbed 
in conjunction with trichloroacetate. 


In the presence of trichloroacetate, one can expect increased 
partitioning of tetracycline at the lower pH values in the biological 
system due to ion-pair formation. One cannot, on the other hand, 
account for the general effects of the formed complex on the integrity 
of the barrier. If partitioning is increased by a factor of 10 but 
permeability is decreased by 25%, there is a net 7.5-fold increase in 
tetracycline flux. Since the permeability of the free acid species would 
experience a similar decrease due to changes in general membrane 
integrity but, unlike tetracycline, the membrane concentration 
would not be substantially increased by ion-pair formation due to 
the huge molar excess at which trichloroacetate is present in the 
lumen, there would be a decrease in trichloroacetate flux. That such 
geheral effects on membranes occur is well documented for cho- 
lesterol, anti-inflammatory steroids, etc. Therefore, Perrin and 
Vallner's experiment does not rule out partitioning as the dominant 
effect and, based on other considerations, their surface tension theory 
IS questionable. One should point out here that surface excesses 
resulting in lowered surface tensions are determined by the same free 
energy factors that determine partitioning between aqueous and 
lipid phases. 
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Figure I-Plot showing the effect at 25" of 0.02600 M trichloro- 
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Prediction of Dissolution Rates of Drugs 


Keyphrases 0 Dissolution rates, slightly water-soluble powdas- 
prediction from simple mathematics 0 Powders, slightly water 
soluble-dissolution rates predicted from simple mathematics 0 
Powders, volume surface diameter-calculation of surface area 


Sir: 


Hussain (1) recently showed that, by making certain 
assumptions and using simple mathematics, it was pos- 
sible to predict the dissolution rates of slightly water- 
soluble powders using the formula: 


where: 


Q = amount of drug (in grams) dissolved in time, f 
A = surface area occupied by the total weight of the 


S = solubility of the drug (in grams per milliliter) in 


D = diffusion coefficient of the drug (in square centi- 


h = thickness of diffusional layer (in centimeters) 


By assuming that the diffusion coefficient, D, and 
the thickness of the diffusional layer, h, are constant 
at 9 X cm*./sec. and 50 X lo-’ cm., respectively, 
knowledge of only the surface area exposed, A, and the 
solubility, S, of the drug enables the dissolution rate 
Q/t  to be calculated. 


Despite the remarkable correlation between the 
experimental and calculated results for the dissolution 
rates of hydrocortisone, benzoic acid, levodopa, and 


sample 


the dissolution medium 


meters per second) 


griseofulvin, there appears to be a considerable argu- 
ment against the use of such predicted results as a rou- 
tine measure. 


Hussain’s Eq. 3 is in error by a density factor (p): 


number of particles in W grams of powder = ___ (Eq.2) 413rrp 


assuming spherical particles: 


V = 4/3rr’ (a. 3) 


Since the density for benzoic acid is 1.32 (2), the area 
would be overestimated without this correction by 32 %, 
with a corresponding overestimation in the calculated 
dissolution rate. 


Hussain also used the average particle size on an 
arithmetic basis, using the two extremes of the mesh 
fraction in his calculation of the surface area. While this 
may not lead to gross errors for the comparatively 
narrow size ranges considered by Hussain, for larger 
particle-size distributions a better mean size would be 
the volume-surface mean diameter, d,, (3): 


2nd’ 
dw - z- 


and the surface area computed from: 


w x 6  A = - -  
dwP 


Since the volume-surface mean diameter will also be 
larger than the arithmetic mean diameter, this will add 
further to the overestimation of the dissolution rate. 


To explain Hussain’s apparent correlation requires a 
compensating decrease in the value of the area used in 
Eq. 1. This may be due to assuming that the particles 
are spherical, while deviations from either spherical or 
cubical shape will lead to an increase in the constant 
value of 6 given in Eq. 5 .  


Due to the complexity of these compensating mech- 
anisms, it would be rash to adopt Hussain’s method for 
the prediction of the dissolution rate of sparingly soluble 
drugs without further evidence. Hussain’s article dealt 
with particles in powder form only. However, for solid 
dose formulations, where it is known that the total area 
available may not come into contact with the dissolution 
medium due to failures of disintegration (4), or where 
the ingredients may invalidate the diffusion assump- 
tions made by Hussain, we must be prepared to con- 
tinue to determine experimentally the dissolution rate of 
the drug. 
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activity in oioo agahst C. albicuns and A. fumigarus. Like clotri- 
mazole, it was inactive against Crypt. neoformans. 


The data obtained in this study indicate that Compound 27 is 
endowed with good inhibitory activity in oitro and in oioo, which is 
only slightly inferior to that of clotrimazole. 


REFERENCES 


(1) K. H. Biichel (to Farbenfabriken Bayer A&.), Nether- 
lands pat. 6.813.715 (1968); for a rccent reference see also K. H. 
Buchel, W. Draber, E. Regel, and M. Plempel, Anneim.-Forsch., 
22,1260(1972). 


(2) M. Plempel, K. Bartmann, K. H. Biichcl, and E. Regel, 
Deut. Med. Wmhenschr., 94,1356(1969). 


(3) H. Oberste-&ehn, I. Baggesen, and M. Plempel, ibid., 94, 
136x1969); for a recent referena see A. Freis, Anneim.-Forsch., 
22,1289(1972), and following papers. 


(4) C. Musante and P. Giraldi, Gazz. Chim. Ital., 78,662(1948). 
( 5 )  A. Schonberg, Chem. Ber., 58,580(1925). 
(6) R. P. Kurkjy and E. V. Brown, J. Amer. Chem. Sm., 74, 


(7) N. Kharasch and T. C.  Bruice. ibid., 73,324N1951). 
(8) E. Berliner, ibid., 66,534(1944). 


6260(1952). 


(9) N. P. BUU-HO~, Nguya-Hm, J. m, and M. de clercq, 
Rec. Tmo. Chim. Pays-Bas, 6 7931948). 


ganic Syntheses,” collect. vol. Iv, Wiley, New York, N. Y., 1963, 
p. 831. 


(11) G. Coppi, C. Ciani-Bonardi, and R. Genova, Boll, Chim: 
Farm., 108,421(1969). 
(12) W. Draber, K. H. Biichel, and M. Plernpel (to Farben- 


fabriken Bayer A.-G.), S. African pat. 69.04.723 (1970); through 
Chem. Abstr., 73,3537W1970). 
(13) W. Draber. K. H. Biichel, and M. Plempel (to Farbenfab 


riken Bayer A.-G.). Ger. pat. 1,811,654 (1970); through Chem. 
Abstr., 73,4551Oq(1970). 


(10) R. M. Silverstein, E. B . Ryskiewia, and C.. Willard, “Or- 


ACKNOWLEDGMENTS AND ADDRESSES 


Received October 2. 1972, from the Research Labomtories of 
Istituto De Angeli, Via Serio IS, 20139 Milan, Italy. 


Accepted for publication December 1 1,1972. 
The authors thank Dr. A. Gallazzi for analytical data and Mr. E. 


Bellma for assistance in preparing the compounds. 
Ir To whom inquiries should be directed. 


Toxicological and Pharmacological Actions of 
Methacrylate Monomers I: Effects on 
Isolated, Perfused Rabbit Heart 


G. N. MIR, W. H. LAWRENCE, and J. AUTIAN’ 


Abstract 0 A series of 12 methacrylate esters and rnethacrylic acid 
was investigated for activity upon the isolated, perfused rabbit 
heart. Each compound was dissolved in the perfusing fluid and tested 
at concentrations of 1:1OOO, 1:1O,ooO, and 1:lOO.OOO (v/v). All 
compounds reduced heart rate and force of contraction at  one or 
more of these concentrations, and most, but not all, of the com- 
pounds reduced coronary flow rate. 


KeyphPses 0 Methacrylate monomers-toxicological and pharma- 
cological actions, isolated, perfused rabbit heart 0 Medical 
devices-toxicity and pharmacological attions of methacrylate 
esters from dental and surgical uses 0 Methyl acrylic acid estm- 
toxicity and pharmacological actions, related to use in dentistry 
and surgery, cardiovascular effects, isolated, perfused rabbit heart 0 
Toxicity-methacrylate monomers, effects on isolated, perfused 
rabbit heart 


Methacrylate esters are esters of methyl acrylic acid, 
CH?CH(CH1)COOH, and the lower members of the 
series have a penetrating, disagreeable odor which 
may be recognized in tissues of treated animals (1). 
These esters may be polymerized by heat, oxygen, and 
oxygen-yielding compounds. The methacrylate poly- 
mers are widely used in dentistry and surgery as well as 
in many industrial applications. 


Toxicity studies by Deichmann (1) and by Spealman 
el al. (2) indicated that lower members of the meth- 
acrylate esters were acutely lethal to laboratory animals 
due to respiratory depression by all routes of administra- 
tion employed. Lawrence ef al. (3) subjected 11 of the 
present 13 compounds to structure-toxicogenic analy- 


ses and found eight of these 11 compounds to be con- 
sistent with the hypothesis of a common mode of lethal 
activity. 


Various investigators have reported a mild to marked 
irritant effect from application of some methacrylate 
monomers to skin, rabbit eye, wall of the stomach, 
respiratory membranes, and peripheral nerve tissue 
(1, 2, 4, 5) .  Strain (6) reported contact allergic reactions 
in sensitive patients to the residual monomer from 
incompletely polymerized methyl methacrylate den- 
tures. Chronic toxicity feeding studies were conducted 
on rats and dogs by Borzelleca ez al. (7) over a 2-year 
period. They did not find an increased mortality in the 
methacrylate-treated animals and, in fact, noted only a 
few instances of abnormal findings. 


Acrylic polymers, primarily self-curing methyl meth- 
acrylate, have found some use as “bone cements” in 
orthopedics, especially for intramedullary placement of 
prosthetic devices. Hypotensive responses in patients 
shortly after clinical use of the cement have been re- 
ported by several workers (8-10). Cardiac arrests, some 
of which were fatal, have been reported in a few patients 
undergoing such treatment (9, 10) in which methyl 
methacrylate monomer was suggested as the primary or 
contributory cause of the cardiac arrest (10). 


The present study was undertaken to investigate the 
pharmacological and toxicological effects of meth- 
acrylate monomers upon cardiac function, independent 
of their effect upon respiration and peripheral vaso- 
dilator activity. 
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Table 11-Reversibility of Heart Response to Methacrylates RESULTS 


Group mect  


I :  Produced an irreversible effect on 
the isolated heart at all three Methacrylic acid 


Methyl methacrylate concentrations 
Ethyl methacrylate 
Dimethylaminoethyl 


methacrylate 


n-Propyl methacrylate 
rr-Butyl methacrylate 
Isobutyl methacrylate concentrations 
Hydroxyethyl 


rert-Butylaminoethyl 


1,3-Butylene 


2-Ethylhexyl 


Isodecyl methacrylate 
Lauryl methacrylate 


I1 : Produced an irreversible effect on 
the isolated heart at the 1 :lo00 
concentration but not at lower 


methacrylate 


methacrylate 


dimethacrylate centrations 


methacry late 


111: Produced a reversible effect on the 
isolated heart at all three con- 


MATERIALS AND METHODS 


Materials-The monomers included in this study are all liquids 
at room temperature, and they constitute the following: methacrylic 
acid’; methyl’, ethyl’, n-butyll, isobutyll, isodecyll, lauryll (do- 
decyl), hydroxyethyll, ferf-butylaminoethyll, dimethylaminoethyll, 
n-propyl’, and 2-ethylhexyl’ methacrylates; and 1,3-butylene di- 
methacrylatel. 


Methods-lsolated rabbit hearts were perfused using an Ander- 
son coronary perfusion apparatus. A twin reservoir system was 
employed, one containing normal Locke’s solution and the other 
the test substance dissolved in Locke’s solutiona, in which a uniform 
hydrostatic pressure was maintained to provide a constant perfusion 
pressure and to permit rapid changes from one solution to the other. 
Heart rate and force of contraction were recorded with a polygraph‘ 
by placing a small hook in the apex of the heart and passing a liga- 
ture over a pulley to a force-displacement transducer6 which was 
calibrated to produce 1 cm. deflection/g. of force applied. The out- 
flow from the heart was collected in a small graduated cylinder at 
specified time intervals to determine the coronary flow rate. 


Hearts from small rabbits (1.5-2.0 kg.) were used throughout this 
study. Each heart was perfused for a 2emin. equilibration period 
prior to initiating the experiment, with the tests being conducted 
during the following 90 min. Preliminary studies using only normal 
Locke’s solution did not reveal any functional abnormality in the 
isolated, perfused heart for approximately 2 hr. or more. 


All compounds were tested at three fixed concentrations, 1 : IOOO, 
1 : lO,OOO, and 1 : 100,OOO (v/v), in Locke’s solution. When cardiac 
activity had stabilized, the test solution was introduced as the 
perfusate for 1 min. and immediately thereafter normal Locke’s 
solution was perfused to permit recovery of the heart. The effect of a 
test solution was deemed “irreversible” if cardiac activity had not 
made a significant return toward control levels within 30-35 min. of 
perfusion with normal Locke’s solution. If at any time the heart 
failed to return to control levels of activity, it was replaced with a 
fresh one before proceeding with the next test. Each methacrylate 
concentration was tested five times. Effects of the test solution were 
determined by quantitating the three parameters (rate and force of 
contraction and coronary flow rate) of the heart at its stabilized 
activity immediately prior to perfusion of test solution and compar- 
ing these to the values obtained from the heart at its plateau activity 
near the end of, or immediately following, perfusion with the test 
solution. 


1 Rohm & Haas. Philadelphia. Pa. 
* K & K Labs., Inc., Plainview, N. Y. 
“he Locke solution contained 9.0 g. NaCI. 0.42 g. KCI. 0.24.g. 


CaC12, 0.15 g. NaHCOa. and 1.0 g. glucose/l. It was oxygenated wlth 
95% oxygen and 5 %  car?’” dioxide, and the perfusate temperature 
was maintained at 37 f 0.3 . 


4 Grass model 7. 
A Grass FT 03C. 
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When dissolved in Locke’s solution and perfused through isolated 
rabbit hearts, methacrylic acid and the 12 methacrylate esters 
produced significant effects upon the heart at one or more of the 
three concentrations employed. A summary of the mean values and 
standard errors is presented in Table I for cardiac rate, force of 
contraction, and coronary flow. The data also show which changes 
are significant by Student’s t test and the magnitude of the change as 
percent change from control values. The methacrylate perfusion 
produced cardiac standstill in five of the test solutions employed. In 
these cases, the heart stopped in systole and coronary flow ceased or 
was reduced to negligible amounts (responses were recorded as zero), 
with a - 100% change from control. 


These methacrylates may be rather equally divided into threc 
categories (Table 11) as to those which, under the conditions of thesc 
experiments: (a) produced irreversible effects upon the isolated 
heart at all three concentrations tested, (b)  produced irreversible 
effects on the isolated heart at highest concentrations but reversible 
effects at lower concentrations, and (c)  produced reversible effects 
upon the isolated heart at all three concentrations tested. 


DISCUSSION 


Although the acute lethality of methacrylate monomers has been 
reported to result from respiratory depression ( I ,  2), more informa- 
tion was needed concerning the pharmacodynamic (or toxicological) 
activity of these compounds upon a relatively simple system: the 
isolated, perfused rabbit heart. Examination of the data in Table I 
reveals that most of the methacrylate-containing perfusing solutions 
produced a significant ( p  5 0.05) reduction in cardiac rate and force 
of contraction, with the effect upon contraction generally being of a 
greater.magnitude. This was true whether or not the effect was 
reversible. In approximately one-half of the test groups, there 
was also a significant ( p  5 0.05) change in coronary flow rate; 
this change was usually a reduction but, in several instances, it was 
an increase. 


From the toxicological aspect, it would be desirable to rate or 
rank such compounds according to their toxicological liability. 
However, there appears to be no single criterion upon which to base 
such a comparison since the magnitude of change in these three 
characteristics varies from one methacrylate to another. For 
example, the 1 : 10,OOO concentration of n-butyl methacrylate re- 
duced heart rate by 13.897, force of contraction by 53.3%, and 
coronary flow by 41.2%, while the same concentration of isobutyl 
methacrylate reduced rate by 17.4%, force by 25.6%. and flow by 
2.0%; this concentration of ethyl methacrylate reduced rate by 
17.8%, force by 73.3%, and flow by 57.9%. Thus, while the reduc- 
tion of rate was comparable for all three monomers (13.8, 17.4, and 
17.8%), the reduction in force of contraction and coronary flow 
varied tremendously (force = 53.3, 25.6, and 73.797. respectively; 
flow = 41.2, 2.0, and 57.9%, respectively). For any particular 
methacrylate, the response obtained demonstrated a concentration- 
dependent relationship for each experimentally measured variable. 


Table 111 presents these 13 methacrylates ranked in order of their 
relative effects upon the parameters indicated. The compounds are 
listed .in decreasing order of acute toxicity to mice (intraperi- 
toneally), with the acute LDao values for each. The effect of the 
compound upon each function of the isolated heart was expressed as 
the average mean response to the three standard concentrations, and 
this value is given in parentheses following each ranking number. 
These were ranked from 1 to 13, with 1 producing the greatest 
reduction and 13 the least reduction. Examination of these data or 
the more detailed data in Table I suggests a relatively greater 
reduction in force of contraction and cardiac rate than upon coro- 
nary flow. 


The data presented, their reproducibility, and discussions to this 
point have been based upon volume quantities or concentrations of 
methacrylates. To obtain an estimate of the activity of each meth- 
acrylate upon these three parameters by molar concentrations of the 
compounds, the mean percent change from control was plotted 
against the molar concentration in the perfusate and a “best-fit” 
curve was drawn through these three points. The molar concentra- 
tions versus percent change for heart rate, force of contraction, and 
coronary flow rate are shown in Figs. 1, 2. and 3, respectively. It is 
readily apparent that these three-point curves are estimates; 







Tabk III-Relative Activity of Methacrylates of Equal Volume to Volume Dilutions. 


Acu.te LDw, Intra- 
peritoneal, M m ,  Relative Effect upon Isolated Rabbit Heart- 


Compound (Monomer) ml.lkg. Rate Contraction Coronary Flow 


Methacrylic acid 
Dimethylanunoethyl methacrylate 
tert-Butylaminoethyl methacrylate 
Hydroxyethyl methacrylate 
n-hopyl methacr late 
Methyl methacry& 
Isobutyl methacrylate 
Ethyl methacrylate 
n-Butyl methacrylate 
2-Ethylhexyl methacrylate 
1 J-Butylene dimethacrylate 
Isodecyl methacrylate 
Lauryl methacrylate 


0.048 3 (-52.0%) 4 (-58.5%) 
0.104 1(-73.0%) 1(-84.9%) 
0.190 9(-12.6%) 11 (-17.9%) 


1.121 10 (- 12.3%) 6 (-42.6%) 
1.198 2(-55.7%) 2 (-74.0%) 
1.340 6 (-19.0%) 8 (-39.5%) 


0.497 5 (-24.5%) 7 (-40.8%) 


1.369 4 (-41.2%) 3 (-64.0%) 
1.663 7 (-16.5%) 5 (--46.0%) 
2.614 11 (-8.37) 10(-20.3%) 
3.598 8(-13.3%) 9 (-35.8Z) 
3.688 12(-6.3%) 12 (-13.2%) 


24.897 13 (-3.6%) 13 (-8.9%) 


0 Relative activity determined by using the mean responses obtained at the three standard concentrations tested (1 X lo-:, 10-4. and lo-’ v/v). 
b + indicates an increase over controls, with higher numbers indicating a greater increase. 


Table N-Relative meet of Perfusing Methacrylates upon Three Functions of the Isolated Heart at Equimolar Concentration 


Acute LDw, 
Intraperitoneal, 


Mice, moles/ Relative Wect upon Isolated Heart’ - 
Compound (Monomer). 104 g. Rate Contraction Coronary Flow 


Methacrylic .mid 0.564 3 (-63.5%) 5 (-64.9%) 
Dimethylarmnoethyl methacrylate 0.618 10 1’ 


Isobutyl methacrylate 8.398 6 (-23.5%) 9 (-43.9%) 


tert-Butylaminoethyl methacrylate 0.937 10 (- 16.573 11 (-28.0%) 
Hydroxyethyl methacrylate 4.060 5 (-28.5%) 7 (-48.0%) 
n-Ropy1 methacrylate 7.821 9 (-17.4z) 6 (-57.5z) 


n-Butyl methacrylate 10.481 8 (-20.0%) 4 ( -65 .5%)  
Ethyl methacrylate 10.896 4 (-36.9%) 2(-85.5%) 
Methyl methacrylate 11.217 2 (-75.0%) 2 (-85.5Z) 


10(-30.4%) 2-Ethylhexyl methacrylate 11.571 11 (-13.OX) 
Isodecyl methacrylate 14.251 12 (- 11 .O%) 12(-21.9Z) 
1,3-Butylene dimthacrylate 16.063 7 (-21 .OX) 8 (-47.0%) 
Lauryl methacrylate 84.531 13 (-8.0%) 13 (-17.3%) 


a Compounds listed in decreasine order of lethal potency on a mole basis. Ranking is based upon relative effects produced by the compound at a 
concentration of 2 X 10-8 molefl. in the perfusing solution as estimated from. Figs. 1-3. A rank of I represents the greatest depressant effect. while 
that of 13 is the least depressant. In the case of coronaryflow rate, a plus value indicates an increase in flow rate, with the higher number: representing 
the greater increase. Percentage change from control is given in parentheses. This compound roduced cardlac standstill at a concentration of 0.59 X 
10-8 M. while a concentration of 0.059 X 10-Dmole/l. reduced rate by 19 %, contraction by S f % ,  and coronary flow by 2%. 


arguments for other “lines of best fit” could be made for some, 
particularly those in which cardiac standstill has O C C U K ~ ~ ,  since the 
- 100% point could readily be shifted to the left by data intermedi- 
ate between those presented. Such a shift would, of course, show an 
increased potency for the compound upon the parameters in 
question. Although only approximate, the curves show the patterns 
of activity and the relative magnitudes of potency of the various 
compounds on a molar basis. 


Examination of these figures reveals considerable similarity 
between the effects that a compound produces upon heart ,rate and 
force of contraction; this appears to be true on a qualitative basis for 
all compounds in this series. When comparing these to  changes in 
coronary flow rate, a few of the compounds (e.g., methyl and ethyl 
methacrylates) still produce similar curves; however, many of these 
compounds produce response curves of a grossly different shape or 
magnitude. 
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Figure 1-Effects of methacrylates upon MIe of contraction of isdated rabbit heart. Key: I = methacrylic acid, I I  = methyl 
methacrylate, 111 = ethyl methacrylate, IV = n-propyl methacrylate, V - n-butyl methacrylate, VI = isobutyl methacrylate, V l l  = 
2-ethylhexyl methacrylate, VIII = isodecyl methacrylate, I X  = loury1 methacrylate, X = 1,3-butylene dimethacrylate, X I  = hydrox- 
yethyl methacrylare, XI1 - tert-butylaminoethyl methocrylate, and XU1 = dimethylaminoethyl methacrylate. 
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see Fig. 1.) 


of isdated rabbit heart. (For Key, see Fig. I . )  


To facilitate equimolar comparisons, a perfusate concentration 
of 2 X 10-* mole/l. was selected and the approximate responses 
were obtained from the curves shown in Figs. 1-3 and ranked for 
each cardiac parameter. These data are presented in Table IV, in 
which the monomers are ranked in order of decreasing acute 
intraperitoneal toxicity to mice, with LDSo values expressed as 
moles/lO’ g. of mouse. 


A comparison of Table 1V with Table llJ indicates that most of 
the compounds exhibited similar ranking according to their effect 
upon the isolated heart, whether they were considered on the basis 
of average response to the three standard volume to volume con- 
centrations (Table 111) or response produced by a 2 X 10-’ 
M solution (Table IV). The relative ranking of these com- 
pounds by these two methods of comparison differed by more than 
the adjacent rank in only one case (effect of methacrylic acid upon 
coronary flow rate). There were a number of instances, however, 
where the rank moved up or down to the adjacent number. 


SUMMARY 


The action of a number of methacrylates was examined using the 
isolated, perfused rabbit heart. Dimethylaminoethyl methacrylate 
exhibited the most potent effect upon the isolated heart, producing 
cardiac standstill at a dilution of 1 : 10,OOO (v/v) (0.59 X 10-I mole/ 
I.), while lauryl methacrylate showed the least depressant effect upon 
the isolated heart at the concentrations tested. All of the meth- 
acrylates tested, at all concentrations employed, produced a relative 
increase in coronary flow (coronary flow per gram of contraction) 
or did not alter it when compared to pretreatment control values. 
The only exception observed was when the test solution produced 
cardiac standstill. Although cardiac failure may not be the primary 
cause of death from methacrylate esters in animals, these compounds 
do show some marked effects upon the isolated heart, and some 
clinicians have implicated one of them (methyl methacrylate) in 
certain clinical cases of cardiac arrests observed during the use of 


“acrylic bone cement.” Dose-response data are presented based 
upon both molar concentrations and volume dilutions of these 
compounds. 
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PHYSICAL PHARMACY 


This review of the literature represents a comprehen- 
sive cross section of the research and development effort 
in various selected disciplines of pharmaceutical 
sciences. As in past years, the scope of this endeavor has 
been limited to a review of the area of pharmaceutics 
because annual reviews of the literature related to other 
areas of pharmaceutical sciences are published elsewhere. 
This is the 11th annual survey of the series (1-10). To 
compile it, numerous journals, periodicals, and selected 
sections of Chemical Abstracts were abstracted. 


The review was prepared to provide a convenient 
method for pharmaceutical scientists to review the 
literature of the past year and to supply a source of 
references to articles of preferred interest. To maintain 
continuity, the well-accepted format of last year's 
review was retained. 


GENERAL PHARMACY 


A comprehensive review of the biosynthesis, chem- 
istry, stability, analytical methods, metabolism, and 
biology of the prostaglandins was presented by Oester- 
ling et al. (11). Other reviews appearing over the past 
year in the general area of pharmacy concerned formula- 
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tion of aspirin (12), use of polymers for pharmaceutical 
applications (1 3), boron compounds of pharmaceutical 
interest (14), application of silicones in pharmacy (1 5) ,  
use of silicates in the pharmaceutical area (16), and 
pharmaceutical properties of dimethyl sulfoxide (17). 
Statistical data were presented on the results of quality 
control of raw materials in the Brazilian pharmaceutical 
industry between 1940 and 1968 (1 8). The extent of drug 
product recalls occurring over an 18-month period and 
the types of product quality defects and their significance 
were discussed (19). Examples for each type of product 
quality defect were cited. A review was presented on the 
chemical and physical incompatibilities in drug solu- 
tions, emulsions, suspensions, salves, and capsules and 
their effects within the biological system (20). As an 
example, streptomycin in combination with anionic 
compounds, such as sodium alginate, exhibited greater 
antimicrobial activity than that observed for the sulfate 
derivative. 


Preservatives-In a study relating cetrimonium bro- 
mide (cetyltrimethylammonium bromide) concentra- 
tions with the {-potential of the bacterial cell wall, this 
agent completely inhibited the growth of Streptococcus 
faecalis at a concentration producing only a 10-30x 
decrease in the absolute value of the {-potential (21). 
These results seem to  indicate that the primary site of 
attack of this compound is probably not the cell wall. 
During studies on the antimicrobial efficacy of 4- 
hydroxybenzoic acid esters, a direct relationship 
between the lipid-water partition coefficient and anti- 
microbial activity was indicated (22). Introduction of a 
hydroxy or 0x0 group into the alkyl ester chain in- 
creased water solubility, but it decreased antimicrobial 
activity. Likewise, it was shown in a study of a series of 
homologous aliphatic amines that inhibition increased 
with increasing alkyl chain length and the maximum was 
reached at CI~-CI~  (23). The poor inhibitory effect of the 
longer chain molecules was thought due to micelle 
formation, with concomitant lowering of the solubility. 
In determining the antibacterial activity in a series of 
quaternary ammonium compounds, it was found that 
the length of the side chain was less determinant in the 
case of Gram-negative bacteria (24). This was at- 
tributed to the differences in the cell wall lipid concen- 
tration between Gram-negative and Gram-positive 
bacteria. 


Pseudomonas aeruginosa cells grown in the presence of 
phenylethanol were more sensitive to the action of 
benzalkonium chloride, chlorhexidine, and phenyl- 
mercuric nitrate than cells grown in nutrient broth alone 
(25). This suggested the use of phenylethanol as a co- 
preservative when using these other agents. Bradshaw 
et al. (26) were able t o  predict the degree of inhibition of 
cetylpyridinium chloride in combination with a non- 
ionic surfactant on microbial cells at higher concentra- 
tions. However, at lower concentrations of bactericide, 
other factors, such as changes in cell wall permeability, 
made this prediction less possible. It was also deter- 
mined that polysorbate 80 antagonized the activity of 
fenticlor against exponential phase cultures of Sruphylo- 
coccus aureus, Proteus vulgaris, and Escherichia coli 
(27). In the same study, it was demonstrated that phenyl- 
ethanol enhanced activity against similar cultures. 


The effects of glycerol and propylene glycol on 
microbiological contamination of some oil-in-water 
emulsion ointment bases were determined (28). While 
glycerol stimulated the growth of molds and yeasts with 
the simultaneous decrease of bacteria, propylene glycol 
gave microbial purity. However, in another study with 
preservation of oil-in-water emulsions, it was found that 
propylene glycol caused apparent partial antagonism of 
potassium sorbate in these systems (29). Sterilization of 
contaminating bacteria by solutions of phenylmercuric 
nitrate and thimerosal was delayed or prevented by 
addition of edetate (EDTA) or sodium thiosulfate, but 
metabisulfite reduced the sterilization times of both 
these agents at  acid pH (30). The antibacterial activity of 
sodium metabisulfite appeared to be due to an interac- 
tion with bacterial DNA. 


Methods for the rapid screening of preservatives for 
pharmaceutical and cosmetic preparations, based on 
instrumental monitoring of indexes of cell development 
that occur early in the growth cycle and that are sus- 
ceptible to preservative agents, were reviewed (31). In 
another review, the relative sensitizing potentials of 
parabens, sorbic acid, phenolics, formaldehyde, mer- 
curials, quaternary ammonium compounds, betaines, 
dimethoxane, and dihydroacidic acid were discussed 
because they are used in cosmetic emulsions and derma- 
tological preparations (32). Combinations of benz- 
alkonium chloride, chlorhexidine, phenylmercuric ni- 
trate, chlorocresol, and chlorobutanol with phenyl- 
ethanol were consistently effective in preserving 
ophthalmic solutions (33). Polymyxin and benzyl 
alcohol were also found to  be suitable preservatives for 
ophthalmic drops (34). However, the use of an antibiotic 
as a preservative was regarded as unadvantageous. 


The safety of intravenously administered benzyl 
alcohol and paraben preservatives was ascertained (35). 
The higher antibacterial activity of benzyl alcohol, 
shown in challenge tests, plus its comparable tolerances 
to parabens favor the use of benzyl alcohol as a preser- 
vative. A study was made of eight substituted phenolic 
preservative solutions in 2 polysorbate 80 (36). These 
results showed less sorption into polyethylene than from 
aqueous solutions, but the micellized systems were not 
adequately preserved. Several common preservatives that 
are absorbed by filter paper, rubber stoppers, and in- 
organic adjuvants or that react with organic macro- 
molecular compounds were discussed (37). Preservatives 
preferred or considered not suitable for different 
pharmaceutical preparations were also listed. 


Other articles of interest related to the subject of pre- 
servatives are listed in Table I. 


Flavor, Aroma, and Color-Additions to the list of 
Generally Regarded As Safe (GRAS) substances made 
in 1970-1971 and their maximum use levels were 
tabulated (52). The concept of “toxicological insignifi- 
cance” was explained, and data on total daily per capita 
intake of flavoring substances were presented. A review 
of the classification of the components of taste, meth- 
odology, choice of flavor, control, and stability of taste- 
masking drugs was presented (53). It was pointed out 
that flavoring of a drug includes two processes: the 
masking of the disagreeable taste and aromatization 
(54). Prescriptions for flavoring were given using sac- 
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Table I-Additional References on Preservatives 
~ 


Ref- 
erence Topic 


38 


39 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


50 


51 


Evaluation of parabens for protection against fungal 
and bacterial contamination 


Uses of preservatives based on esters of phydroxy- 
benzoic acid 


Physicochemical properties and antimicrobial efficacy 
of 4-hydroxybenzoic acid esters 


Effects of pH on the multiplication of a pseudomonad 
in chlorhexidine and cetrimide 


Influence of polyethylene glycol gels on the effectiveness 
of preservatives (ninpagin and Fenosept) 


Studies demonstrating that the USP XVIII preservative 
test is adequate for the intended purpose 


Discussion on adsorption of antiseptic substances by 
filtration membranes 


Effects of antioxidants on the long-term utility of ethyl 
linoleate as a water-holding lipid for topical postburn 


~~ 


treatment 
ComDosition and antimicrobial DroDerties of essential . -  


oils of ine 
Effects ofthe addition of antioxidants on changes oc- 


curring in pine oil 
Selection, control of activity, efficacy after inoculation, 


and determination of germicidal potency of preser- 
vatives for cosmetics 


Choice, activity, and effectiveness levels of preservatives 
for cosmetics 


Protection of cosmetics by synergistic mixtures of preser- 
vatives and bactericides 


Fat-soluble preservatives for oil-in-water emulsions only 
effective with solvents that increase water solubility 


charin, chocolate, vanilla, caramel, orange essence, and 
raisin juice in different combinations. The flavor chem- 
ist’s greater reliance on the results of instrumental 
techniques, the faster development of new aromatics 
from laboratory curiosities to accepted standard items, 
and the increasing number of new materials and meth- 
ods determine today’s trend in flavors (55). Hofmann 
(56) reviewed and discussed the several theories explain- 
ing the relation between sweetness and chemical struc- 
ture. A study of several stereoselectively sweet amino 
acids molecules led to a prediction of the presence and 
approximate location of a third structural feature, rela- 
tive to the currently postulated A-H/B features in the 
glucophore (57). A relationship between the polariz- 
ability parameter and sweetness level in a series of sub- 
stituted nitroanilines led to the hypothesis that this 
third binding site may be involved in dispersion bonding 
with an appropriate receptor feature. 


An encyclopedic evaluation of the literature in the 
perfumery materials field was continued by Bedoukian 
(58) in his 28th annual review. It was pointed out that 
modern perfumery is no longer a question of merely 
adding a harmonious blend of materials in proper 
concentrations (59). It involves chemical interactions, 
research, packaging, testing, and fragrance selection, 
coupled with the application of perfumes to a wider 
range of products. It was urged that fragrance materials 
be examined in their use environment (60). Since it has 
been demonstrated that fragrance materials associate 
with protein, factors that influence efficacious per- 
fumery of protein materials can be considered in a new 
way. Encapsulation of fragrance material was postu- 
lated as a means for overcoming difficult problems (61). 
A water-soluble capsule would protect the fragrance up 
to the time of use. 


In studying odor sensations arising from the 1,2,4- 
triaxial arrangement of the substituents in a decalin ring 
system, it was determined that the position of an oxygen 
function within the triaxial system moves the odor 
sensation in the direction of different but distinct 
qualities (62). On the other hand, the surroundings of 
the center triggering the odor, as well as the chemical 
nature of the oxygen substituent, seemed to be of minor 
importance. In discussions concerning the relationships 
observed between odor and molecular structure, it was 
stated that small differences in structure can create 
changes in potency in some cases, changes in quality in 
others, and changes in both quality and potency in still 
others (63, 64). 


Stability-The stability of neutral regular insulin was 
compared to conventional acid regular insulin (65). The 
increased stability of the former warrants its considera- 
tion as a pharmaceutical form of soluble regular insulin 
and as a replacement for the conventional acidic form. 
Seydel and Voigt (66, 67) conducted extensive studies on 
the stability of amino acid solutions. Stability results on 
individual amino acids and on combinations of amino 
acids alone and with various preservatives were re- 
ported. The stability of amino acids in aqueous solutions 
of casein hydrolysate stored at various temperatures was 
examined (68). Only glutamine and cysteine were rapidly 
degraded in this system. In a further study, these same 
workers determined that lyophilization significantly 
enhanced stability of the amino acids (69). Macro- 
molecules such as bovine serum albumin and macro- 
cyclon effectively enhanced the stability of aromatic 
nitrogen mustards, including chlorambucil, while not 
necessarily altering the antitumor activity of these 
compounds when given concurrently (70). 


The causes of coloring of sulfonamide suspensions 
with prolonged action were investigated (71, 72). It was 
determined that with the proper use of antioxidants, 
adjustment of pH, and nitrogen flushing, coloring could 
be eliminatkd. In a study on the thermal degradation of 
sulfonylureas, results indicated that dissociation rather 
than solvolysis was the most likely mechanism by 
which sulfonylureas undergo breakdown in alcohols and 
water (73). Procaine hydrochloride was successfully 
stabilized by the addition of methylidene, glycerin, and 
propylene glycol (74). The mechanism postulated for 
protection was a pseudochelating action. It was shown 
that dipyrone degradation was not subject to pH in the 
4.8-8.8 range and that the probable mechanism of 
degradation was oxidation (75). It was suggested that 
improved stability could be obtained by flushing the 
headspace with an inert atmosphere and by incorporat- 
ing a suitable antioxidant. 


A stabilized phenylephrine hydrochloride nasal drop 
formulation was described which contained methyl- 
paraben, propylparaben, and sodium bisulfite with a 
pH adjustment of 5-6 (76). The decomposition of 
aspirin (acetylsalicylic acid) and possibilities for its 
stabilization in a solid dosage form were discussed and 
reviewed (77). During an investigation of the decompo- 
sition of physostigmine salicylate during thermal 
sterilization, it was determined that the quantity of 
decomposition in ampuls depends on the quantity of 
oxygen present in the solution (78). The replacement of 
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Table II-Additional References on Stability 


Ref- Ref- 
erence Topic erence Topic 


86 


87 


88 


89 


90 


91 


92 


93 
94 


95 


96 


97 


98 


99 


100 


101 


102 


103 


104 
105 
106 


Hydrolysis of aspirin (acetylsalicylic acid) in a mixture 
of polyethylene glycol 4000 and water 


Stability of tablets with an aspirin (acetylsalicylic acid) 
base in tropical environments and requirements of 
packaging 


Stability of aminopyrine (aminophenazone) and allo- 
barbital in a liquid. Pabialgin preparation 


Thermal decomposition of a rmxture of aminopyrine 
(aminophenazone), allobarbital, and cycloadiphenine 
in cetyl phthalate 


Heat stability of eight samples of anti-yellow fever 
vaccine from various countries 


Determination of stability of ergotamine and ergo- 
metrine in ergot extract as injectable solutions 


Effect of different ions on the stability of carbazo- 
chrome sodium sulfate 


Decomposition of sorbitol in acid solution 
Solid-state stability of anhydrous morphine hydro- 


chloride 
Stability of dihydrotriazine in solution and dihydro- 


triazine pamoate in aqueous suspension 
Effects of surfactants on the degradation of 2a,3a- 
epithio-5a-androstan-l7@-ol and related compounds 


Stability of 2~~,3a-epithio-Sa-androstan-l7@-yl l-me- 
thoxycyclopentyl ether in tablets and capsules 


Determination of storage conditions for 2 2  pilocarpine 
hydrochloride solutions by accelerated decomposi- 
tion method 


Stability of 5-bromo-2’-deoxyuridine in solid state and 
in solution at different pH values 


Glucose stability in a concentrated plasma-replacing 
Ringer solution 


Determination of stability of some benzodiazepines in 
pharmaceutical dosage forms 


Effect of pH on the stability of aceclidine and oxyli- 
dine parenteral solutions 


Incompatibilities of selected cardiovascular and psy- 
chotherapeutic agents in solutions containing sodium 
ethacrynate 


Stability of amphetaminyls in aqueous suspension 
Hydrolytic decomposition of trantelinium bromide 
Stability of ephedrine hydrochloride solutions during 


steam sterilization 


107 


108 
109 
110 


111 


112 


113 


114 
115 


116 


117 
118 


119 


120 
121 


122 
123 


124 


125 
126 


1 27 
128 


129 


130 


Determination of stability of seven types of insulin 


Alkaline hydrolysis of phenobarbital 
Enzymic hydrolysis of pilocarpine 
Instability of sulfathiazole with polyethylene glycol 


600 gels 
Compatibility of sodium lauryl sulfate with 119 various 


drugs 
Incompatibility of ethacridine (Rivanol) with poly- 


ethylene glycols 
Stability of aspirin (acetylsalicylic acid) in different 


suppository bases 
Stability of aspirin (acetylsalicylic acid) in coated pills 
Stabilization of aqueous drug forms during heat steril- 


ization 
Optical behavior of sucrose solutions in the inversion 


process 
Method for reducing discoloration of glucose solution 
Oxidative degradation of terbutaline in aqueous solu- 


tion 
Effects of UV radiation on drugs in hard gelatin cap- 


sules 
Effects of UV rays on dyes used in cosmetic products 
Evaluation of the quality of drugs from the view of their 


stability 
Stabilization of buffered pilocarpine drops by freezing 
Discussion of problems of stability of plasma sub- 


stitutes 
Stability of inclusion compounds of deoxycholic acid 


and P-cyclodextrins in dosage forms 
Shelflife of some injection formulations 
Stability predictions for pharmaceutical preparations 


Stabilization of various eyewash solutions 
Determination of the stability of meperidine (pethi- 


dine) hydrochloride solutions in polyethylene con- 
tainers 


Stability of hexahydroadiphenine, ethionamide, and 
aminophylline in lyophilic suppository bases 


General discussion of drug incompatibilities 


preparations 


by accelerated testing 


oxygen with nitrogen decreased the decomposition 
threefold. Boric acid had no effect on oxidative changes 
of lanolin, while glycero-boric acid was very effective in 
this respect (79). The protective efficiency for the stabili- 
zation of oxygen-sensitive systems using gas permeation 
was determined by measuring the relative deaeration 
produced by this technique uersus current methods for 
reducing dissolved oxygen concentrations in liquid 
systems (80). In terms of deaeration efficiency, gas 
permeators ranked second only to the addition of anti- 
oxidant materials in the drug system, but they did have 
the advantage of eliminating the addition of chemicals in 
the dosage form which might produce adverse reactions. 


In a discussion of the advantages of preservation of 
medicinal solutions by freezing, emphasis was placed on 
the proper choice of adjuvants and construction of the 
containers used (81). A method was described for the 
rapid determination of color stability in tablet formula- 
tions (82). Data obtained in the phenometer in 24 hr., as 
well as results from exposure in a light cabinet for 28 
days, facilitated the comparative evaluation. Rapid 
testing for the stability of BCG vaccine by accelerated 
heat testing was accomplished, along with rapid 
viability testing by assaying for the adenosine triphos- 
phate content of the vaccine (83). The viability deter- 
mined by adenosine triphosphate analysis correlated 


well with the viable count as determined by culturing. 
Stability programs for determining chemical and physi- 
cal stability and the analytical implications were re- 
viewed by Rehm (84). Other workers warned against too 
heavy a reliance on accelerated stability testing (85).  As 
an example, they cited the case of 500-mg. ascorbic acid 
tablets that had strong color degradation apparent 
although they were chemically unchanged. 


Other papers of interest related to the topic of stability 
are listed in Table 11. 


Stability Kinetics-Drug and drug system stability 
predictions based on kinetics of degradative reactions 
and Arrhenius-type relationships were reviewed by 
several authors. These included both isothermal and 
nonisothermal methods (131-135). However, one group 
of workers pointed out that stability based on acceler- 
ated temperature studies may lead to erroneous results 
because mechanisms of degradation may change at 
higher temperature (1 36). While using procaine, 
meperidine, homatropine, and scopolamine as exam- 
ples, the hydrolytic behavior of esters in aqueous solu- 
tions was discussed (137). Such factors as the effects of 
pH, solvents, ionic strength, acid and base catalysis, and 
steric hindrance were included. Dexamethasone 2 1 - 
phosphate in aqueous solution was shown to be sus- 
ceptible to a reversible bisulfite addition, which was a 
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second-order reaction in which sulfite ion and mono- 
anionic dexamethasone 21 -phosphate were the major 
participants (1 38). The decomposition of aspirin in 
polyethylene glycols was shown to be a pseudo-first- 
order reaction (139). Different molecular weights of 
polyethylene glycol had no effect upon the reaction rate, 
which was demonstrated to be due to transesterification. 
In alkaline media the 2-, 3-, and 4-monohexanoates of 
lincomycin rapidly isomerized, each entering into facile 
equilibrium with the other two, accompanied by 
hydrolysis of each species to lincomycin. By using a 
digital computer and a nonlinear estimation program, 
Oesterling and Metzler (140) were able to estimate 
simultaneously the four isomerization rate constants and 
the three hydrolysis rate constants. 


It was demonstrated that the methanesulfonic acid 
derivative of sulfisoxazole undergoes successively re- 
versible hydrolysis in aqueous solution (141). The pH 
profiles of the logarithm of apparent hydrolysis and 
reverse reaction rates and those of equilibrium constants 
were obtained, and the effects of ionization of the deriva- 
tives and hydrolysates were explained by mathematical 
equations. The decomposition of a series of benzoic acid 
derivatives in the solid state was studied (142). It was 
found that for decomposition to take place below the 
melting point, the Q value must be less than -0.35. The 
decomposition then follows Bawn-type kinetics. C-21- 
Dideuteriohydrocortisone was shown to be more stable 
than hydrocortisone under oxidative conditions (143). A 
possible explanation for this enhanced stability was that 
the reaction path for these degradations involved a rate- 
determining enolization in the C-17-dihydroxyacetone 
side chain. The pharmaceutical stability of a solution of 
potassium canrenoate was shown to be a function of the 
solubility of the lactone canrenone at equilibrium and 
the pH-dependent thermodynamic equilibrium of the 
reversible lactonization and hydrolysis processes. Gar- 
rett and Hermann (144) predicted the minimum pH 
values for various mixed solvent solutions that would 
maintain unprecipitating potassium canrenoate solu- 
tions for desired injectable concentrations of the drug. 
The hydrolytic decomposition of intrazole obeyed first- 
order kinetics and was subject to both acid and base 
catalysis (145). The pH of maximum stability of this 
compound under buffer-free conditions was 3.20. The 
kinetics of hydrolysis of the carbamoyl group in sali- 
cylanilide N-methylcarbarnate and 4-biphenylyl N- 
methylcarbamate showed that the reaction was first 
order with respect to both hydroxide ion and carbamate 
(146). At 37 O, the hydroxide ion-catalyzed hydrolysis of 
the former to yield salicylanilide proceeded at a rate 
over 200 times that for the hydrolysis of the latter, which 
produced 4-biphenylol. During a study of the kinetics of 
dextrose degradation during autoclaving, the reaction 
was shown to exhibit an induction period with respect to 
5-hydroxymethylfurfural production, which was due to 
the formation of an intermediate compound (147). A 
reaction mechanism was proposed that appeared 
consistent with experimental measurements. 


In studies aimed at predicting shelflife stability of 
arabinosylcytosine in aqueous solutions, Notari et al. 
(148) determined that the loss of substrate in the pH 0-6 
region was accompanied by formation of an intermedi- 


Table III-Additional References on Stability Kinetics 


Ref- 
erence Topic 


155 
156 


157 
158 
159 
160 


161 


162 


163 


164 


165 


166 
167 
168 


Review of kinetic approaches and limitations 
Computer technique for calculating the expiration date 


Use of an analog computer in drug-stability studies 
Kinetics of the oxidation of dopamine 
Decomposition kinetics of methallibure 
Kinetics of hydrolytic decomposition of isoindoline- 


Degradation of 2~~,3a-epithio-5-androstan-l7~-yl 1- 
methoxycyclopentyl ether in aqueous dioxane solu- 
tions 


Influence of a &methyl substituent on the degradative 
rates of cytosine nucleosides 


Decomposition rates of 6-aminopenicillanic acid ad- 
sorbed on KU-2 ion-exchange resin 


Kinetics of degradation and stabilization of the para- 
bens 


Kinetic investigation of the hydrolytic decomposition 
of N-butylscopolammonium bromide 


Alkaline hydrolysis of xylamide 
Kinetics of hydrolysis of chloramphenicol succinate 
Hydrolytic decomposition of oxyphenonium bromide 


of drugs based on kinetic data 


nitrourea 


ate which reacts further to yield arabinosyluracil. In 
alkaline solutions the loss of arabinosylcytosine was 
about 10 times more rapid than in acid and was most 
likely due to hydrolysis of the pyrimidine ring, since no 
arabinosyluracil UV absorption spectra were detected. 
Other workers (149) confirmed by UV spectrophotom- 
etry and TLC that cytosine and cytidine deaminate to 
uracil and uridine, respectively, at all pH values. These 
products slowly degrade further in strongly alkaline 
solutions. Differences in the intermediates formed in the 
degradation of chlorothiazide in alkaline medium and 
acidic medium were investigated, using a molecular 
orbital method to understand the hydrolysis mechanism 
(150). The hydrolysis pathway was explained by the 
electronegativity of the atoms involved in the postulated 
activated complex, 3-hydroxyhydrochlorothiazide. De- 
pending upon the reaction conditions, two pathways of 
cleavage of butalbital were described (1 51): (a) through 
1 ,dring opening to the malonuric acid, and (b)  aia 1,2- 
cleavage of the barbiturate producing the diamide. In 
following the hydrolysis of certain 5-aminodibenzo- 
[u,dlcycloheptanes, it was determined that degradation is 
characterized by cleavage of a carbon-nitrogen bond at 
the 5-position of the fused ring system (152). The process 
was shown to proceed possibly by a carbonium-ion 
intermediate or its equivalent. The hydrolytic rate of 
degradation of sodium sulfacetamide in aqueous solu- 
tion was shown to be minimal at pH 8-8.5 (153). 
Hydrolysis of methyl hippurate under the influence of 
a-chymotrypsin and some aliphatic alcohols was 
investigated (154). Methanol, ethanol, n-propanol, 
n-butanol, and n-pentanol were found to inhibit the rate 
of hydrolysis. 


Other papers related to the topic of stability kinetics 
are listed in Table 111. 


Antibiotic Stability-In comparing the relative sta- 
bilities of hetacillin and ampicillin solutions, Schwartz 
and Hayton (169) found rates of degradation incon- 
sistent with what should be expected. An explanation of 
this inconsistency was offered by adopting a model 
reaction scheme that incorporated the concentration 
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Table IV-Additional References on Antibiotic Stability Table V-Additional References on Vitamin Stability 


Ref- 
erence Topic 


Ref- 
erence Topic 


184 Comparative stabilities of ampicillin and hetacillin 


185 Stability of ampicillin in aqueous solution 
186 Stabilization of penicillin against penicillinase 
187 Physicochemical properties and stability of sulfocillin 
188 Effect of Cu (11)-glycine,chelates on the degradation of 


penicillin in mildly acid solutions 
189 Stability of 6-aminopenicillanic acid in solutions of low 


and average concentrations 
190 Solid-state stability of pirazocillin 
191 Modes of degradation of potassium phenoxymethyl 


penicillin 
192 Stability of tetracycline and tetracycline-urea complex 


in petrolatum ointment bases 
193 Stability of nystatin 


in aqueous solution 


dependence of both the ampicillin degradation and the 
hetacillin-ampicillin equilibrium. Ionic strength up to 
0.5 did not affect the chemical stability of potassium 
penicillin G unless one of the ions contributing to ionic 
strength was also catalytic (170). A study to elucidate, by 
in vitro kinetic analysis, the role of cupric [Cu (II)] ions 
through complexation with an amino acid was under- 
taken (171). A mechanism was postulated that involved 
the rapid formation of a ternary penicillin-Cu (11)- 
glycine complex followed by a rate-limiting hydroxyl-ion 
attack. It was demonstrated that the nature of the 
penicillin side chain, particularly the stereospecificity, 
played a significant role in the stability of penicillin 
toward 0-lactamase (172). In another study, the rate 
constants for the penicillinase hydrolysis of a series of 
phenoxymethyl penicillins substituted on the benzene 
ring by methyl, ethyl, chloro, bromo, formyl, nitro, or 
cyano were correlated with the Hammett a-constants 


In studying the compatibility and stability of disodium 
carbenicillin in combination with other drugs and large 
volume parenteral solutions, Zost and Yanchick (174) 
reported this antibiotic to be degraded rapidly when 
mixed with a combination of multiple B vitamins and 
vitamin C (ascorbic acid). The decomposition rates of a 
series of semisynthetic penicillins were measured in 
aqueous solutions at  pH 4-9 (175). Methicillin was the 
most labile, ampicillin and oxacillin were of inter- 
mediate stability, and cloxacillin was the most stable. 
Chemical evaluation of the degradation of solid tetra- 
cycline dodecylsulfamate at various temperatures 
indicated a pseudo-first-order reaction (176). Predictions 
of shelflife using Arrhenius mathematics indicated a 
probable shelflife of 2600 days at 25". These results were 
confirmed by actual data. 


In studies dealing with the stability of antibiotics in 
frozen systems, Larsen (177, 178) demonstrated that the 
rate of degradation of these drugs is dependent on 
buffers, absolute temperature, antibiotic concentration, 
and rate of freezing. Other workers reported that 
sodium cephalothin and cephaloridine may be sta- 
bilized for short periods by freezing (179). Hamycin 
was shown to exhibit its maximum stability in aqueous 
solutions at pH 8 (180). The influence of honey on the 
stability of monomycin, neomycin, streptomycin, 
tetracycline, oxytetracycline, and chlortetracycline was 


(173). 


205 


206 


207 


208 


209 


210 


Stability of vitamins A and D in multivitamin prepara- 


Comparative studies on the stability of vitamin DI in 


Effect of cupric ion on the thermal decomposition of 


Possibilities of stabilizing a vitamin F concentrate for 


Mathematical model for predicting stability of ascorbic 


Effects of surfactants on the aerobic oxidation of as- 


tions 


different ointment bases 


thiamine 


cosmetic purposes 


acid in food products 


corbic acid 


reported (18 1). The microbiologically determined 
stability of dermostatin in 12 selected ointment bases at 
37 " was investigated, and maximum stability was 
exhibited in anhydrous bases as compared with those 
containing water (182). Tfie stabilities of penicillin G, 
tetracycline, neomycin, and chloramphenicol were 
determined in bentonite glycerogels (1 83). Additions of 
sorbitan monopalmitate, polysorbate 80, sorbitan mono- 
laurate, and sodium lauryl sulfate had drastic effects on 
reducing degradation rates. 


Other references relating to  antibiotic stability can be 
found in Table IV. 


Vitamin Stability-The effects of metal complexing 
agents on the stability of injectable ascorbic acid solu- 
tions were investigated (194). The optimum concentra- 
tion of these agents on the stability of the drug depended 
on the amount of heavy metal ions in the solution. The 
pH-log rate profile of the rate of disappearance of 
ascorbic acid from an aqueous solution under aerobic 
conditions was determined at  67" in the pH 3.52-7.22 
range and exhibited a maximum near the pKa of as- 
corbic acid (195). Other workers (196) reported that 
maximum stability of ascorbic acid solutions could be 
achieved by the addition of sodium thiosulfate and 
edetate (ETDA) after passing carbon dioxide through 
the solution. Microencapsulation of ascorbic acid 
increased its stability during storage both in the powder 
form and as tablets (197). Best results were achieved 
with cetyl alcohol as the coating agent, and the process 
was carried out by fluidization. An investigation of the 
stability of vitamin A palmitate in selected ointment 
bases indicated that lanolin accelerated the decomposi- 
tion of this vitamin (198). The synergistic effect of the 
antioxidants butylated hydroxytoluene and butylated 
hydroxyanisole was demonstrated on the stability of 
vitamin A acetate in soybean oil (199). An extensive 
review on the oxidation of vitamin A was also presented 
(2W. 


The effects of common additives on the stability of 
injectable solutions of vitamin B1 were evaluated (201). 
The most important factor for solution stability was 
shown to be the quality of the thiamine hydrochloride 
used. The stability of supersaturated solutions of thi- 
amine chloride and thiamine bromide at 7 and 20" 
depended on the degree of supercooling (202). The 
addition of ethanol affected the rate of crystallization at 
nucleation centers, resulting from its influence on sur- 
face tension and activation energy. The stability of 
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multivitamin granules containing thiamine disulfide, 
sodium riboflavin 5 '-phosphate, pyridoxine hydro- 
chloride, niacinamide, cyanocobalamin, and calcium 
pantothenate was studied using accelerated tests (203). 
Granulation with ethanol and 5 polyvinylpyrrolidone 
was the recommended method of manufacture. The 
stability of pyridoxal5-phosphate was determined in the 
presence of its degradation products and other sub- 
stances with which it is commonly associated (204). It 
was found that the only additives increasing the degra- 
dation rate were riboflavin and cyanocobalamin. 


Additional references on vitamin stability are listed in 
Table V. 


PHARMACEUTICAL TECHNOLOGY 


Recent advances in the pharmaceutical industry as 
they relate to pharmaceutical technology were reviewed 
by several quthors (211-213). Use of computers in 
electronic data processing in the pharmaceutical tech- 
nology areas was also reviewed (214,215). The historical 
background, basic principles, and applications of 
lyophilization to  pharmaceuticals were discussed (2 16). 
As an alternative to freeze drying for removal of ethanol 
from plasma proteins, vacuum distillation was offered 
(217). Both capital and operating costs were less than for 
freeze drying. Cookson and Morgan (218) compared the 
various methods for deionized water bed sterilization and 
recommended 0.25 formaldehyde solution, primarily 
because of the lower price as compared to other 
available agents. The various factors affecting antacid 
efficiency, including micromeritic properties, method of 
preparation, and effect of dosage form were reported 
(219-221). The suspension was considered the best 
dosage form since it has reasonable neutralizing 
capacity, the fastest rate for acid neutralization, and the 
longest sustained action within the desirable pH range. 
The influence of setting temperature on the organization 
of gelatin gels was studied (222). The gel structure and 
its behavior depend mainly on the first formed bonds, 
and a setting at a few degrees below the melting tempera- 
ture promotes high rigidities. The physical and chemical 
properties of pharmaceutical gelatin were reviewed, with 
emphasis on alkaline or acid treatment and source of 
raw material (223). The principles and uses of micro- 
encapsulation of drugs was reviewed by Bakan and 
Sloan (224). Ultrasonic cleaning was reviewed from 
both a technological viewpoint (225) and as it can be 
used in the pharmaceutical industry (226). 


Additional references on pharmaceutical technology 
are listed in Table VI. 


Parenterals-Jennings (244) pointed out some prob- 
lem areas in the manufacturing and administration of 
parenterals, including the need of a total concept of 
sterility, the potential hazard of particulate matter, the 
addition of other drugs to large-volume parenterals 
prior to their administration, and packaging designs for 
large-volume parenterals. Modes of administration, 
solubility, stability, and incompatibility with other 
drugs and their adverse effects were tabulated for 19 
commonly used antibiotics including the tetracycline 
and penicillin derivatives (245). Procedures for the 
manufacture of parenteral suspensions were reviewed, 


Table VI-Additional References on Pharmaceutical Technology 


Ref- 
erence 


227 
228 


229 


230 


231 


232 


233 


234 
235 


236 


237 
238 


239 


240 


24 1 


242 


243 


Topic 


Discussion of general aspects of drug quality 
Description of a method for optimization of sulfadime- 


zine production 
Sterile and ultrapure water in pharmaceutical pro- 


cesses-the Super-Q system 
Use of metal stearates in pharmaceuticals and cos- 


metics 
Preparation and characteristics of microcapsules con- 


taining asparaginase 
Factors influencing microencapsulation of a waxy solid 


by complex coacervation 
Complex coacervation in gelatin mixtures at tempera- 


tures below the gel melting point 
Examples for the use of microencapsulated materials 
Dehydration of oleandomycin phosphate by spray 


drying of its aqueous solutions 
Survey of bacterial contamination in noninjectable 


dosage forms 
Applications of membrane technology 
Variations in theophylline, ephedrine hydrochloride, 


and phenobarbital tablets from different manufac- 
turers 


Influence of moisture content of the fibrous support of 
a nasal inhaler on the concentration of drug in the 
air stream 


Review of production and control methods used for 
various dosage forms 


Review of process instructions and mechanical process- 
ing techniques for the production of pharmaceuticals 


Survival rates of microbial organisms in BPC prepara- 
tions 


Swelling of gelatin as a function of pH 


with emphasis on the characteristics inherent to this 
dosage form not shared with other pharmaceutical 
suspensions (246). Perrin et al. (247) proposed that 
highly protein-bound excipients, which compete with 
drugs for binding sites, be added to lower the dose of 
drugs necessary to  produce a given pharmacological 
response and, hence, to  lower the toxicity and cost of 
parenteral dosage forms. Polyethylene glycol, when used 
as a solvent for intravenous injections of water-soluble 
agents, showed a relatively low toxicity (248). This 
solubilizing agent did not induce hemoglobinurea as was 
observed with glycerol, dimethyl sulfoxide, or dimethyl- 
formamide when used as solvents. The technology 
involved in preparing fluorocarbon emulsions as blood 
substitutes was reported (249). Five formulations of fat 
emulsions used in parenteral nutrition were reviewed as 
to their use in clinical medicine, absorption, and adverse 
effects (250). Riebe and Oesterling (251) outlined the 
procedures involved in the successful development of an 
injectable form of clindamycin. Problems encountered in 
the formulation of clindamycin 2-phosphate as a suit- 
able parenteral dosage form were described. 


Particulate matter in parenteral glass containers was 
significantly reduced by washing with either hydro- 
fluoric acid or ammonium bifluoride solution (252). 
This method of washing also improved the chemical 
resistance of Type I glass containers to  a degree equiva- 
lent to that of a good sulfur dioxide treatment. Minute 
crystals occurring in solutions packaged in multiple-dose 
vials and sealed with butyl stoppers were shown, by 
electron probe microanalysis, to  be complexes contain- 
ing zinc and calcium (253). These metal ions were 
believed to  have originated as surface contaminants of 
the butyl stopper, and a procedure for washing the 
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stoppers to remove this contamination was described. 
Methods for testing of silicone coatings on ampuls and 
vials for injectable solutions were reported (254). 
Ampuls treated with a 1.5 or 2 % aqueous silicone emul- 
sion showed fewer defects of coating than those treated 
with a 0.5 or 1 % emulsion. Hall (255) elucidated the 
potential problem areas in the manufacture of single- 
dose ophthalmic products. These included the chemicals 
used, the packaging materials, the water used, personnel, 
plant facilities, and control procedures. Use of methyl- 
cellulose and hydroxyethyl cellulose, polyvinylpyr- 
rolidone, benzalkonium chloride, cetrimide, and thimer- 
osal were evaluated for use in contact lens solutions 
(256). Tabulated data were presented to facilitate the 
selection of suitable combinations of these chemicals 
with respect to viscosity, film-forming properties, 
hydration, stability of solutions, and protection against 
microbial contamination. Ophthalmic solutions pre- 
pared with 2 aqueous polyvinyl alcohol were shown to 
be superior to solutions prepared with water alone 
(257). No side effects of polyvinyl alcohol were noticed 
when these solutions were administered to  30 patients 
with corneal lesions. 


Reconstituted antibiotic intravenous products pre- 
pared by a number of companies were surveyed for 
foreign particulate matter (258). The results indicated a 
variation among companies as to the amount of 
particulate matter found in their products. Other 
workers noted that asbestos was found in approximately 
one-third of the samples from two sets of 17 widely used 
parenteral drugs (259). McGinn (260) reported that 
much of the nonviable particulate matter found in 
parenteral solutions packaged in glass vials originated 
from the packing material used in shipping the empty 
vials. He suggested that using a type of plastic film 
wrapping for these empty containers would reduce 
appreciably the rejects due to this source of particulate 
matter. However, all parameters involved in the 
manufacturing process of injectable fluids were in- 
vestigated and shown to play an important role in 
contamination by particles (261). Summaries of the 
activities of a committee appointed by the Pharma- 
ceutical Manufacturers Association (PMA) to explore 
the methodology for determination of particulate 
matter in large-volume parenterals was reported (262). 
A comparison of results obtained from visual inspection, 
Coulter counter measurements, microscopic examina- 
tion, and counting of particles collected on membrane 
filters was made to evaluate the visual method com- 
monly used to control the cleanliness of parenteral 
solutions (263). It was concluded that visual inspection 
data obtained during the manufacturing process must be 
controlled by the laboratory afterward. 


Other papers of interest in the area of parenterals are 
listed in Table VII. 


Sterility-Boucher (284) reviewed the various physi- 
cal and chemical methods of sterilization. He concluded 
that synergistic sterilization, the use of combinations of 
chemical and physical methods, is on its way to making a 
profound impact not only in the pharmaceutical field 
but also in chemical, food, and decontamination in- 
dustries. The current status of biological indicators was 
discussed, and plans for future studies were outlined 


Table VII-Additional References on Parenterals 


Ref- 
erence Topic 


264 


265 


266 
267 


268 


269 


270 
27 1 


272 


273 


274 
275 
276 


277 
278 
219 


280 


28 1 


282 


283 


Conditions for the acid hydrolysis of casein which en- 
sure the production of preparations for parenteral 
use 


stituents 


solutions 


Parenteral and oral formulations of marijuana con- 


pH of drugs for parenteral use 
pH measurements of sterilized sodium bicarbonate 


Method for the preparation of injectable cannabis ex- 
tracts 


chloride for parentera! use 


bonate parenteral infusions 


injectable solutions of steroid hormones 


jection 


Preparation of a solution of apomorphine hydro- 


Review of infusion solution production 
Preparation of fructose, sorbitol, and sodium bicar- 


Review of vehicles and adjuvants for the preparation of 


Experimental preparation of freeze-dried urea for in- 


Physicochemical examination of glucose injection 
Review of properties of various contact lens solutions 
Advantages of utilization of dextrans as excipients for 


Polymers used in ocular wetting agents 
Review of colloidal injectable plasma substitutes 
Determination of freezing-point lowering, sodium 


chloride equivalents, and isotonic concentrations of 
some drugs in aqueous solution 


Dimethylpolysiloxane compared to sesame oil as a 
vehicle for progesterone injection 


Evaluation of laminar air flow for the preparation of 
intravenous admixtures. 


Review of the contamination of parenteral solutions by 
foreign particles 


Identification of the leached ingredients from rubber 
closures 


viscous collyria 


(285). One investigator (286) reported significant 
differences found among five commercial biological 
indicators with regard to  bacterial count and perform- 
ance as measured by survival and kill in 10 autoclaves 
a t  121 '. He called for further work in the improvement 
and standardization of these indicators. 


The use of cellulase in membrane sterility testing of 
solutions containing carboxymethylcellulose was dis- 
cussed (287). An empirical filtration rate test was 
developed for determining cellulase activity. A group of 
compounds which rapidly inactivate certain antibiotics 
and thus facilitate sterility testing of the antibiotic 
solution was reported (288). The factors necessary to 
consider in establishing a successful ethylene oxide 
sterilization cycle were discussed (289). As an example, 
these factors were applied in the sterilization of a 
production lot of plastic disposable syringes in paper 
wrappers. Two compounds, 2-chloroethanol (290) and 
chloroacetaldehyde (291), which have been associated 
with residual ethylene oxide in sterilized material were 
subjected to biological testing. Ethylene oxide steriliza- 
tion was shown to have no effect on the microbiological 
activity of streptomycin sulfate, dihydrostreptomycin 
sulfate, neomycin sulfate, and paromomycin sulfate 
(292). A slight increase in the color of streptomycin 
sulfate and dihydrostreptomycin sulfate was noted. 


were essential for 
the sterilization of spore-contaminated materials using 
formaldehyde (293). The history and an extensive 
review of the use of radiation methods for the steriliza- 
tion of drugs were presented (294). Also reviewed was 


Relative humidities of at least 50 
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the method of sterilization of air and gases used in the 
pharmaceutical industry (295). A survey was conducted 
by the Food and Drug Administration to obtain a 
profile of the microbial load in all antimicrobial 
ophthalmic ointments manufactured in the United 
States (296). Of the 82 batches of ointments from 27 
manufacturers that were tested, 16 showed contamina- 
tion. Pyrogen-free solutions of 5 %  glucose were ob- 
tained by sterilizing at 121-124" for only 12 min. (297). 
Unsterilized glucose solutions were shown to be 
pyrogenic by injection of 10-ml. portions into rabbits, 
resulting in temperature rises of 0.7-1.3 ". The Limulus 
test method for pyrogen testing was compared with the 
USP XVIII pyrogen test on a variety of commercial 
parenteral preparations (298, 299). The correlation was 
excellent, providing proper allowance was made for the 
greater sensitivity of the Limulus method. 


Other papers relating to sterility are listed in Table 
VIII. 


Tablets and Capsules-Cooper and Rees (311) pre- 
sented an excellent review of the literature from 1969 to 
1971, including all phases of tableting research and 
technology. A comprehensive review article covering the 
various factors affecting tablet disintegration was 
presented by Lowenthal (312). Several other areas 
dealing with the general topic of tableting technology 
were reviewed (3 13-3 15). The other numerous publica- 
tions dealing with pharmaceutical technology of tablets 
and capsules have been subdivided into the following 
classifications to facilitate a search of the literature: 
comminution, mixing, granulation, and drying; powder 
characteristics ; compression ; effect of excipients ; and 
tablet coating. For a thorough review, consideration of 
the entire section is advised since there is an obvious 
overlap in the subject matter of the subclassifications. 


Comminution, Mixing, Granulation, and Drying- 
Size reduction of drug compounds by a method involv- 
ing phase conversion was reviewed (316). The rate of 
decrease of the mean molecular weight and molecular 
weight distribution of polyvinylpyrrolidone powders 
as affected by ball milling in nitrogen, air, and oxygen 
was investigated (317). The influence of the ball milling 
atmosphere on the probability of the polyvinylpyr- 
rolidone molecule breakdown in a unit time and the 
molecular size distribution of the polymers formed by 
the breakdown in a unit time were discussed. The prob- 
lems involved in mixing and mixing mechanisms of 
particulate systems were reviewed (3 18, 3 19). Mixing 
properties of barium sulfate, lactose, spray-dried 
lactose, magnesium oxide, and basic magnesium carbon- 
ate were investigated (320). The effects of the specific 
volume of the powders, time of mixing, and type of 
mixing equipment used were studied. Mixing of potato 
starch and sodium bicarbonate under a very high dilu- 
tion ratio (2500-100,000) was studied using a radioactive 
tracer technique (321). The results of this study demon- 
strated that the state of fully random mixing does not 
depend on the particle-size characteristics of the diluent. 
However, other workers using radioactive tracer tech- 
niques determined that mixing efficiency was very 
dependent on the particle size of the diluent (322, 323). 
The dependence of the degree of mixing and the time of 
mixing on the speed of rotation and quantity of powder 


Table VIU-Additional References on Sterility 


Ref- 
erence Topic 


300 


301 


302 


303 
304 
305 


306 


3w 
308 
309 
310 


Sterilization and disinfection and processes for their 


Common misconceptions relating to ethylene oxide and 


Review of cautions to be observed in use of ethylene 


Changes in fatty vehicles during thermal sterilization 
Sterilization of plastic medical equipment 
Sterilization of an acrylic resin prothesis by hydrogen 


Disinfection and sterilization of pharmaceutical and 


Method for determining the effectiveness of filter mate- 


Effect of energy-rich radiation on analgesics-Part I 
Effect of energy-rich radiation on analgesics-Part I1 
Effect of cobalt-60 y-irradiation on tetracycline 


control 


steam sterilization 


oxide 


peroxide 


medical plastics 


rials for sterilizing air 


to be mixed in solid-solid mixing was investigated for 
industrial applications (324). To obtain the same results 
with scale-up of the mixing equipment, consideration 
must be given not only to the geometric and dynamic 
similarities but also to the ratio between size of sample 
and size of batch in both pilot and largescale equipmdnt. 


Calcium phosphate requires more granulating Auid to 
produce a cohesive mass during wet granulation than 
other tablet diluents, such as lactose or starch (325). It 
was postulated that the intraparticulate porosity is such 
in calcium phosphate that at low moisture contents the 
liquid becomes located within the particles, thus pre- 
venting the formation of pendular liquid bridges be- 
tween adjacent particles. Lactose granules were prepared 
by massing and screening, using water as a binder, and 
the effects of initial particle size, size distribution, and 
binder concentration on the physical properties of the 
granules were studied (326). Increasing the mean 
initial particle size decreased the amount of binder 
necessary to form granules and also decreased their 
strength, porosity, flow, and packing at equivalent 
moisture contents; narrowing the size distribution 
increased granule porosity but decreased strength even 
further. Granulations made by the spheronization 
method showed an improved granulation flow rate and 
narrow particle-size distribution as compared to a 
conventionally processed wet granulation (327). Other 
testing of this same method indicated that plate rota- 
tional speed was of great importance in establishing the 
geometric form of final granules but that dwell time did 
not have an appreciable effect (328). 


The optinlum parameters for granulation on laboratory 
scale and pilot plant equipment were investigated for a 
fluidized-bed- spray granulation process (329). An 
increase in the amount of binding agent increased 
mechanical strength and decreased wear loss, while an 
increase in flow rate of fluidizing air and a decrease in 
feeding rate of the granulating fluid resulted in a parti- 
cle-size decrease. Davies and Gloor (330) reported that 
the physical properties of fluidized-bed granulations 
were strongly influenced by the binder and the binder 
concentration. An increase in the binder concentration 
increase& the adhesiveness, yielding less friable granules 
of a greater average size. Other workers obtained 
fundamental information on the relationship between 
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the amount of a binder and several characteristics 
indicating granulating state and properties of the 
granules formed (331). 


A mixture formed by heating rosin and glycerol was 
found to be a satisfactory anhydrous binder for the 
granulation of tablet preparations (332). The surfaces of 
granules formed by the spray drying of aqueous slurries 
of salicylic acid and sodium salicylate with both gum 
arabic and polyvinylpyrrolidone were found to  contain 
no holes or craters as compared to slurries spray dried 
with other binders such as gelatin, polyvinyl alcohol, 
carboxymethylcellulose, methylcellulose, tragacanth, 
and sodium alginate (333, 334). Sodium warfarin tablets 
prepared by a wet granulation method were unsatis- 
factory as to content uniformity due to the migration of 
the drug substance during the drying period (335). By 
using a TLC method, additives were selected which 
demonstrated inhibition of the migration of the drug 
substance. The use of ultrasonics for drying pharma- 
ceutical granulations was discussed (336). It was re- 
ported that drying time was approximately one-sixtieth 
that of rack drying (337). 


Additional references on comminution, mixing, 
granulation, and drying are listed in Table IX. 


Powder Characteristics-Reviews of the physical- 
chemical methods of characterizing powder surfaces 
were presented (350, 351). Both Hiestand (352) and 
Pilpel (353) discussed various methods for obtaining 
meaningful physical data for cohesive pharmaceutical 
powders. The problem of solid dosage forms containing 
small amounts of active ingredients was treated statis- 
tically (354). Equations which included particle-size 
distribution were derived for the calculation of theo- 
retical coefficients of variation of drug content for solid 
dosage forms. Particle size of materials had very little 
influence on compressed tablet properties with sub- 
stances having weak particle-to-particle bonding, but it 
had rather considerable influence with particles having 
strong interactions (355). 


A simple test to determine the proportion of micron- 
ized drug that can be used to prepare satisfactory mixes 
for tableting was reported- (356). The test consisted of 
measuring the angle of repose of a micronized powder- 
coarse particle mixture as a function of the concentra- 
tion of micronized material. Particle densities, packing 
changes, and sieving properties of five commercially 
available samples of magnesium stearate were in- 
vestigated (357). The significance of sample variation in 
relation to pharmaceutical processing was discussed. 
Description and evaluation of various testing methods 
for determining powder flow and powder cohesiveness 
were the subjects of several papers (358-360). Results of 
a study investigating mechanical properties of dry 
powders over a range of temperatures resulted in a 
postulation that, under the influence of pressure, melting 
can occur at the points of contact between particles at  
temperatures below their conventional melting points 
(361). This hypothesis accounts for the formation of 
solid bonds which contribute to the strength and hard- 
ness of pharmaceutical tablets. The role of moisture in 
compaction of particulate material was studied (362). 
It was determined that moisture decreases the compact 
strength by reducing the strength of interparticulate 


Table IX-Additional References on Comminution, Mixing, 
Granulation, and Drying 


Ref- 
erence Topic 


338 
339 


340 


341 
342 


343 


344 
345 


346 


347 


348 


349 


Diffusion and mixing of solid particles in a tube mixer 
Parameters involved in mixing pharmaceuticals and 


Mixing and grinding processes during the preparation 


Agglomeration by spray drying 
General methodology of fluid-bed granulation and 


Effect of granule size on the physical properties of 


Review of tablet manufacture without granulation 
Determination of the forms of moisture bonding in 


Review of principles of nodular granulation, spray 


Effect of moisture and heat on the decomposition of 


Physical characteristics of tablets prepared by dry and 


Effect of the movement of the suspending medium 


other fine powders 


of pharmaceutical powders using a mortar 


spray drying 


tablets 


tablet granulations 


coating, and coating 


aspirin (acetylsalicylic acid) during granulation 


wet granulation 


during drying in a fluidized bed 


bonds. The effect of moisture on tensile strength of bulk 
solids was determined (363, 364). At a constant state of 
packing, the tensile strength was shown to  increase as 
moisture content rose. This was attributed to an increase 
in number and dimension of liquid pendular bonds. 


Additional articles relative to powder characteristics 
are listed in Table X. 


Compression-In a series of papers reporting studies 
of compression of powder-like materials, Bessho er al. 
(392-394) discussed, on a theoretical basis, stress 
distribution, density distribution, and energy involved. 
The ability to convert the load at which a tablet fails in 
tension under diametrical compression into a tensile 
strength was extended to deep concave tablets (395). It  
was demonstrated that sucrose tablets with an upper 
beveled edge capped at  high applied forces unlike those 
tablets prepared with a flat upper face (396). This was 
thought due to high radial forces in the beveled top at  
the end of the compression cycle resulting in breakdown 
of interparticulate bonds formed during cornpression. 
Newton and Rowley (397) suggested that compaction 
force or pressure does not completely characterize the 
formation of a tablet. They offered the concept of 
force-time measurements as a possible solution. An 
instrumented punch and dye set was used t o  determine 
the force-displacement curve during compression of 
sodium chloride, boric acid, asagran, vitamin yeast 
powder mix, ibuprofen granulation, and acetamino- 
phen (paracetamol) granulation (398). Although all of 
the materials behaved elastically following compaction, 
only sodium chloride was approximately linearly elastic. 


A system designed to simulate the double-acting 
compression effect of rotary tableting presses was 
described (399). The double-acting compression was 
achieved by a controlled downward movement of the 
dye at a slower rate than the simultaneous downward 
movement of the upper punch. A 16-station high speed 
rotary tableting machine was fitted with pressure rolls 
containing piezoelectric transducers in the axles (400). 
The compaction force exerted at each tablet compression 
event produced an electrical pulse which could be fed to 
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Table X-Additional References on Powder Characteristics 


Ref- 
erence Topic 


3 65 
366 


367 


368 


3 69 
370 


371 


372 


373 


374 


375 


376 
377 


378 


379 


380 


381 
382 


383 
384 


385 


386 


387 
388 


3 89 


390 
391 


Review of effects of water content of powders 
Adhesion forces causing agglomeration of solid par- 


ticles 
Factors affecting the parameters of the flow rate equa- 


tion 
Effect of granule characteristics as related to weight 


variation of strip packages filled on automatic equip- 
ment 


Cohesion of particulate solids 
Theoretical calculations of tortuosity in a sedimenta- 


tion bed 
Significance of the form and dispersion composition 


of aspirin (acetylsalicylic acid) crystals in the tablet- 
ing process 


Effects of particle size, shape, and moisture content 
on the tensile properties of procaine penicillin 
powders 


Specific surface area as a pharmaceutical control test 
for micronized drugs 


Comparative study of four methods of granulometric 
analysis 


Evaluation of powder surface properties by an adsorp- 
tion method 


Compactability of dispersed powders ' 


Improvement of the flow properties of a chloram- 
phenicol powder by the addition of Aerosil 


Effects of surface tension on the tensile strength of 
beds of moist bulk solids 


Compacting phenomenon of powders in the course of 
mixing with calcium stearate 


Influence of particle size on the cohesion of particulate 
solids 


Contribution of charge to powder particle adhesion 
Random packing of equal and unequal spheres in two 


and three dimensions 
Review of powder shear 
Influence of particle size and tablet shape on the sepa- 


ration of sparingly soluble drugs from a hydrophobic 
matrix 


Effect of the granulometric composition of powders on 
their volume weights and flow 


Photometric process for particle-size analysis by micro- 
scopic examination 


Electron-microscopic investigation of powders 
Experimental studies of structural, mechanical, and 


thermophysical characteristics of some drug granules 
Structural and mechanical properties of pharmaceutical 


molding powders 
Flow properties of granules and powders 
Dependence of capsule filling on the characteristics of 


powders 


an integrated-circuit pulse-discriminating unit. An 
extensive review by Cavaco (40 I)  was presented on the 
various aspects of tablet production by direct compac- 
tion and included physical factors influencing the cohe- 
sion of solid particles, their behavior during compres- 
sion, improvement of the agglomeration by solid 
adjuvants, and the final characteristics of tablets. 
Reviews on the compression of powders (402) and the 
physical phenomena in tablet compression were also 
presented (403). 


Other articles concerning compression are listed in 
Table XI. 


Effect of Excipients-The effect of various starches 
such as corn, potato, rice, arrowroot, and a compress- 
ible starch on the rate of dissolution of salicylic acid 
tablets was investigated (415). In all instances, the 
dissolution of the drug was fastest from tablets con- 
taining compressible starch, whereas the rank order of 
the dissolution times of the other starch formulations 
depended on the dissolution test method used. In a 


Table XI-Additional References on Compression 


Ref- 
erence Topic 


404 


405 


406 
407 


408 
409 
410 


41 1 


412 
413 
41 4 


Prediction of tableting troubles such as capping and 


Theoretical consideration of several compression-state 


Factors affecting crushing properties of tablets 
Effect of humidity and compression force on the reten- 


Thermal processes during tableting 
Discussion of the three stages of tablet compression 
Pressure-process diagrams using a piezoelectric measur- 


Development of a formulation with the aid of force- 


Compression behavior of phenacetin granulations 
Porosity of tablets as related to compression pressure 
Properties of tablets produced on an automatically 


sticking 


equations of powder-like materials 


tion of eucalypt01 in tablets 


ing method 


displacement measurements 


controlled rotary press 


study to determine the effect of intra- and extragranular 
maize starch on the disintegration of compressed 
tablets, intragranular starch resulted in the recovery of 
finer particles than when extragranular starch was used, 
but the disintegration time was longer with intragranular 
starch (416). Lowenthal (417) determined that starch 
grains were deformed by pressure and did not regain 
their original shape nor swell significantly when mois- 
tened. He concluded that the regaining of the shape 
of starch grains is apparently not the mechanism of ac- 
tion as a tablet disintegrant. 


The effect of compression force on tablets containing 
sodium carboxymethylcellulose of two different molec- 
ular weights was measured (418). The lower molecular 
weight material resulted in tablets having larger specific 
surface area. An investigation of their disintegration 
properties showed that both cation-exchange resin and 
alginic acid were more efficient than calcium sodium 
alginate, sodium carboxymethylcellulose, and starch 
(corn) (419). Other studies determined that calcium 
sodium alginate compared favorably with alginic acid 
and starch when evaluated as tablet disintegrants (420). 
By using additives such as ethylcellulose, glyceryl 
monostearate, and sorbitol, it was possible to  regulate 
the absorption levels for achieving a therapeutic effect 
with sulfosalicylic acid-polyvinyl chloride tablets (42 1). 
Tablets containing microencapsulated ferrous fumarate 
demonstrated that microencapsulation increased the 
dissolution of iron in gastric juice and reduced local 
irritation by preventing contact between the salt crystals 
and the gastric mucosa (422). Javaid and Cadwallader 
(423) studied 1 1 different compounds representing 
various classes of buffering agents with respect to their 
effect on dissolution of aspirin from tablet formulations. 
In general, carbon dioxide-producing agents such as 
sodium bicarbonate, magnesium carbonate, and calcium 
carbonate gave more rapid dissolution than the readily 
water-soluble buffering agents. 


Magnesium stearate and sodium stearyl fumarate 
were compared as tablet lubricants in an antacid 
formulation and judged by punch force, distintegration 
time, and in uitro availability (424). By the three testing 
parameters used, sodium stearyl fumarate was superior. 
In another study, the pressure remaining immediately 
after compression was used as a measure of the lubrica- 
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Table XII-Additional References on Effects of Excipients Table XIII-Additional References on Tablet Coating 


Ref- 
erence Topic 


430 
43 1 
432 
433 


434 


435 


436 


437 


438 


439 
440 
441 
442 
443 
444 


445 


446 
447 
448 
449 
450 


Mechanism of action of tablet disintegrants 
Interpretation of the mechanism of disintegration 
Incompatibilities of starch 
Influence of starch, alginic acid, and Carbopol on the 


dissolution rate of aspirin tablets 
Effect of binders and disintegrating agents on calcium 


monohydrogen phosphate-based tablets 
Effect of incorporation of water-insoluble substances 


on delaying disintegration time 
Effect of magnesium stearate and polytetrafluorwthyl- 


ene as lubricants in direct compression of aspirin 
Effect of adjuvants on the release of slightly soluble 


drugs from a hydrophobic tablet matrix 
Factors involved in the formulation of soluble aspirin 


tablets 
Formulation of aspirin tablets 
Properties of powdered celluloses in tablet production 
Ethylcellulose as a binder in meprobamate tablets 
Tablet properties as a function of different binders 
Determination of hydrogen bonds in tablet formation 
Determination of, the direct compressibility of pheno- 


Characteristics of magnesium aluminosilicate under 


Testing of directly compressible tablet bases 
Evaluation of excipients for direct compression 
Cellulose-type additives for direct compression 
Excipients for tablet manufacture 
Release of drugs from hard gelatin capsules 


thiazine derivatives 


compression 


ting effect (425). By this measurement, both lubricants 
were shown to be equal. It was reported that magnesium 
lauryl sulfate possessed the lubricating properties of 
magnesium stearate but not its waterproofing liability 
(426). Factors affecting the direct compression of tablets 
using microcrystalline cellulose were reviewed (427). 
Twenty-four formulations of placebo tablets made from 
eight excipients for direct compression and three 
disintegrants were evaluated under various conditions 
of relative humidity (428). The data were evaluated 
statistically so that the formulations could be given a 
relative ranking on the basis of maximum hardness, 
minimum change in disintegration time, minimum 
moisture uptake, and minimum change in volume. 
Jones (429) reviewed the growing evidence indicating 
that formulation of the capsule fill is the rate-determin- 
ing step in disintegration and dissolution. 


References to additional literature on effect of 
excipients are listed in Table XII. 


Tablet Coating-Several different films cast from 
solutions of ethylcellulose or polyamide resin were 
plasticized with varying concentrations of cetyl (hexa- 
decyl) alcohol or butyl (tributyl) citrate (45 1). The 
permeability coefficient of ethylcellulose films was sub- 
stantially greater than that of films consisting of poly- 
amide resin, and it was also noted that the permeability 
coefficient was dependent upon the plasticizer used as 
well as its concentration. Two formulations were 
developed using polyvinylpyrrolidone for film coating 
of tablets by the pan-coating method (452). The addi- 
tion of ethylcellulose and shellac eliminated the tackiness 
sometimes associated with polyvinylpyrrolidone due to 
the hygroscopicity of the film formed but did not alter 
disintegration or dissolution rates of the tablets. An 
apparatus for placing a film coat on individual tablets 
for film evaluation was described (453). Talc and 


Ref- 
erence 


455 


456 


457 
458 


459 


460 
461 
462 
463 
464 


Topic 


Coating of pills and lozenges with polyethylene glycol 


Film formers as coatings for solid, single-dose phar- 


Surface quality of film coatings 
Acrylic resin film-coated tablets prepared by controlled 


Possibilities and problems in the automation of sugar- 


Description of tablet-coating processes 
Small-scale enteric coating of hard,gelatin capsules 
Formulation of enterosoluble gelatin capsules 
Characteristics of acidproof gelatin capsules 
Treatment of capsules for gastric resistance 


and acrylate polymers 


maceuticals 


spraying 


coated pill production 


magnesium stearate were evaluated as adjuvants in 
enteric-coated tablets (454). Incorporation of talc was 
more satisfactory in providing favorable enteric coatings 
and served to preserve or augment the hardness of the 
tablets. 


Additional references on tablet coating are listed in 
Table XIII. 


Suspensions-Thickening agents for formulation of 
suspensions, emulsions, and gels of pharmaceutical 
interest were reviewed (465). Hiestand (466) developed 
the probable mechanism for the control of floc structure 
by polymeric materials from the theory of polymer 
stabilization of disperse systems. Although quantitative 
predictions were difficult to make, the curdled look after 
flocculation suggested that inadequate polymeric ma- 
terial was present and, therefore, the average coordina- 
tion number was too high. On the other hand, settling 
to  produce a very thick, noncaking sediment was prob- 
ably due to excessive protection by suspending agents. 
Several agents were investigated for their stabilizing 
properties on griseofulvin suspensions (467). Among 
polyvinyl alcohol, polyvinylpyrrolidone, polysorbate 80, 
sodium carboxymethylcellulose, dry milk, and kaolin, 
polyvinyl alcohol was superior. 


A graphical method was described for determining the 
effects of concentration and particle size on the sedi- 
mentation of suspensions; this method was based on 
traditional formulas describing the motion of particles 
in a liquid under the action of gravity (468). In the 
determination of yield values of hectorite gels, ad- 
vantages of the falling sphere method over the cone-plate 
viscometer were discussed (469). Studies on the effects 
of particle charge of barium sulfate preparations indi- 
cated that charge alone contributes little to stability and 
cannot explain adherence of barium sulfate to mucosal 
linings (470). A microscopic electrophoretic method was 
used to study dilute aqueous barium sulfate suspensions 
(471). The isoelectric point for barium sulfate was 
reported at pH 4.2, and the r-potential varied from 140 
mv. at pH 1 to - 120 mv. at pH 10. The problem of pH 
measurements in suspensions was investigated (472). In 
the suspensions studied, the Wiegner-Pallmann suspen- 
sion effect played a role which, however, was not identi- 
cal with the pH-disturbing effect due to anomalous 
diffusion potentials. 


Two types of mechanisms of particle adhesion to glass 
containers were found (473) by examining the adhesion 
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Table XIV-Additional References on Suspensions Table XV-Additional References on Emulsions 


Ref- 
erence Topic 


Ref- 
erence Topic 


476 Formulation and evaluation of two sulfamethazine 


477 
478 
479 
480 
481 


482 
483 Review of pharmaceutical suspensions 


(sulfadimidine) suspensions 
Flow behavior of clay-water suspensions 
Flocculation of Veegum suspensions by electrolytes 
Evaluation of barium sulfate suspension formulations 
Stabilization of suspensions by surfactants 
Evaluation of the degree of dispersion of drug sub- 


Formation and properties of association colloids 
stances 


of chloramphenicol treated with benzalkonium chloride: 
(a) simple adhesion without mutual affinity or interac- 
tion and (b)  adhesion with affinity. The {-potential of 
chloramphenicol crystals and glass powder was deter- 
mined, and its influence on the adhesion and adsorption 
was discussed. In similar studies, but using prednisone, 
Runkel and Palagyi (474) determined that maximum 
adsorption of particles to glass containers occurred at a 
concentration of benzalkonium chloride that was just 
sufficient to neutralize the inherent negative charge of 
the prednisone particles. When the average particle 
diameter of the prednisone was increased to 50 p, 
adsorption was negligible and drainage characteristics 
were excellent. A review of the physical and chemical 
characteristics of suspensions, including free energy of 
particles, humectation, flotation, crystal growth, sedi- 
mentation, rheology, and flocculation, as well as their 
pharmaceutical formulation, was presented (475). 


Additional references on the subject of suspensions 
are listed in Table XIV. 


Emulsions-Several reviews on the effects of process- 
ing and manufacturing procedures on the physical 
properties of emulsions were presented (484-486). The 
methods used in the evaluation of the physical proper- 
ties and stability of emulsions were also reviewed (487, 
488). Sherman (489) stated that accelerated aging tests 
at high and low temperatures and under centrifuge 
conditions are not suitable for predicting stability of 
emulsions. He reported that the measurement of the 
electrophoretic mobility better relates to the stability of 
oil-in-water emulsions at room temperature and at 40". 
The effect of ultrasonic power on a mineral oil-surfac- 
tant-water emulsion system was reported (490). An 
optimum amount of energy was required to produce the 
best emulsion, but the effects of the hydrophilic-lipo- 
philic balance (HLB) and surfactant parameters ap- 
peared to be more important in the emulsions studied. 
The time dependence of the droplet size distribution and 
the phase-inversion occurrence times were determined 
as functions of volume ratios, emulsifier concentration, 
and impeller speed for mixing water and carbon tetra- 
chloride containing polysorbate 60 in a baffled, stirred 
tank (491). Phase inversion, which was very sensitive to 
emulsifier concentration, occurred even during stirring 
and the final specific interfacial area was independent of 
the emulsifier concentration. 


An emulsion formulation suitable for freeze drying 
and reconstitution was described (492). Mannitol, urea, 
and glycine were used as supportive agents. In studying 
emulsifying agents, it was demonstrated that the critical 


503 
504 
505 
506 
507 


508 


509 
510 
511 
512 


513 


514 


515 


516 


517 
518 


519 


520 
521 


522 


523 


524 


525 


526 


527 
528 
529 


530 
531 


Factors affecting the formation of emulsions 
Definition and theory of emulsions 
Emulsifiers in cosmetic preparations 
Water-in-oil cosmetic emulsions 
Critical HLB and ternary diagrams of various oil 


Influence of HLB values of surfactants on drug release 


HLB for emulsifiers 
Theory of linear HLB and its application 
Determination of the HLB of anacardium gum 
Theory and technology of submicron emulsions and 


their cosmetic applications 
Review of the use of semisynthetic viscosity-increasing 


agents for emulsion preparations 
Determination of the emulsifyin properties of mono- 


ethyl polyoxyethylene esters o! fatty acids 
Copolymers of propylene and ethylene oxides as emul- 


sifiers for organic liquids in water 
Phase equilibrium of microemulsions, hydrotropic 


solutions, and emulsions 
Role of mixed emulsifiers in emulsion stability 
Stabilization of concentrated oil-in-water emulsions 


with aqueous solutions of proteins and surface- 
active polymers 


Water-in-oil emulsion ointment bases with coupled 
emulsifiers 


Emulsifying capacity of sodium lauryl sulfate 
Emulsions of hydrophilic colloids in the presence of 


buffers 
Physicochemical studies of the mutual breaking of 


emulsions 
Wetting and emulsifying power of nonyl phenol poly- 


glycol ethers 
Application of the cohesive energy ratio concept to 


anionic emulsifiers 
Differences in ultracentrifugal stability of various oil- 


in-water emulsions 
Effect of initial concentration of emulsifying agents on 


Methods of production of binary emulsions 
Properties, formation, and uses of binary emulsions 
Influence of temperature-induced phase transitions 


Emulsion preparation by ultrasound 
Preparation of pharmaceutical emulsions by electrical 


phases of emulsions 


from emulsified systems 


stability of oil-in-water emulsions 


on fat emulsions 


discharge 


HLB numbers increased approximately linearly with the 
decrease of the logarithm of the oil phase dielectric 
constant (493). Pharmaceutical and chemical problems 
involved in the choice of an emulsifier for cosmetic 
formulations including anionic, amphoteric, cationic, 
and nonionic surfactants were discussed (494). Mathe- 
matical expressions for the HLB, minimum volume of 
emulsifier for oil-in-water and water-in-oil emulsions, 
and stability of the emulsions were developed. It was 
suggested that the optimum stability of oil-in-water 
emulsions stabilized by 1:l  molar ratios of sorbitan 
esters (Spans) and polysorbates (Tweens) is due to 
association between the emulsifier molecules adsorbed 
at the oil-water interface (495). The various analytical 
procedures for determining HLB values of emulsifiers do 
not account for interaction between emulsifiers and the 
aqueous and oil phases. It was, therefore, suggested that 
phase-inversion temperature determinations may pro- 
vide more meaningful values (496), and a programmed 
viscometric technique was described for determining 
phase-inversion temperatures (497). With surfactant 
mixtures of polyoxyethylene ethers of fatty alcohols 
(Brij 92 and Brij 96), the phase-inversion temperature 
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was found to rise in approximately linear fashion as the 
HLB increased toward the optimum value. 


The stability of mineral oil (Nujol) emulsions emulsi- 
fied with sodium lauryl sulfate could be increased by 
adding lauryl alcohol (498). Speculation attributed the 
increase in stability to adsorption of lauryl alcohol at 
the interface not occupied by adsorbed sodium lauryl 
sulfate. Other workers concluded that combinations of 
emulsifying agents, as opposed to single emulsifying 
agents, produce more stable emulsions (499). The struc- 
ture of oil-in-water emulsions stabilized by binary 
surfactant mixtures was represented schematically 
according to the oriented wedge theory (500). The 
stability of oil-in-water emulsions of paraffinic oils 
stabilized by sodium lauryl sulfate and sodium cetyl 
sulfate was shown to increase with increasing chain 
length of the paraffin (501). It was suggested that long- 
chain paraffin molecules are strongly held at the inter- 
face by association with alkyl sulfate molecules, thus 
increasing the coherence of the interfacial film. Starch 
treated with 4-5 % glycerol monostearate formed a 
stable cream emulsion and was shown to be an effective 
emulsifier for cosmetic creams with a high water content 
(502). 


Other references pertinent to emulsions are listed in 
Table XV. 


Ointments and Creams-Particle dispersion as 
measured by the electron microscope was determined 
for salicylic acid in white petrolatum and polyethylene 
ointment bases and for a base of calcium soap and 
mineral oil (532). The rheological properties, as well as 
the consistency of the polyethylene base, were optimal 
and gave the best release of medication. The pharma- 
cology, physical chemistry, and clinical actions of 
polyethylene glycol-based ointments containing hydro- 
cortisone, antibiotics, iodine, potassium iodide, boric 
acid, sulfur, and coal tar were reviewed (533). Other 
reviews stressed the importance of selecting the correct 
vehicle for assuring greatest effectiveness of a drug 
applied to the skin (534, 535). Release of citric acid from 
ointments prepared with petrolatum or hardened soy- 
bean oil was enhanced by the addition of 1-7.5% egg 
lecithin (536). Phosphatidylcholine was considered to be 
the essential factor responsible for this effect. Ointment 
bases containing surfactants gave better release of 
salicylic acid, chloramphenicol, and tetracycline than 
bases without them (537). The HLB values of the 
surfactant incorporated into the ointment base in- 
fluenced the release pattern, but the variation did not fit 
any general pattern and differed for different bases and 
drugs. When comparing hydrophilic and hydrophobic 
bases, it was shown that sulfathiazole and potassium 
iodide revealed higher release coefficients from hydro- 
philic bases (538). 


The effect of some physicochemical properties of palm- 
seed oil on the liberation of drugs from the vehicle was 
investigated, and it was found that release was more 
rapid and greater from palmseed oil of higher iodine 
numbers and also from bases that were mixtures of 
small-chain fatty acids (539). The release of citric acid 
was determined in uitro from ointment bases composed 
of white petrolatum and various natural oils and fats 
(540). Accelerated release was observed solely after 


Table XVI-Additional References on Ointments and Creams 
~~ 


Ref- 
erence Topic 


548 
549 


550 
551 
552 


553 


554 
555 
556 
557 


558 


559 


5 60 


561 


562 
563 
564 


565 


566 


Rheological properties and composition of petrolatum 
Use of an aliphatic sulfonate type of emulsifier as an 


Technology and study of drug forms with dimexide 
Rheological testing of several emollient creams 
Effect of temperature on the consistency of hydrocar- 


Effect of composition on consistency and bleeding of 


Properties and uses of sodium alginate for ointments 
Excipients in preparations for dermatological use 
Water absorption number of ointment bases 
Technological and pharmaceutical characterization of 


dermatological preparations 
Polyethylene glycols as bases for preparing salicylic 


acid ointments 
Formulation and preparation of transparent disper- 


sions of lanolin in liquid and gel forms 
Dispersing capacity of dimethyl sulfoxide during prep- 


aration of white mercury and zinc ointments 
Effects of triglycerides of saturated and unsaturated 


fatty acids on the liberation of active substances from 
hydrocarbon ointment bases 


Review of various types of ointment bases 
Liberation of active substances from eye ointments 
Determination of the diffusion and distribution co- 


efficients of active materials in salves 
Stability testing of concentrated intermediates of sus- 


pension-type ophthalmic ointments 
Methods for testing externally applied pharmaceuticals 


ointment component 


bon ointments 


hydrocarbon salves 


addition of palmseed oil, and the rate of release was 
directly proportional to the content of palmseed oil in 
the base. Twelve protective creams containing silicone 
oil were evaluated by conductometric determination of 
diffusion rates for sulfuric acid and sodium hydroxide 
(541). The higher the diffusion rate, the lower was the 
protective capacity of the preparation. The technology 
for an anti-inflammatory ointment base for gums and 
oral mucosa was described (542). The penetration of 
crystalline particles of cosmetic and pharmaceutical 
formulations into the horny layer of human skin was 
evaluated by microscopic evaluation of stripped films 
of the stratum corneum in polarized light (543). Pene- 
tration was judged to be dependent on particle shape 
and solubility in the constituents of the horny skin layer 
rather than on particle size. A greater diffusion of 
methylene blue was obtained from an ambiphilic 
emulsion ointment on an agar base than from either 
lipophilic or hydrophilic emulsions, indicating the 
superior drug dispersal qualities of the ambiphilic 
systems (544). 


Barry and Grace (545) investigated the rheological 
parameters operative during application of topical 
preparations to  the skin. The information derived was 
used to  develop a method for instrumentally determining 
rheological conditions in routine industrial control 
procedures and a spreadability screening test for 
application during innovative work prior to field trials. 
A review was presented on the use of creams in pharma- 
ceuticals and cosmetics with examples of formulations 
and industrial manufacturing techniques (546). Polli 
et al. (547) described a laboratory investigation con- 
ducted to evaluate the use of conventional sterilizing 
techniques during manufacture of sterile topical dosage 
forms. Methods determined suitable for the sterilization 
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of active ingredients, excipients, vehicles, and packaging 
materials were reported. 


Other references pertaining to creams and ointments 
are listed in Table XVI. 


Suppositories-For lipophilic bases, the homogeneity 
of suspensions of active agents in the bases, the rheo- 
logical behavior at  37-40', the viscosity a t  40°, and the 
thixotropic index could be used as criteria for determin- 
ing the suitability of these bases for use in suppositories 
(567). The index of emulsionability, the maximum 
percentage of water that a suppository mass may con- 
tain as a stable emulsion, was determined by the 
uniformity of color given to the mass by Sudan I1 (568). 
Good emulsifying power wa's correlated with higher 
dehydration tendencies. The addition of sorbitan esters 
(Spans) or sorbitan ester-polysorbate (Span-Tween) 
mixtures to suppositories containing aminopyrine 
(amidopyrine) decreased their disintegration time and 
thus accelerated the release of the active ingredient 
(569). Approximately twice as much sodium iodide was 
absorbed in rats from rectal suppositories prepared 
with polyethylene glycol, Witepsol S, or Witepsol E as 
from those prepared with cocoa butter (570). Absorption 
was measured by l 3 I I  activity in the thyroid. 


Addition of monoglycerides to suppository bases did 
not improve the passage of drugs through a membrane 
(571). As the amount of monoglycerides in the base 
increased, the amount of liberated drug decreased. 
Triglycerides gave the opposite effect. In studies on 
Shay butter, it was determined that the addition of 20% 
hard paraffin or 15% white beeswax was necessary for 
use in suppositories (572). Gelatin and methylcellulose 
used in 2 and 0.75 % concentrations, respectively, were 
more suitable than 1 %  sodium alginate, 2% poly- 
vinylpyrrolidone, or 4% yeast in the manufacture of 
suppositories by freeze drying (573). The choice of active 
ingredients present in the suppositories and their con- 
centrations strongly affected the lyophilization proper- 
ties of the base compounds. Therefore, the appropriate 
base must be chosen to correspond with the desired 
active ingredient. 


Additional references on suppositories can be found 
in Table XVII. 


Aerosols-Several aspects of aerosols were reviewed, 
including the development of pharmaceutical aerosols 
(580), the pharmaceutical uses of aerosols (581), aerosol 
drug therapy (582), solvent propellants (583), and 
technical problems of powder aerosols and aerosol 
propellants (584). The series of events, including 


Table XVII-Additional References on Suppositories 


Ref- 
erence Topic 


574 
575 


576 


577 
578 
579 


Review of rectal drug forms and their properties 
Compatibility of chloral hydrate with lipophilic sup- 


Mechanical and rheoviscometric parameters of oleag- 


Composition of fat bases for suppositories 
Possibility of using thyrocalcitonin in suppositories 
Proposal for the modification of the formulation of 


iodochlorhydroxyquin suppositories of the Hun- 
garian National Formulary 


pository bases 


inous suppository bases 


product development, leading to the marketing of a new 
aerosol product was traced through the eyes of a cos- 
metic chemist (585). Sciarra et al. (586) investigated the 
possible formulation of various epinephrine salts such as 
malate, maleate, and fumarate for inclusion in aerosol 
dosage forms. The results of solubility studies of these 
salts in propellants indicated that the formulation of 
epinephrine salts as an aerosol dosage form must be 
accomplished through use of a cosolvent or by formulat- 
ing a dispersed system. A stable aqueous suspension of a 
mixture of thymol, peppermint oil, and eucalyptus oil 
was described for application as an aerosol (587). The 
use of nitrogen at  6 atmospheres as the propellant gave 
aerosol particles of 40-50 p in diameter. The particle- 
size distributions of four hair-spray formulations were 
measured as a function of the propellant composition 
(588). The mass median diameters of the sprays were 
found to decrease with increasing pressure of the aero- 
sol. 


A method was described for determining compara- 
tively the proportion of the emitted dose of an aerosol 
formulation that penetrated a system of wet-lined tubes 
and arrived at a filter (589). Clinical work with broncho- 
dilators showed that this method permitted comparisons 
between different formulations of the same dose of the 
same drug. By using a conifuge, measurements were 
made of the particle-size distribution of aerosols 
generated by three types of nebulizers intended for 
therapeutic use (590). After converting the size distribu- 
tion to a mass distribution, the deposition of different 
fractions in the human respiratory tract could be pre- 
dicted. The critical variables that control the movement 
of aerosol particles were found to be the size and density 
of the individual particles, their initial velocity, and the 
velocity of the surrounding air (591). These may be 
adjusted, within limits, to  promote the desired deposi- 
tion of the particles or to  prevent an unwanted deposi- 
tion. 


Timed Release-A listing of recognized types of 
timed-release dosage forms included: barrier coating, 
imbedding in a slowly eroding matrix, imbedding in a 
plastic matrix, repeat action through layering in tablets, 
mixture with ion-exchange resins, imbedding in a hydro- 
philic matrix, epoxy resin beads, soft gelatin retard cap- 
sules, and drug complexing (592). Methods of prolong- 
ing the action of antibiotics and some other drugs by 
altering molecular structure so as to decrease solubility 
and by using coatings or capsules to  delay absorption 
were discussed and evaluated (593). Hollister (594) 
suggested that although oral timed-release medications 
delay or slow absorption of drugs, the advantages are 
often slight or, at  times, disadvantageous. The oral 
antidiabetic buformin (butylbiguanide), which has a 
normal half-life of approximately 2 hr., was formulated 
in a timed-release form for which serum concentration 
remained almost constant for approximately 7 hr. (595). 
Timed-release tablets of the insoluble matrix type 
containing 15 mg. phenylpropanolamine hydrochloride 
(norephedrine chloride) and an antihistaminic were 
evaluated (596). In uiuo and in uitro drug release showed 
good agreement with all tablets except one formulation 
in which the in uitro dissolution rate depended on the pH 
of the dissolution medium. 
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Surface areas and transverse surfaces of fracture from 
timed-release tablets manufactured by the imbedding 
principle were investigated (597). Pressure-dependent 
differences in the texture of tablets influenced the drug 
release rate. Granulations for tablets with prolonged 
action were prepared containing lauric, palmitic, and 
stearic acid as adjuvants, applied by coating (598). The 
release rate in uitro decreased with the increasing molecu- 
lar weight of the acids. A method for preparing timed- 
release calcium chloride tablets in which this ingredient 
was suspended in a melt of cetyl alcohol, hydrogenated 
cottonseed oil, and stearic acid was described (599). The 
release rate of sodium salicylate from timed-release 
tablets was measured as a function of the amount of 
magnesium stearate in the tablet (600). Large amounts of 
this agent blocked the release of the active substance, 
while too small amounts caused a rapid disintegration of 
the tablets. The possible use of biodegradable polymers 
impregnated with the drug for timed-release prdpara- 
tions was discussed in terms of diffusion and perme- 
ability theories (601). 


Intravenous administration of sodium barbiturates 
formulated in a soybean oil emulsion showed prolonged- 
action effects (602). It was postulated that this effect was 
caused by the oil droplet acting as a depot, releasipg the 
drug to blood and brain capillaries by direct ccmtact, 
and, therefore, serving as a bridge between the circula- 
tion system and the blood-brain barrier. A parthteral 
suspension of microspheroids consisting of micro- 
crystals of drug surrounded by a totally enclosing semi- 
permeable protective shell was suggested as a prolonged- 
action intravenous dosage form (603). Release of drugs 
from the circulating microspheroids markedly prolonged 
the apparent biological half-life of the drug quinacrine 
hydrochloride. The alginic acid salt of pilocarpine, when 
administered as an ophthalmic disk in the cul-de-sac of 
the eye, provided a significantly greater miotic response 
than was obtained from pilocarpine solutions (604). 
This observation suggesfed that the use of solid oph- 
thalmic dosages in the treatment of glaucoma may be 
more effective and require less frequent drug administra- 
tion to produce a profonged physiological effect. 


Additional references in the area of timed release are 
listed in Table XVIII. 


Cosmetics-Microbiological contamination of cos- 
metic products continues to be a subject of great con- 
cern to the cosmetic industry. To facilitate a‘ literature 
search relevant to this critical problem, the subject of 
cosmetics has been divided into the following sub- 
classifications: microbiological contaminaticm of cos- 
metics, and aspects of formulation and tecbnology of 
cosmetics. 


Microbiological Contamination of Cosmetics-Al- 
though contamination by Gram-negative ‘organisms, 
particularly those of the pseudomonas group, is still a 
problem, the cosmetic industry continues to show a con- 
certed effort to improve the quality of its products (615). 
Three years ago, 61 of 250 samples examined were 
contaminated; last ‘year, only eight of 223 examined 
were reported contaminated. A review of the microbi- 
ological control of nonsterile products and raw materials 
was presented (616). A listing of essential oils, e.g., 
orange and thyme oils, active against Bacterium coli, 


Table XVm-Additional References on Timed Release 


Ref- 
erence 


605 


606 


607 


608 
609 
610 


61 1 


612 


61 3 


614 


Topic 


Different methods of producing long-acting oral phar- 


Review of design and formulation of pharmaceuticals 


Review of formulation materials for gradual-release 


Testing methods for sustained-release preparations 
Description of a slow-release aspirin preparation 
Release of active substances from enteric-coated gela- 


tin capsules 
Method for testing ulcerogenic effect and in vioo re- 
lease of potassium iodide from slow-release tablets 


Preparation in pharmacies of tablets with prolonged 
action 


A mathematical model for optimization of spansule 
production 


Controlled dosage of testosterone through silicone 
rubber 


maceuticals 


with sustained action 


dosage forms 


Bacterium typhi, Corynebacterium diphtheriae, S. aureus, 
Streptococcus pyogenes, and meningococcus was given 
(617), and other therapeutic properties of these oils were 
presented. 


The inhibitory effect of ethanol and propylene glycol 
against three strains of P .  aeruginosa was investigated in 
the presence and absence of 0.1% potassium sorbate 
(618). Results suggested that ethanol concentrations of 
5 %  or more may exert a preservative action and that 
10% propylene glycol is also suitable. The effect was 
augmented by addition of potassium sorbate at pH 6-7. 
Bruch (619) enumerated the common contaminating 
organisms present in nonsterile products and listed 
those that are most dangerous to certain types of prod- 
ucts. The organisms of clinical significance in pharma- 
ceutical and cosmetic preparations are “free living” 
types of Gram-negative bacilli and belong to the kleb- 
siella, enterobacter, serratia, pseudomonas, and flavo- 
bacterium groups (620). Many of them have a remark- 
able ability to survive and even to multiply in the pres- 
ence of corqmonly used disinfectant and bacteriostatic 
agents. The potential hazard to consumers from use of 
eye-area cosmetics contaminated with P .  aeruginosa 
was evaluated (621). Experimental results suggested that 
corneal destruction resulted from the organism’s 
elaboration of’ a collagenolytic enzyme, which may be 
activated in uiuo during the infective process. A full 
discussion of the importance of monitoring the chemical 
and microbiological quality of the water used in cos- 
metics was presented (622). 


Aspects of Formulation and Technology of Cosmetics- 
In suntan preparations containing a commonly used 
screening agent, oil-based vehicles gave better sunburn 
protection to human skin than oil-in-water emulsion 
vehicles (623). However, it was also reported that oil-in- 
water emulsions were superior in promoting tanning. 
Data were presented to indicate that substantive pro- 
teins, protein hydrolysates, may be useful moisturizing 
agents in skin-care products (624). Polyamino acids 
may have an immediate effect on the skin and/or hair, 
but polypeptides must be changed by enzymatic and 
acylatic processes to form polyamino acids (625). These 
processes of change often failed or were delayed, 
especially with unhealthy skin or hair, but polyamino 
acids always produced the desired results. Stratum 
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corneum, in the form of excised callus, was immersed in 
distilled water, organic solvents, and aqueous solutions 
of detergents, humectants, and soaps for different 
lengths of time (626). Weight increases were compared 
in an effort to determine the factors influencing the 
water content of skin and the conservation of this water. 
Although the chemical pyrrolidonecarboxylic acid has 
been known for many years, only recently was it re- 
ported that pyrrolidonecarboxylic acid, especially in 
salt form, was a naturally occurring moisturizing agent 
in the skin (627). 


Idson (628) reviewed the factors that .caused skin to 
retain or lose moisture, such as relative humidity, 
hygroscopic materials normally present in the skin, and 
water-binding mechanisms in the stratum corneum. In a 
discussion on humectants versus moisturizers, humec- 
tants were defined as components of cosmetic products 
that prevent water or moisture loss from the preparation 
and moisturizers as active additives which restore 
moisture to the stratum cornedm (629). 


Titanium dioxide was colored to increase its appli- 
cability in cosmetic preparations by reducing a synthetic 
vat dye to its leuco base followed by the addition of 
sufficient powdered titanium dioxide at 80" under 
carbon dioxide (630). Electron microscopy and X-ray 
analysis showed that a thin, well-adhering layer of the 
dye coated the particles. Tests to determine the safety of 
cosmetic products for infants were described. It wqs 
concluded that more attention should be paid to 
developing products best suited for the skin of particular 
age groups (631). Bell (632) predicted that, due to 
improvements in enzyme technology, the addition of 
these agents to cosmetic formulations will open a new 
field in the near future. Squalene was cited as a natural 
cosmetic raw material which could be. incorporated into 
preparations to act as an emollient, humectant, and 
lubricant (633). The interrelations between moisture 
regulators and lipids of the dermal surface were dis- 
cussed, and widely used test methods were described 
(634). Several formulas for modern cosmetic prepara- 
tions using moisturizing factors were given. 


Common ingredients used in emollient preparations 
and their contribution to emolliency, elegance, etc., were 
reviewed (635). Properties of white mineral oils and their 
application to cosmetic preparations, differences be- 
tween paraffinic and naphthenic oils, and .the require- 
ments of official compendia for these oils were discussed 
(636). The physical and chemical properties of various 
grades of white mineral oil used in cosmetic formula- 
tions were compared (637). Systems for thickeliing 
liquids using Carbopol and no alkali were described 
(638). The use of Carbopol as a thickening .agent 
depended on having polyethoxy or polyhydroxy liquids 
present, in which case the thickening is based on hydro- 
gen bonding. Courtney (639) presented an interesting 
review on the history, formulation, structure, and future 
of gels in cosmetics and toiletry products. Experimental 
results suggested that water affects the mechanical 
properties of single fibers of hair, and these in turn 
strongly influence the set-holding characteristics of hair 
tresses (640). The binding of water appeared to be a site 
binding process; i.e., interactions occurred in stoichio- 
metric ratios between the water molecules and the 


Table XIX-Additional References on Aspects of Formulation 
and Technology of Cosmetics 


Ref- 
erence Topic 


641 


642 


643 
644 
645 
646 
647 
648 
649 


650 
65 1 


652 
65 3 


654 
655 


656 
657 
658 
659 


660 


661 
662 
663 


664 


665 
666 


Origin and development of the science and technology 


Review of ointments afid transparent microemulsion 


Review of formulations for moilern hair shampoos 
Factors influencing the formulation of suncreams 
Review of light protection of skin 
Discussion and definition of moisturizers 
Behavior of moistprizers in virro and in vivo 
Petroleum derivatives as moisturizers 
Review of the properties and possible use of mont- 


morillonite in cosmetic and pharmaceutical prepara- 
tions 


Review of the role of fats and oils in cosmetics 
Listing and possible use of biologically active com- 


pounds in cosmetics 
Application of water-soluble resins to cosmetics 
Summary of the uses and activities of substances com- 


monly used in cosmetics 
Review of alkyl sulfoacetates for cosmetic use 
Review of cosmetic and toilet preparation research 


since 1968 
Review of detergent use in cosmetics 
Review of detergent use in cosmetics 
Properties and use of cationic compounds in cosmetics 
Review of biologically active substances as additives 


Cosmetic powder formulations and considerations in 


Carnelia oil.and its use in cosmetics 
Use of volatile hydrocarbons for cosmetics 
Physicochemical properties of isopropyl myristate and 


palmitate and their use in cosmetic formulations 
Review of new raw materials for cosmetic and perfume 


manufacturing introduced during 1971-1972 
Use of emulsions and their behavior on the skin 
Description of an irritation study for a feminine hy- 


giene spray 


of cosmetics 


gels 


in cosmetic greparations 


selecting a pafuming?gent 


various hydrophilic groups of the protein (carboxylic, 
amino, and peptide groups) and were governed by the 
mass action law. 


Other papers related to aspects of formulation and 
technology of cosmetics are listed in Table XIX. 


Packaging-The factors that should be taken into 
consideration when designing a "childproof" package 
were discussed (667). The mechanism, functioning, 
filling, performance, precision and constancy of dosage, 
compatibility with valve and solution, safety, and appli- 
cation of metering valves were described and discussed 
(668). The uses of polyethylene, polyvinyl chloride, 
polystyrene, and blends of these plastics and the effects 
of processing on their suitability for packaging of cos- 
metic emulsions were outlined (669). Evaluation meth- 
ods for plastics that are to be in contact with medicinal 
preparations were described (670, 671). It was stressed 
that approval of a formulation is only valid for the 
product-plastic combination (672). Polypropylene con- 
tainers were shown to be satisfactory for storing 
aqueous solutions containing common phenolic preser- 
vatives (673). Sorbic acid solutions in the same con- 
tainers deteriorated rapidly. In evaluating disposable 
rubber closures for bulk irrigating solutions, it was 
ascertained that the amount of total extractives from the 
closures was influenced by the total mass of the closure 
as well as its surface area (674). Based on the UV 
absorption decrease of aqueous solutions in the presence 
of various plastics, the effect on the stability of local 
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Table XX-Additional References on Packaging 


Ref- 
erence 


683 
684 
685 


686 


687 


688 


689 


690 


Topic 


Teratogenicity of phthalate esters in rats 
Review of plastics for packaging applications 
Some improvements in packaging materials, methods, 


In-use contamination of intravenous solutions in flex- 


Protection of pharmaceutical solutions from catalytic 


Stability of sodium bicarbonate injection stored in 


Problems involved with the development of a large- 


Use of surface-treated Parasolvex glass for pharmaceu- 


and machines 


ible plastic containers 


effects of light b y  amber glass 


polypropylene syringes 


volume radiopaque diagnostic agent 


tical solutions 
691 
692 
693 


694 


695 
696 


697 


Effects of water at 121 O on pharmaceutical glass 
Review of unit packaging of tablets and capsules 
Description of eight methods for detecting poorly 


Federal regulations regarding packaging of nitroglyc- 


Description of a new “childproof” aerosol actuator 
Description of a safety vent in aerosol cans which 


Codispensing valve system for dispensing striped aero- 


sealed pharmaceutical packages 


erin tablets at the retail level 


relieves pressure and prevents explosions 


sol foams 


anesthetics in the presence of polyamides 6 and 12 and 
high pressure polyethylene of low crystallinity was 
determined (675). Polypropylene, polyvinyl chloride, 
polystyrene, and polycarbonate had no influence. 


The biological activity and toxicity of stabilized amyl 
nitrate were not affected by long storage when cellular 
polyurethane vial closures were used (676). Effervescent 
granules were stored in various containers for 6 months 
and evaluated for carbon dioxide loss (677). Aluminum 
foil (2 mm.) provided the best protection for this type of 
product. Guidelines were presented covering the selec- 
tion of syringes in process controls and procedures for 
prepackaging parenteral drug products in hospital 
pharmacies (678). The shattering of sterile vacuum- 
sealed fluid bottles during removal of the cap was re- 
ported (679). Apparently this can occur when the cap is 
removed quickly with the bottle in an inverted or 
partially inverted position due to a “water hammer” 
effect. Instructions were presented to the practicing 
pharmacist for the packaging of nitroglycerin tablets for 
preventing loss of potency during storage (680). The use 
of varnished aluminum tubes for packaging of ophthal- 
mic ointments partly resolved the problem of metallic 
particles (681). The manufacturing process of these 
tubes for ointments was reviewed briefly, and the dif- 
ferent methods used in testing were described. Leakage 
tests, currently in general use, for flame-sealed ampuls 
were demonstrated to be inadequate for determining 
whether passages to the outside exist in finished ampuls 
(682). Those containing these passageways may or may 
not pass existing leakage tests, depending upon the 
severity of the test. 


Table XX contains additional references in the area of 
packaging. 


Equipment-A European cylindrical shredder was 
described, and its performance was evaluated for wet 
and dry granulations (698). It was shown to be com- 
parable to the Fitzpatrick mill for normally wet granula- 
tions but superior when the material was overly wetted. 


Table XXI-Additional References on Equipment 


Ref- 
erence Topic 


107 
708 Homogenizers and double-cone blenders 
709 
710 
711 


712 


Comparison of Erweka and Stokes hardness testers 


Review of fluidized-bed granulating techniques 
Comparison of fluid-bed and hot-air drying 
Description of a wet sieving method using phexane 


Cake thickness and deposition rate in plate-and-frame 
as the liquid dispersant 


filter presses 


The principle of sieving pharmaceutical materials by 
gyratory vibration was reviewed and compared with the 
efficiency of standard vibratory methods (699). For 
powder mixtures containing low concentrations of 
active materials, the Erweka planetary mixer, with a 
fixed vat, was shown to be superior to  the Erweka 
cubical mixer in the rapidity with which homogeneity 
was obtained (700). The speed of dispersion of the active 
principle throughout the excipient was greater in the 
cubical mixer, but the latter was unable to reduce the 
agglomeration of particles. Methods for testing the 
friability, disintegration time, and dissolution behavior 
of tablets using the E-70 apparatus were reviewed, and 
the details of testing, the prescribed limits of disintegra- 
tion times, and the performance of the test were 
emphasized (701). 


Shah (702) reviewed the nondrying applications of 
spray drying including stabilization, blending, use for 
reaction mixtures, timed-release formulations, and 
waste disposal with the production of useful by- 
products. The design of a continuous manufacturing 
process for an oil-in-water cosmetic cream was de- 
scribed (703). In arriving at a final process design and 
selection of equipment, emphasis was placed upon the 
determination of the basic chemistry responsible for the 
stability and characteristic consistency of the product 
and the determination of the relative importance of 
process and ingredient variations. The fundamental 
microbiological aspects of modern cleaning and steriliz- 
ing equipment were discussed (704). Beard (705) 
discussed the variables such as speed, changeover time, 
and product shape and how these considerations govern 
the choice of tablet-counting equipment. A prototype 
irradiation module was built and successfully tested 
(706). This unit could be adapted to packaging lines for 
the sterilization of packages and materials prior to filling 
at normal line speeds. 


Additional references on equipment can be found in 
Table XXI. 


PHYSICAL PHARMACY 


Methods of preparation of three polymorphs, two 
solvates, and an amorphous modification of sulfameter 
(sulphamethoxydiazine) were described (7 13). The 
interconversion of these forms under various conditions 
of heating, suspension in water, and grinding, as well as 
dissolution behavior, was studied. Thermal analysis of 
sulfanilamide polymorphs indicated that the a-, fl-, and 
&forms are transformed to  the y-form prior to melting 
(7 14). The phase-transition temperatures and heats of 
transition was as follows: a-form, 108”, 358 cal./ 
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mole; p-form, 131-141 O, 347 cal./mole; and &form, 
1OSo, 386 cal./mole. Shefter et al. (715) used X-ray 
crystallographic methods to determine the structures of 
sulfadimethoxine, sulfadoxine, and sulfisoxazole. The 
molecules had similar conformations about their 
sulfonamide linkage but had markedly different orienta- 
tions of their respective heterocyclic rings relative to the 
sulfanilamide portion of the molecule. In a study of 
polymorphism in sulfonamides, it was postulated that 
electron-withdrawing and electron-donating groups at 
the "-position influenced the strength of the hydrogen 
bonds that form and, hence, the tendency of these 
compounds to exhibit more than one crystalline form 
(716). In some cases, however, minor alterations in 
structure resulted in disproportionate changes in the 
compactness of the crystal lattice, and this fact made it 
difficult to develop broad generalizations applicable to 
large groups of compounds. 


The controversy over polymorphism in aspirin 
continued. Schwartzman (7 17) attributed apparent 
polymorphism to different crystal habits caused by 
different solvents used for crystallization, and dissimilar 
melting points to poor transfer of heat caused by the 
larger crystal size or to possible crystal defects. Other 
workers attributed the apparent polymorphism to 
salicylic acid impurities present in the aspirin samples 
tested (718). On the other hand, Borka (719) presented 
evidence for the existence of two polymorphic forms of 
aspirin. Solution phase transformation of the metastable 
Form I1 into the stable Form I was cited as further 
evidence for the existence of Form 11. 


The properties of liquid crystals were studied by 
spectroscopic or electromagnetic methods such as 
X-ray, IR, UV, NMR, double-refraction, and dielectric 
constant (720). The expansion coefficient and surface 
tension were also measured to obtain thermodynamic 
information. Phase transitions in mixtures of meso- 
morphic cholesteryl esters were studied by visual 
thermal microscopy (721). Binary mixtures of saturated 
cholesteryl esters showed transitions from the solid 
phase to the mesomorphic phase at temperatures that 
were depressed well below the phase-transition tempera- 
tures of either pure compound. The phase-transition 
temperatures in the solid, liquid crystal, and isotropic 
liquid states of four cholesteryl esters were determined 
by polarization microscopy, differential thermal analy- 
sis, and measurement of the dielectric constant and 
dielectric loss (722). Data on transition temperatures 
obtained from these various methods were generally in 
good agreement with each other and were found to be 
useful for mesophase identification. 


Dissolution rates of drugs in solid dispersions in 
polyethylene glycol 4000 were investigated, but no 
differences in dissolution rates were shown in drugs that 
were not soluble in polyethylene glycol 4000 (723). In 
cases where drugs were soluble in polyethylene glycol 
4000, an increase in dissolution rate was noted. Surpu- 
riya and Higuchi (724) studied the kinetics of cholesterol 
and desmosterol transfer from aqueous sodium lauryl 
sulfate solutions and from sodium taurocholate- 
lecithin solutions into hexadecane and vice versa by 
means of the multiparticulate dispersion technique. 
The results were discussed in terms of an interface- 


controlled mechanism being operative, involving solute- 
micelle complex or free solute in the rate-determining 
step. 


The diffusion of ephedrine, sulfathiazole, chlor- 
amphenicol, acetaminophen (paracetemol), isoniazid, 
and amphetamine in solutions of polysorbate 40, 
polysorbate 80, and polyethylene glycol 1000 monocetyl 
ether (Cetomacrogol 1000) was studied (725). With the 
exception of isoniazid, the observed diffusion coeffi- 
cients, corrected for resistance to flow, depended upon 
the surfactant used and both the drug and surfactant 
concentrations. An extensive investigation of the kinetic 
and thermodynamic aspects of the transfer of sulfon- 
amides through immiscible phases was reported (726). 
Included was a postulated activated complex for the 
interphase transfer of these compounds. A linear 
relationship with unit slope was found between the 
logarithm of the intrinsic partition coefficient of p-alkyl 
pyridines and the logarithm of the extraction constants 
of the corresponding ion-pairs of the protonated base 
chlorides, as determined in chloroform-water and 
octanol-water systems (727). Because of methylene 
increments occurring distantly from the polar portion of 
the molecule, their influence upon the oil-water parti- 
tion coefficient would be expected to be the same for the 
free base and ion-pair. Yalkowsky et al. (728) suggested 
that change in crystal structure as a function of chain 
length in alkyl p-aminobenzoates is somewhat analogous 
to micelle formation within a homologous series. The 
lower members of a surfactant series exist only as 
monomers whose properties are primarily determined 
by the polar group; but as the chain length is increased, 
the increasing amphiphilic character provides for 
orientation of the molecules into a particular structure, 
the micelle. Further increases in chain length serve to 
increase the stability of these structures relative to the 
monomeric state. 


By using diffuse reflectance spectroscopy, the interac- 
tion between dextroamphetamine sulfate and spray- 
dried lactose and dextrose in solid-solid mixtures was 
studied (729). Two new absorption maxima were 
observed in the reflectance spectra of heated samples and 
were attributed to the chemisorption of the amine 
molecules on the surface of the sugars. In preformula- 
tion studies of a lyophilized product, melting-point- 
composition diagrams were constructed and percent 
melt values at room temperature were calculated (730). 
Final product physical appearance correlated well with 
calculated percent melt as ascertained by controlled 
lyophilizations. The characteristic differences between 
one gel and another were reviewed and traced to the 
variations of framework flexibility, number and nature 
of cross-links, attractions and repulsions between 
framework elements, and interactions with solvents 
(73 1). Theoretical calculations based on the Debye- 
Huckel theory indicated that for weak monoprotic bases 
that do not involve a hydroxyl group, a stoichiometric 
pKa determined at any ionic strength would be no 
different from the thermodynamic pKa (732). The pKa's 
of two local anesthetic amines determined at several 
ionic concentrations supported this theory. Terada 
(733) described a method for determining true partition 
coefficients for amphoteric acids by determining the 
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Table XXII-Additional References on Physical Pharmacy 


erence Topic 
Ref- 


737 


739 


740 


74 1 


74 2 


743 


744 
745 


746 


738 


747 


748 


749 


7 50 


75 1 


752 


753 


754 


755 
756 
757 
758 
759 


760 
761 


762 


763 
764 
765 
766 
767 
768 
769 


Use of differential thermal analysis, in pharmaceutical 
technology for prediction of stability 


Significance of polymorphism in drug technology 
Kinetics of polymorphic transformation of sulfathi- 


azole Form I 
Kinetics of interconversion of sulfameter (sulfameth- 


oxydiazine) crystal forms 
Determination of valinomycin crystal structure by 


direct methods 
Polymorphism of mafenide (homosulfamine) by ther- 


mal analysis and IR analysis 
Determination of polymorphic forms of chloram- 


phenicol palmitate by IR spectrophotometry 
Review of aspirin polymorphism 
Preparation of aspirin (acetylsalicylic acid) studied by 


an image identification method 
Effect of temperature on the physical nature of pheno- 


barbital (phenobarbitone) produced by acid-base 
precipitation 


Physicochemical properties of lyophilized aluminum 
hydroxide 


Thermophysical characteristics of drugs and granular 
materials 


Physicochemical properties and application to phar- 
maceutical science of silicate powder 


Two new methods for the spectral determination of 
microdissociation constants 


Dissociation constants and activity coefficients of 
Carbopols by potentiometric titration 


Demonstration of an interfacial contact resistance 
during the diffusion of water in gelatin gels 


Surface tension of polymer liquids interpreted by the 
hole theory 


Calculation of electronic structure of some drugs by the 
Pople method 


Molecular estimates of molar attraction constants 
Physicochemical properties of erythromycin estolate 
Physicochemical properties of halothane 
Physicochemical properties of levarterenol bitartrate 
Physicochemical properties of meperidine hydro- 


Physicochemical properties of meprobamate 
Physicochemical properties of nortriptyline hydro- 


Physicochemical properties of propoxyphene hydro- 


Physicochemical properties of sodium cephalothin 
Physicochemical properties of sodium secobarbital 
Physicochemical properties of triamcinolone 
Physicochemical properties of triamcinolone acetonide 
Physicochemical properties of triamcinolone diacetate 
Physicochemical properties of vinblastine sulfate 
Physicochemical properties of vincristine sulfate 


chloride 


chloride 


chloride 


apparent partition coefficients as a function of pH. The 
values obtained for p-aminobenzoic acid, sulfonamide, 
and sulfameter (sulfamonomethoxine) agreed well with 
the results of others. 


One of the most potentially successful approaches to 
drug design is the attempt to place correlations between 
changes in molecular structure with changes in biolog- 
ical activity on a quantitative and predictive level (734). 
While qualitative efforts were made in this area by 
chemists and pharmacologists for over 100 years, more 
recent progress illustrates the potential of regression 
analysis, molecular orbital calculations, and parameter- 
ization using various physicochemical measurements. A 
review was presented dealing with basic areas of molecu- 
lar orbital theory important in interpreting drug activity 
(735). Peradejordi er al. (736) investigated the relations 
existing between electronic structure and base strength 
of benzacridines and their amino derivatives using semi- 


empirical molecular orbital calculations. Their results 
indicated that the energy to protonate a nitrogen 
derivative of a conjugated hydrocarbon may be divided 
into the terms AE, and AEx for changes in localized and 
delocalized energies, respectively, an energy for solva- 
tion, and a term for steric hindrance to protonation. 


Additional references relating to physical pharmacy 
are listed in Table XXII. 


Dissolution-Dissolution times of some commercially 
available tablets of sulfamethizole were measured using 
four different methods, but no correlations of predictive 
value were obtained between dissolution and absorp- 
tion parameters (770). The stationary-basket method 
discriminated best between formulations and was the 
most useful for quality control purposes. A new ap- 
proach was described for increasing the dissolution rate 
of relatively insoluble powders (771). It  was based on the 
concept of increasing the surface available for contact 
with dissolution media and was accomplished by equil- 
ibration of the drug in an organic solvent on an insolu- 
ble excipient with an extensive surface area (e.g. ,  fumed 
silicon dioxide). An increased rate of release from these 
minuscular drug delivery systems was observed in all 
instances, and it was suggested that a decrease in 
particle size was a major factor in improving the dis- 
solution rates (772). 


To minimize effects of differences in particle-surface 
areas which occurred from experiment to experiment 
and during each individual experiment, Higuchi ef al. 
(773) employed a “concentration jump” technique 
during the determination of dissolution rates in solvents 
containing complexing agents. The results demonstrated 
the importance of the magnitudes of both the diffusion 
coefficient of the complexing component in the solvent 
and of the stability constant of the complex on dissolu- 
tion kinetics. In uitro studies on the dissolution rate of 
cholesterol monohydrate crystals in micellar bile acid 
solutions showed that the addition of lecithin decreased 
the dissolution rate, even though lecithin increased the 
equilibrium solubility of cholesterol in these systems 
(774). The reduction in rates caused by lecithin was 
attributed to a large crystal-solution interfacial barrier. 


The total solubility of benzoic acid in aqueous solu- 
tions of polysorbate 80 was shown to increase linearly as 
the concentration of the surfactant was increased (775). 
Since the concentration of polysorbate 80 was increased 
with a limited increase in viscosity of the micellar 
solution, the dissolution of benzoic acid was increased to 
a maximum rate, but further increases in the concentra- 
tion of polysorbate 80 decreased the dissolution me- 
dium. Utilizing i j i  uitro studies, Tawashi and Piccolo 
(776) demonstrated that very low concentrations of 
F D & C  Blue No. 1 significantly reduced the dissolution 
rate of sulfathiazole crystals in 0.04 M sodium cholate 
solutions. These results were confirmed by in uiuo 
absorption studies in man. The intrinsic dissolution 
rates of the monohydrochloride, dihydrochloride, and 
disulfate salts of an experimental antihypertensive 
were studied (777). Although there were significant 
differences in the dissolution rates of these salts, com- 
parative hypotensive activity in anesthetized dogs 
showed that the three salts did not differ from each 
other. 
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Although the dissolution rate of powdered aspirin 
(acetylsalicylic acid) is inversely proportional to crystal 
size, the opposite was found true in tablets (778). This 
was shown to be due to the agglomeration of the fine 
particles, but this effect could be hindered by appro- 
priate adjuvants. Under stirred and sink conditions, the 
dissolution of benzoic acid in aqueous solutions of 
polysorbate 80 was shown to occur in accord with the 
diffusion layer model (779). The micellar diffusion 
coefficient was decreased as the quantity of solubilized 
species in solution was increased, presumably due to 
changes in the size and weight of the solubilized species. 
Particles dissolving in a dissolution medium initially 
decrease in linear dimension while the number of parti- 
cles remains unaltered. However, at  a particular point in 
time, the smallest particle disappears and, from that 
point on, the number of particles decreases (780). These 
phenomena were simulated on a digital computer, and 
the agglomerate dissolution pattern under sink condi- 
tions was shown to follow a cube-root law. 


The effect of low concentrations of an n-alkyl poly- 
oxyethylene surfactant on the dissolution of hydro- 
cortisone was investigated (781). It was shown that the 
plot of the dissolution rate constant uersus the sur- 
factant concentration exhibited a pronounced maxima 
at the region of the critical micelle concentration 
(CMC). Rates of dissolution of salicylic acid were 
determined at constant pH in the absence of buffer salts 
by using a pH-stat (782). The dissolution rate increased 
with increasing pH up to a maximum of pH 4. Wadke 
and Reier (783) described a method whereby transition 
temperatures and other thermodynamic parameters 
associated with the transitions of chloramphenicol 
palmitate form B, anhydrous ampicillin, and theophyl- 
line to chloramphenicol palmitate form A, ampicillin 
trihydrate, and theophylline monohydrate, respectively, 
were determined from intrinsic dissolution rates. In a 
series of papers, Kildsig and coworkers (784-787) 
investigated some parameters involved in the dissolution 
mechanism including concentration gradients, surface 
tension of solids, solid-liquid interface energies, and 
effective interfacial concentrations. The release of a 
mixture of two acidic drugs (benzoic and salicylic acids) 
and a mixture of two amphoteric drugs (sulfadiazine and 
sulfapyridine) from an inert matrix into different 
buffers was investigated using the physical model 
approach (788-790). Equations were derived describing 
the diffusional behavior and interactions of the various 
species under different conditions. The in uitro release 
of four progesterone-type steroids from a silicone 
polymer was studied by Roseman (791) and was found 
to be dependent upon the molecular structure of the 
steroid. Since the diffusion coefficients of the steroids 
were of the same magnitude, the diversity in release 
patterns was mainly attributed to the difference in the 
polymer solubilities of the steroids. 


A flow visualization technique was used to compare 
flow patterns in several kinds of dissolution apparatus in 
wide use (792). The technique readily revealed the 
undesirable characteristics and provided a rational basis 
for judging an empirically developed dissolution ap- 
paratus. The shape of the dissolution flask, which is not 
clearly defined in USP XVIII and N F  XIII, can sig- 


Table XXIII-Additional References on Dissolution 


Ref- 
erence Topic 


798 
799 
800 
801 


802 


803 
804 


805 


806 


807 


808 


809 
810 


81 1 


812 


813 


814 


815 


816 


817 


818 


819 


820 


821 


822 
823 


824 


825 


826 


827 


828 
829 
830 


Review of dissolution kinetics 
Energy changes during the dissolution process 
Kinetics of the dissolution process 
Dissolution rates of poorly soluble solids in mixed 


organic solvents 
Prediction of dissolution rates of slightly water-soluble 


r w d e r s  from simple mathematical relationships 
In uence of crystal structure on dissolution rate 
Dissolution kinetics and thermodynamic parameters 


of polymorphs of an experimental antihypertensive 
Dissolution behavior of polymorphic, pseudopoly- 


morphic, and amorphous hases of drugs 
Mathematical description o?dissolution of a series of 


crystalline and amorphous drugs 
Enhancement of dissolution rate by P-cyclodextrin in- 


clusion 
Dissolution rate of a monolayer of 1-monolaurin at 


constant area 
In virro release of active components from tablets 
Review of factors affecting dissolution rate of oral 


dosage forms 
In uirro dissolution rate of phenytoin in relation to 


particle size and specific surface area 
Rate studies on the dissolution and degradation of 


phenoxymethyl penicillin at different pH values 
Dissolution of alkyl vinyl ether-maleic anhydride co- 


polymers and their ester derivatives 
In oirro release of an amine salt by a water-soluble 


polyelectrolyte 
Linearization of dissolution rate curves by the Weibull 


distribution 
Influence of formulation factors and processing vari- 


ables on the dissolution rate of hydrochlorothiazide 
tablets 


In virro-in ciuo studies on commercially available nitro- 
furantoin tablets 


Dissolution time of aspirin tablets as a function of the 
surface area 


Critical comparison of different methods for the deter- 
mination of dissolution rate 


Review of methods for in citro dissolution rates of 
tablets 


Critical evaluation of the USP XVlII dissolution test 
for tablets 


Technical problems of the USP-NF dissolution test 
Review of dissolution tests, with some practical ex- 


amples 
Proposal for an in citro release rate as a standard re- 


quirement for oral dosage forms 
Modification and evaluation of a continuous flow ap- 


paratus for dissolution of tablets 
Dissolution rate studies of some calcium phosphates 


using the rotating-disk method 
Comparative study of the advantages of the modified 


apparatus of Warburg-type WA 01 10 for control of 
common entericcoated and timed-release tablets 


Method for the study of timed-release films 
In uirro dissolution of drugs from suspension ointments 
Comparison of ointment bases by measuring in cirro 


dissolution (release) of drugs 


nificantly affect dissolution patterns (793). Formulators 
should be aware that these differences exist, and it was 
recommended that there be more definitive specifica- 
tions for the dissolution vessel in the compendia. 
Tingstad er al. (794) described a modified, continuous 
flow column-type dissolution apparatus using com- 
mercially available components. Specific advantages of 
the flow method, especially for sublingual tablets, were 
cited. Dissolution studies were carried out on com- 
mercially available dosage forms of 300-mg. lithium 
carbonate tablets and capsules (795). Log-probability 
analysis of the data showed significant differences in the 
dissolution of the two dosage forms. The usefulness of a 
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rotating compartmentalized disk for dissolution rate 
determinations was demonstrated by the ease with 
which it discriminated between experimental capsule 
formulations and commercially available chlordiaz- 
epoxide hydrochloride capsules (796). An automatic 
multiple-channel apparatus for dissolution rate studies 
under sink conditions was developed, and an economical 
and reliable system for transmitting the experimental 
data to a remote computer was described (797). 


Table XXIll lists additional references on dissolu- 
tion. 


Solubility-Solubilization Phenomena--Both Mukerjee 
(83 1) and Nelson (832) presented interesting discussions 
on the theoretical aspects of applying the Kelvin equa- 
tion to the solubility of solids. Both refuted the concept 
that the effect of particle size on solubility is due to 
entropy changes alone. Methyl and propyl gallates were 
solubilized in aqueous solutions of surfactants which 
were polyoxyethylene ethers of cetyl alcohol, but ethyl 
gallate could not be solubilized in the same manner 
because it formed a gel-like product with the surfactants 
(833). The amount of the gel-like product formed was 
proportional to surfactant concentration and was 
greater when a larger number of polyoxyethylene ether 
units was present in the surfactant molecule. Solubility 
studies showed that testosterone was solubilized by 
glycocholate below the apparent binary CMC, although 
the solubilizing capacity was quite low (834). The com- 
plex association between testosterone and glycocholate 
suggested mixed micelle formation. Solubilities of 
phenobarbital, salicylic acid, and caffeine in a mixture of 
12 kinds of solubilizing agents and water were meas- 
ured, and the relationship between solubility and di- 
electric constant was examined (835). In  a solvent 
system of water and solubilizing agents containing only 
a hydrophilic group, a plot of dielectric constant uersiis 
the logarithm of solubility, expressed as molar fraction, 
gave a straight line; for solubilizing solvents containing 
both hydrophobic and hydrophilic groups, the same plot 
gave one flexion in the straight line, indicating that 
these solubilizing agents undergo association at  a specific 
concentration. 


The solubilities of sulfadiazine, sulfisomidine, and 
sulfadimethoxine in several normal alcohols were 
determined over a limited temperature range (836). The 
entropy of solution was used for interpreting the results, 
which showed that in most cases the entropy quantity 
increased with decreasing solubility for any particular 
solute. To understand better the solubility behavior of 
nonelectrolytes in binary polar solvents, an equation for 
predicting solubility was presented and appeared to  be 
applicable to many systems (837). Kramer and Flynn 
(838) examined the solubilities of two polysubstituted 
1,3-dioxolanes, containing a 4-(2’-piperidyl) substituent, 
as a function of pH, temperature, and solvent composi- 
tion. Mathematical equations describing the total 
solubility at any arbitrary pH in terms of the indepen- 
dent solubilities of the hydrochloride and free base 
species and the dissociation constants of the salt were 
derived and fitted to the data with good results. The 
method of sample preparation markedly influenced the 
rate of dissolution and attainment of supersaturated 
states of cholesterol in lecithin-bile salt systems (839). 


Table XXIV-Additional References on Solubility-Solubilization 
Phenomena 


Ref- 
erence Topic 


840 
841 
842 


843 
844 
845 


846 
847 
848 


849 


~~ 


Review of solubilization by surfactants 
Review of solubilization by surfactants 
Review of solubilization of soap by surface-active 


Solubility parameter theory for mixed solvent systems 
Mechanism of cosolubilization 
Interaction of papaverine hydrochloride and sodium 


Solubilization of steroid hormones 
Maximization of the water solubility of vitamin Da 
Solubilization of griseofulvin as a function of low tem- 


perature and different nonionic surface-active agents 
Solubility and solubilization studies on 3,4,4‘-tri- 
chlorobenzenesulfonanilide (Reseptyl) 


agents 


lauryl sulfate 


The equilibrium solubility of cholesterol studied as a 
function of its physical state in a model bile system was 
almost half that of the previously accepted values. The 
authors suggested that slow attainment of the equilib- 
rium state may have acted to  bias previous studies. 


Other papers of interest in the area of solubility- 
solubilization phenomena can be found in Table XXIV. 
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Mississippi-Grown Cannabis sativa L. IV: 
Effects of Gibberellic Acid and Indoleacetic Acid 


ASAAD N. MASOUD', NORMAN J. DOORENBOS*, and MAYNARD W. QUIMBY* 


Abstract 0 Four-week-old Carrrrabis satioa L. plants were treated 
with 1 ml. of gibberellic acid or indoleacetic acid at concentrations 
up to 250 p.p.m. The treatment was repeated at  weekly intervals for 
3 weeks. These plants were harvested 1 week after the last treat- 
rneht. Gibberellic acid caused a significant increase in height and 
a decrease in the weight of leaves and A'-tetrahydrocannabinol 
content, Indoleacetic acid produced no significant changes. 


Key- 0 Cartnabis Joriua L.--effects of gibberellic and in- 
doleacetic acids on plant growth and A@-tetrahydrocannabinol con- 
tent A@-Tetrahydrocannabinol content in Cannabis sarioa L.- 
effects of gibberellic and indoleacetic acids 0 Gibberellic acid- 
effect on plant growth and A@-tetrahydrocannabinol content of 
Cannabis sarioa L. 0 Indbleacefic a c i d a e c t  on plant growth 
and A@-tetrahydrocannabinol content of Cannabis satfoa L. 0 
Plant growth regulators-efkkts of gibberellic and indoleacetic 
adds on Canttabis satioa L. 


Many interesting effects upon plants have been 
demonstrated in recent years with the gibberellins and 
other plant hormones. The general effects on growth are 
increased internodal elongation, resulting in taller and 
spindlier plants. Apical dominance, a growth feature 
attributed to auxins, is strongly enhanced by the 
gibberellins (1-3). Gibberellins are reported to decrease 
alkaloid concentrations in some species (4-6) and in- 
crease the concentration of sugars and glycosides in 
Digitalis lanata (7) .  


Few studies on the cultivation of Cannabis satiaa L., 
especially of the drug type, have been reported. At the 
time this investigation was initiated, there were no re- 
ports of the effects of plant hormones on this species. 
During this study, a group reported (8) that gibberellic 
acid increased stem length, the percentage of male 
plants, and the length of the growing season arid that a 
combination of gibberellic acid and colchicine delayed 
flowering about 20 days. No data on the effects upon 
yield or concentration of Ag-tetrahydrocannabinol (111) 
were presented, and data on the quantities of gibberellic 
acid (I) and colchicine used were not included in the 
abstract. 


The objective of this investigation was to determine 
the effects of gibberellic acid (I) upon the growth and 
Ag-tetrahydrocannabinol (111) content of C. s a f i ~ a  L. 
Since it has been postulated that gibberellins act by 
increasing the diffusible auxin in plants (9), iridoleacetic 
acid (11) was included in the study. 


EXPERIMENTAL 


Procedure-Plants employed in this study were of a Mexican 
strain1 which is high in 111 and hence of the drug tyix (10). seeds 


were cultivated in rows 1 m. in width. When the plants were 4 weeks 
old, they were thinned, allowing 50 cm. between plants. 


The plants were divided into nine groups at random. Each group 
contained 20 plants. These groups included one control group, 
four kinds of treatments with I*, and four kinds of treatments with 
11'. The four treatments with each growth substance were 25 p.p.m., 
25 p.p.m. X F, 250 p.p.m., and 250 p.p.m. X F, in which F is a 
factor correlating the height of the plant at the time of application 
and its height a t  the time of the tirst application. One milliliter of 
the designated concentratioh of growth substance was applied by a 
pipet on the uppermost leaves of the treated plants. In the case of 
the F treatments, F equaled the number of milliliters applied. 
Height measurements were taken prior to the application of growth 
substances and then at weekly intervals. Plants were harvested 1 
week after the third application (fourth measurement) which 00 
curred before flowering. 


At harvesttime, each plant was uprooted and the roots were 
thoroughly washed. Plants were divided into leaf, stem, and root 
portions. Fresh weights were determined immediately in the field. 
The respective plant parts were then wrapped separately in cheese- 
cloth, marked, and placed in a warm air (50") circulating dryer. 
Dry weights were determined. The dried leaves were pooled ac- 
cording to  treatment, manicured through a I-mm. sieve, and thor- 
oughly mixed to a homogeneous mixture. 


Analysis-Samples of the pooled manicured leaf samples were 
assayed for 111. One gram of the leaf material was extracted by 
shaking overnight with 95 ethanol. The ethanolic extract was 
evaporated under reduced pressure and redissolved in 1 ml. of 95 
ethanol containing 10 mg. of the internal standard, 4-androstene- 
3,17-dione. GLC analysis was carried out using an instrument' 
equipped with a flame-ionization detector and a stainless steel 
column 0.31 cm. X 3.1 m. (0.125 in. X 10 ft.) packed with 2% 
OV-17 on 100-2OO-mesh Gas Chrom Q. Helium was used as a 
carrier gas at 40 ml./min. The oven temperature was kept at 210", 
while the inlet and detector temperatures were 250 and 280°, respec- 
tively. The areas under the peaks were directly correlated with the 
concentration of the compound using a calculated correction 
factot (11). 


The samples were then spotted on silica gel G F  plates, de- 
veloped in two solvent systems [benzene and benzene-hexane- 
diethylamine (25 : 10 : 111, and then sprayed with diazotized benzedine 
spray reagent for qualitative comparison of the cannabinoids 
present (12). 


RESULTS 


Remarkable changes in branching habit and height were ob- 
served in the pladts treated with I (Fig. 1). In general, the branch- 
ing characteristics of the Mexican strain, which is usually bushy 
with two or more main branches close to the base, demonstrated 
apical dominance. The plants acquired one main stem with longer 
internodes and fewer leaves. At the 25-p.p.m. concentration, the 
plants were healthy and the stems were strong enough for adequate 
support. At the higher concentrations of 25F, 250, and 250F, the 
plants were tall and spindly and had poor support. Furthermore, 
necroses occurred in the leaves of many of these latter plants. 


Treatment with I1 did not produce any noticeable changes in 
growth pattern. T tests on uncorrelated data were carried out on 
the height measurements (Table 1) and indicated that there was no 
difference between the groups before treatment, no difference after 


1 Second peneration seed harvested in one of the marijuana gnrdens 
of the University of Mississippi were used. Original seed was collected 
near Acapulco, Mexico, and furnished by Dr. John Scigliano, National 
Institute of Mental Health. 


2 Gibberellic acid (10% potassium salt) and indoleacetic acid (hi h- 
est purity) were purchased from LaPine Scientific Co., Chicago. fil., 
Inwington. N.  Y ., and Berkeley. Calif. 


J Beckman G C - 5  or GC-45. 
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Ngue &Effect of inddeacetic acldandgibbedlic acid on the height and bmnchhg habit of mar&ana plants. 


treatment with various concentrations of 11, and a significant in- 
crease in treatments with I utilizing the 0.05 significance level. 


Weight data of all plant parts were analyzed statistically using 
the same test (Table 11). There was no dec t  due to the treatments 
with 11. Treatments with I showed a significant decrease in the 
fresh and dry weights of the leaves at the 0.05 significance level. 


It was unexpected not to find an increase. in the stem weights. 
This indicated that there was no actual increase in the stem growth, 
but that rather the habit of growth waa changed from bushy to tall 
nonbranched. 


The concentration of 1.04x of dry weight of III in the control 
was considered as the population mean (Table 111). The standard 
deviation of this population was found to be 0.1 of dry weight, 
since this represented the limitations of the sensitivity of the pro- 
cedure and sampling techniques. Utilizing the above parameters 
and the significance level of 0.05, the concentration of 111 of the 


Table I-Height" of Plants 


treated plants was tested for signilicance. There was a significant 
decrease in the two factorial treatments of I. These data agree also 
with the dry weight and height data. The F treatments caused a 
more pronounced effect than expected. This could be interpreted 
as due to the larger volume of applied solution which is more 
evenly distributed and better absorbed in the plant and, conse- 
quently, acts on more sites producing more pronounced effects. 


TLC revealed no qualitative changes in the cannabinoids present 
in the plants. 


DISCUSSION AND CONCLUSIONS 


A typical g i b h l l i n  dec t  characterized by increased internodal 
elongation, apical dominance, and taller plants was noted. Corn 
pound I also caused a decrease in the fresh and dry weights of the 


Elapsed Days 
between 


Measurements Control I25  I25F I250 I W l F  a25 II25F II250 II250F 


0 
7 


14 
21 


45 46 45 39 38 38 38 42 39 
64 75 77 67 65 56 52 59 58 
83 116 128 99 106 76 72 77 74 


125 167 185 156 176 124 116 118 119 


a Average in centimeters per group of 20 plants. 


Table II-Weights" of C. sutiw Plant Partsb 


-kVes- 4 t m -  -ROO- -Total Wd&t/Pht- 
Treatment Fresh Dry Fresh h Y  Fresh Dry Fresh B Y  


Control 303.8 89.0 255.5 62.8 71.8 15.4 631.1 165.5 
I 25 176.6 55.8 258 .O 67.8 58.4 12.4 497.0 135.7 
I25F 133.9 44.4 261.4 66.3 53.7 11.2 448.9 119.3 
I 250 139.3 47.1 216.8 50.35 52.3 9.5 408.0 106.9 
I WIF 113.5 41.1 268 .o 61.1 50.6 11 .o 436.2 111.4 


I1 25 270.6 82.6 236.9 60.8 73.0 14.1 574.2 157.6 
I1 25F 237.5 74.6 207.3 47.98 55.8 10.92 496.3 134.6 
IIm 286.8 87.8 247.7 58.8 66.0 13.7 600.1 160.4 
I1 WIF 291.5 87.0 247.2 60.8 63.8 13.7 601.2 161.8 


In grams. b Average of 20 plants. 
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Table III-Concentration" of A'-Tetrahydrocannabinol 


----Gibberellic Acid- -1ndoleacetic Acid- 
Control 25 25F 250 250F 25 25F 250 250F 


1.04 0.90 0.60 0.89 0.65 0.78 0.96 0.90 0.91 


Average percent dry weight of two samples. 


leaves and in the content of 111. There was no effect on the stem 
weight, which suggests that the significant increase in height was 
due to a change in the growing habit from a branching plant to one 
main stem. 


The concentrations of I1 used were not high enough to induce 
any effect on the plants. Similar results were observed on Hyo- 
scyamus niger L., where concentrations of 10 and 50 p.p.m. of I 
induced significant effects on rosette plants while concentrations 
up to  500 p.p.m. of I1 applied in the same manner failed to induce 
any stem elongation. 
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Kinetics of Hydrolysis of 
Hypoglycemic l-Acyl3,5-Dimethylpyrazoles 


ARLINGTON A. FORIST' and DENNIS J. WEBER 


Abstract 0 Other investigators suggested that various 1-acyl 3,5- 
dimethylpyrazoles might owe their hypoglycemic activity to a 
nonenzymatic hydrolysis in uiuo to the potent compound 3,5-di- 
methylpyrazole. As a test of this hypothesis, relative rates of hy- 
drolysis at pH 2.0 and 6.7 (37.6") were determined for a representa- 
tive series of compounds covering a wide range of hypoglycemic 
potencies. No correlation between hydrolysis rate and activity was 
observed. 3,5-Dimethylpyrazole-l-carboxamide and 3,5dimethyl- 
pyrazole-l-N,N-dimethyIcarboxamide possess equivalent bio- 
logical activity; the former was rapidly hydrolyzed (half-life about 


Wright et al. (1) reported the hypoglycemic activities 
of a large number of pyrazoles in the intact, fasted, 
glucose-primed rat. The most active compounds were 
3,5-dimethylpyrazole (I) (2) and various 1-acyl de- 
rivatives. Preliminary experiments showed that 3,5-di- 
methylpyrazole-l-carboxamide (11) was readily hy- 


1 hr. at pH 2.0 and 6.7), whereas the latter was totally stable. Dif- 
ferences in biological activity reflect intrinsic potencies of the various 
compounds or differences in their absorption and/or metabolism. 


Keyphrases 0 3,5-Dimethylpyrazoles, 1-acyl series-kinetics of 
hydrolysis, hydrolysis ratehypoglycemic activity correlation 0 
Hypoglycemic activity-hydrolysis rate correlation-1-acyl 3 , s  
dimethylpyrazoles, kinetics of hydrolysis 0 Hydrolysis rates-l- 
acyl 3,5-dimethylpyrazole series, correlated with hypoglycemic ac- 
tivity, kinetics 


drolyzed to I at pH's encountered in oioo in the GI 
tract and the blood. As a consequence, it was suggested 
that the various l-acyl derivatives of I might owe their 
activities either to nonenzymatic hydrolysis in oioo or 
to metabolic transformation to I (1). To test the hy- 
pothesis of nonenzymatic conversion, relative rates of 
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DRUG S T A N D A R D S  


GLC Determination of Strychnine and Brucine in 
Pharmaceutical Preparations 


DAVID L. SONDACK' and WILLIAM L. KOCH 


Abstract 0 The quantitative analysis of strychnine and brucine 
in pharmaceutical preparations is described. Samples are made 
alkaline and extracted with chloroform. The organic layer is col- 
lected and evaporated. The residue is dissolved in an  aliquot of the 
internal standard solution in chloroform. Favorable quantitation 
has been achieved using papaverine as the internal standard for 
samples containing both strychnine and brucine. For samples 
containing strychnine only, brucine may be used. The rapidity and 
precision of this method represent an  improvement over previous 
assays. 


Keyphrases 0 Strychnine and brucine-GLC analysis in liquid and 
tablet formulations 0 Brucine and strychnine-GLC analysis in 
liquid and tablet formulations 0 GLC-analysis, strychnine and 
brucine formulations 


Strychnine and brucine are the most common tertiary 
Strychnos alkaloids (1). Many methods for their esti- 
mation have been described, including gravimetric and 
titrimetric analyses (2), paper chromatography (2-4), 
TLC (9, ion-exchange chromatography (6), spectro- 
photometry (7), and NMR spectroscopy (8). The two 
alkaloids have been separated by GLC (9, 10). This 
article describes the application of GLC to  the estima- 
tion of strychnine and brucine in some liquid and tablet 
formulations. 


EXPERIMENTAL' 


Materials-Helium was used as a carrier gas, and electrolytic 
hydrogen and oxygen were used in the detector. The stationary 
phase was 3.0% OV-1 on Gas Chrom Q2. 80-100 mesh, and was 
packed in borosilicate glass columns, 0.91 m. X 0.64 cm. 0.d. All 
chemicals used were reagent grade or the best quality available. 


Operating Conditions-The column was operated isothermally 
at 280" with the detector block and injection port a t  295". The 
helium flow rate was 55 ml./min. with an inlet pressure of 40 p.s.i. 
The electrometer range was 10 with an attenuation of 128. Sample 
injections of between 1 and 5 pl. were made. 


Internal Standard-Papaverine hydrochloride, 1 mg./ml. in 
chloroform, was used as an  internal standard for the formulation 
containing both strychnine and brucine. The quinine-containing 
elixirs displayed a large peak in a position to  interfere with the use of 
papaverine. Since brucine was absent from the formulations, it 
was used. Either brucine or papaverine could be used for samples 
containing strychnine alone. 


1 A gas chromatograph (Hewlett-Packard model 402) equipped with 
a flame-ionization detector was used. The detector signal was fed to an 
IBM 1800 computer for peak integration and to a I-mv. recorder 
(Honeywell Electronik 16) with a chart speed of 38.1 cm. (15 in.)/hr. 
and a 1-sec. full-scale response. Samples were injected with a 10-pl. 
syringe (Hamilton No. 701). 


2 Applied Science Laboratories, State College, Pa. 
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Figure 1-GLC of nux vomica tincture with internal standurd. Key: 
A ,  pupaverine (internal stundard); B ,  strychnine; C ,  probrth1.v a- and 
0-colubrine and icujine (10); und D ,  brucine. 


Standard Reference Solutions-For Nux Vomicu Titicturr-Ac- 
curately weigh 7 5  nig. of strychnine sulfate and 35 mg. of brucine. 
Quantitatively transfer the material t o  a 50-ml. volumetric flask. 
Dilute to  the mark with deionized water. Pipet 10 ml. of the solu- 
tion into a 60-ml. separator. Add 2 ml. of 10% sodium hydroxide 
solution and extract three times with 10-ml. portions of chloroform. 
Filter the organic phase through anhydrous sodium sulfate. Col- 
lect the filtrate in a small beaker and evaporate to dryness without 
heat. Redissolve the residue in 10 ml. of the papaverine hydro- 
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Table I -Precision and Accuracy Table TI-Assay of Some Strychnos Alkaloid Formulations 


-RE- 
Y -  RSD--- Strych- 


Formulation Strychnine Brucine nine Brucine 


Nux vomica +2.0% 4=3z + 3 z  +1% 


Iron quinine and + I  .O% - -1% 


Iron quinine and k0. 5 %  - +2% - 


Strychnine sulfate &27i - - t 2 z  - 


tincture 


strychnine tonic 


strychnine 
phosphates 


tablets 


- 


chloride internal standard solution. Inject 1-11]. quantities for 
chromatography. 


For Elixirs und l‘crblets-Accurately weigh 50 mg. of strychnine 
sulfate and quantitatively transfer the material to a 250-ml. volu- 
metric fask. Dilute to the mark with deionized water. Pipet 10 ml. 
into a 60-ml. separator. Add 2 ml. of 10% sodium hydroxide solu- 
tion and extract as abovc. Redissolve the residue in 1 ml. of the 
brucine internal standard solution. Inject I-pL quantities for chro- 
matography. 


Formulations--Nu Vomica Tincture-Pipet 10 ml. of the tincture 
into a 60-ml. separator. Direct a stream of filtered dry nitrogen a t  
the surface for 1 hr. t o  evaporate most of the alcohol. Add 5 ml. of 
lo:! sodium hydroxide and treat as described for the reference 
standard. 


Elixirs: Iroii Quiniric mid S~rycliniiir Tonic and Irori Qrtinirie arid 
S/rychniue Phosphmes-Pipet 10 ml. of the elixir into a 60-ml. 
separator. Direct a stream of filtered dry nitrogen at the surface for 
1 hr. t o  drive OK most of the alcohol. Add 5 ml. of lox sodium 
hydroxide (the pH should be greater than 11) and proceed as de- 
scribed for the reference standard. 


Tublm: Strych/rbie Sulfrrte-Obtain an average tablet weight 
using 10 tablets. Grind them to a fine powder. Accurately weigh and 
quantitatively transfer the equivalent of 1 mg. of strychnine sulfate 
to a 60-ml. separator. Add 10 ml. of deionized water and 2 ml. of 
10% sodium hydroxide. Proceed as described for the reference 
standard. 


Calculations-For each chromatogram, determine the ratio of 
thc area of the strychnine peak to that of the internal standard. 
For the nux vomica tincture, determine the ratio of the areas for 
brucine and the internal standard also. The concentration of 
strychnine i n  liquid formulations is then given by: 


X 
R sample mg. standard 


R x n d a r d  z t a n d a r d x c k  solution 


X 
10 ml. standard 
10 ml. sample standard purity X ~ 


0.78043 = mg. strychnine (free base)/ml. (Eq. 1) 


The concentration of brucine is obtained by using the appropriate 
ratios and standard weights in a similar cquation. The strychnine 
content in tablets is obtained from: 


R sample mg standard _ _ ~ _  x - L- 
R standard volume standard stock solution 


average tablet weight 
weight of sample standard purity X ?- ~ - x 


10 ml. X 0.8949‘ = mg. strychnine suifate/tablet (Eq. 2) 


RESULTS AND DISCUSSION 


The linearity of response of the chromatographic system to 1- 
PI. injections made from solutions containing 0.2-4 mg./ml. was 


3 0.7804 is the fraction of strychnine free base in the wentahydrated 
sulfate salt. 


4 0.8949 is the fraction of strychnine sulfate i n  the pentahydratc 
salt. 


NF 
Method, -GLC- 


mg. mg. 
Strych- mg. Strych- Brucine/ 


Sample nine/ml. nine/rnl. ml. 


Nux vomica 
1 
2 
3 
4 


Iron quinine and 
strychnine tonic 


Iron quinine and 
strychnine 
phosphates 


Tablets 


1 .32 1.10 0 .46  
1.22 1.20 0 .45  
1.22 1.26 0.55  
1.22 1.16 0.48 
- 0.144 - 


- 0.171 - 


* Milligrams strychnine sulfate (anhydrous) per tablet. 


ascertained. Five replicate samples of each formulation were an- 
alyzed to  detcrmine the precision of the method. Known amounts 
of reference standard were added to  samples prior t o  extraction t o  
obtain accuracy data. The results are shown in Table 1. A typical 
chromatogram is shown in Fig. 1. 


Samples of nux vomica tincture were assayed by this method 
and by the method described in N F  XI (11). The results are com- 
pared in Table 11. The N F  method requires oxidative destruction 
of brucine and other interfering alkaloids prior to titration of the 
excess acid used to  neutralize extracted strychnine. Typically, a 
standard deviation of + 5 x  is obtained, and as much as 2 days 
may be used in analyzing many samples. 


Table I1  also lists the results obtained for samples of the elixirs 
and tablets. NF XI does not describe a quantitative assay for 
strychnine in such formulations. Thus, the present assay compares 
favorably in its rapidity, precision, and accuracy. No sacrifice in 
these parameters is experienced even with such a mixture as the 
nux vomica tincture. 
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Cannabis sativa L.  (Marijuana) I1 : 
Standardized and Reliable Microscopic 
Method for Detection and 
Identification of Marijuana 


Keypbmsea 0 Marijuana-microscopic identification, differential 
staining with fast blue B 0 Cannabinoid plant tissues-micro- 
scopic identification, differential staining with fast blue B 0 Fast 
blue B chromogenic reagent-& to identify marijuana 0 
Chromogenic reagents, fast blue B-used to identify marijuana 


~~ 


Sir: 


This preliminary communication describes a highly 
reliable and easily performed procedure for the micro- 
scopic identification of marijuana’. 


It is considered desirable for an investigator to utilize 
one or more chemical methods as well as the micro- 
scopic examination of suspect material to confirm the 
presence or absence of marijuana (1). Although several 
chemical test procedures have been reported for this 
purpose (2), detailed methods dealing specifically with 
the microscopic detection of marijuana have been 
lacking in the scientific literature. 


The positive microscopic identification of marijuana 
in a particular sample is based on observing the presence 
of certain morphological structures such as the glandular 
hairs, cystolith hairs, and nonglandular hairs (3) which 
are characteristic and diagnostic for Cannabis satioa. 
However, these diagnostic criteria may be complicated 
by the fact that marijuana is frequently admixed prior 
to use with a variety of nonmarijuana plant substances 
including tobacco (Nicotiana fabacum), lavender ([AD- 
endula oficinalis), catnip (Nepeta cataria), and oregano 
(Origanum Dulgare). Indeed, in many instances we have 
examined plant material presumed to be marijuana 
but which instead proved to be composed entirely or 
in part of catnip, oregano, or lavender. The latter 
three plant species, as do many other members of the 
Labiatae (mint family), exhibit glandular hairs which, 
particularly if they are crushed and fragmented, may be 
confused with the glandular hairs of marijuana (4). 
Furthermore, Nakamura (1) recently described more 
than 80 different plant species containing cystolith 
hairs similar to those found in marijuana. 


The present study was undertaken to develop a 
microscopic method that would serve to distinguish 
marijuana unequivocally from various other plant 
species having similar morphological features. This 
method, outlined in stepwise fashion, is presented 
below: 


1. Thoroughly mix a small amount of suspect ma- 
terial (1 mg. or less) with 2 drops of clearing solution 
[chloral hydrate (75 g.), propylene glycol (10 ml.), and 
distilled water (sufficient quantity to make 100 ml.)] on 
a clean microscope slide. 


2. Carefully heat the slide from below, using a 
microburner, until the mixture boils for a total of 3 sec. 


1 The term marijuana as used herein refers to the ground stems, 
leaves, and flowering tops of C. sutiw. 


Cool momentarily, add 1 additional drop of clearing 
solution, and heat to boiling as before. Allow the slide 
to cool for 1 min. before proceeding. The chloral hy- 
drate clearing solution serves to dissolve starch and 
plant pigments and thus allows the diagnostic elements 
to be more readily observed. 


3. Treat the wet mount with 2 drops of freshly pre- 
pared chromogenic reagent [fast blue B salt2 (0.3 g.) 
and clearing solution (sufficient quantity to make 100 
ml.)], mix well, cover the preparation with a glass (not 
plastic) coverslip, and examine the prepared mount 
microscopically (100-400 X magnification). It has been 
shown that fast blue B salt couples with cannabinoid 
substances to yield characteristic red to purplecolored 
compounds (5).  Accordingly, upon microscopic ex- 
amination, cannabinoid-rich plant tissues will be ob- 
served to acquire a red-purple color. This phenomenon 
is particularly intense in the case of the marijuana 
glandular hairs. Furthermore, when one is dealing 
with a marijuanacontaining sample, the entire wet 
mount rapidly acquires the characteristic red-purple 
color which is easily observed with the naked eye. 


4. Finally, place I drop of glacial acetic acid along 
one edge of the coverslip, draw the acid beneath the 
coverslip by touching the opposite edge of the cover- 
slip with a piece of filter paper, and observe micro- 
scopically. The presence of cystolith hairs is evidenced 
by the liberation of gas (carbon dioxide) bubbles from 
the bases of these calcium carbonate-containing hairs. 


The most significant aspect of this procedure con- 
cerns the fast blue B chromogenic reagent. The use of 
this reagent allows the marijuana glandular hairs as 
well as other cannabinoid-containing elements to be 
differentially stained. Thus, for example, lactiferous 
tissue and fragments of resin both acquire the character- 
istic red-purple color. To assess the possibility of false- 
positive fast blue B reactions, we studied a large number 
of different noncannabis plant species, including many 
having glandular hairs, using the described procedure. 
In no case did we observe staining of the glandular 
hairs, although in certain instances we noted that some 
plant tissues or the entire wet mounts acquired 
diffuse pink to red-brown colors following treatment 
with fast blue B reagent. These colors, probably the 
result of the reaction of fast blue B with plant phenolic 
substances, were distinct and could usually be differ- 
entisted from the characteristic red-purple colors ob- 
served with the marijuana samples. Thus, under the 
experimental conditions described, it appears that 
fast blue B selectively stains cannabinoid-containing 
plant tissues. 


On the basis of the consistently reliable results ob- 
tained from evaluating more than 300 different plant 
species, we have found this easily performed method 
to be highly reliable for confirming the presence or 
absence of marijuana in suspect material. The method 
should find wide application in the area af forensic 
science. Further studies utilizing this method together 
with TLC will be reported subsequently. 


f o-Dianisidine diazotate, K & K Laboratories, Plainview, NY 
I1803 
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REVIEWS 


Biochemical AppllcaPtions of Mass Spectrometry. Edited by G. R. 
WALLER. Wiley, 605 Third Ave., New York, NY 10016. 1972. 
xiv + 872 pp. 21 X 28 cm. Price $49.95. 
The editor and authors of this encyclopedic work have succeeded 


admirably in assembling into one volume a large amount of theo- 
retical and practical material. 


The book is divided into five parts. Part I is an introduction and 
historical survey. Part I1 covers the. different types of spectrometers 
and contains an exhaustive section on data acquisition and process- 
ing by most of the world‘s principal mass spectrometric labora- 
tories. 


is devoted to the interpretation of mass 
spectra. These parts, consisting of 28 chapters, provide both the 
novice andexperienced investigator with a wealth of information on 
mass spectrometric applications to the entire range of biochemicals 
and compounds commonly classified as natural products. In addi- 
tion, there are excellent chapters on the “Origin of Mass Spectra.” 
how to interpret metastable ions, and field and chemical ionization 
mass spectrometry. Interdisciplinary areas such as those relating to 
drug metabolism and clinical applications are also covered. 


This welledited volume is about 60% tables and illustrations. 
The mass spectra are uniformly and clearly presented. Each chapter 
is adequately, but not excessively. referenced. A good working index 
is present so that subjects not discussed under a separate chapter, 
e.g., mass fragmentometry and GC-MS systems, can be quickly 
found. If anything, the book suffers somewhat from covering the 
literature only through 1969, since it was that long in preparation. 
Attempts have been made to update, in proof, some of the newer 
areas like chemical ionization mass spectrometry by the citation of 
more recent references. 


In summary, the book should be useful to investigators working in 
any of the areas allied with natural products and as a reference work 
for others using mass spectrometry as an analytical tool. Insofar as 
it is not out of date, it represents a how-to manual on the subject of 
data aquisition. As a final point, one would be remiss in not men- 
tioning the efforts of the editor and various contributors in present- 
ing the history and background of the entire field. 


About 8Ox of the 


Reoiewed by J. Dreyfuss 
Squibb Institute for Medical Research 
New Brunswick, NJ08903 H 


Methods and Tedrniqws la C h i d  Chemistry. By P. L WOLF, 
D. WILLIAMS, T. TSUDAKA, and L. ACOSTA. Wiley, 605 Third 
Ave., New York, NY 10016, 1972. 417 pp. 14.5 X 23 cm. Price 
$11.50. 
This publication compiles all of the currently significant chemical 


tests being utilized by the Stanford Hospital Clinical Laboratory. 
The tests are given in alphabetical order; each test monograph 
includes a discussion of the principle involved, reagents and equip- 
ment, procedure, normal values, references, and clinical interpreta- 
tion. Throughout the book, the authors have emphasized the practi- 
cal aspects of clinical chemistry. 


Staff Review 


NOTICES 
Proceedings of the International Symposium on Gas Chromatog- 


raphy-Mass Spectrometry. Organized by the Istituto di 
Richer& Farmacologiche “Mario Negri” of Milan. Edited by 
ALEIERTO FRIGERIO. Tamburini Editore s.p.a. Milano, Italy, 
1972.505~~. 17 X 24cm. 
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of the Symposium held at Chelsea College, London, December 
1971. Edited by J. W. BRIDGES, J. W. GORROD. and D. V. PARKE. 
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1972.269 pp. 17 X 25 cm. Rice $21.00. 
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Kinetics of 8-Lactamase Inactivation of Penicillins I: 
Effect of Side-Chain Structure, Ionic Strength, 
pH, and Temperature 


JOSEPH P. HOU* and JOHN W. POOLE' 


Abstract 0 The Staphylococcus aureus Tex-2 8-lactamase-catalyzed 
hydrolysis of several penicillins was shown to follow Michaelis- 
Menten kinetics. Penicillins with a lipophilic side chain had the 
highest affinity for the enzyme. Introduction of a polar group (either 
positively or negatively charged) into the side chain and/or a bulky 
diester group on the penicillin nucleus drastically lowered the bind- 
ing. Of the penicillins studied, the a-aminopenicillins were the most 
susceptible. The effect of ionic strength on the staphylococcal /3- 
lactamase hydrolysis of penicillin G and ampicillin was small, but 
the effect of pH was conspicuous. At 25", a V-shaped pH-K,,, 
profile with a pH optimum at 6.8 was obtained for penicillin G, 
while a sigmoid pH-K,,, profile with bell-shaped pH-V,, profile 
at 6.4 was obtained for the amphoteric ampicillin. The heats of 
activation of penicillin p-lactamase-catalyzed hydrolysis of peni- 
cillins was shown to vary with the enzyme species and with the 
substrate. The amphoteric penicillin had a much lower heat of 
activation value than that of the monobasic penicillin. For the S. 
aureus Tex-2 catalyzed hydrolysis of penicillin G and ampicillin, 
the heat of activation values were 7.18 and 5.17 kcal./mole at p H s  
of 6.8 and 7.4, respectively, while a value of 5.10 kcal./mole was 
obtained for the Bacillus cereus B569 catalyzed hydrolysis of ampi- 
cillin at pH 6.2. The temperature optimum for the staphylococcal 
plactamase inactivation of ampicillin at pH 7.4 may be 35-37". 


KeyphrPses Penicillins-kinetics of 8-lactamase hydrolysis, 
effect of side chain, ionic strength, pH, temperature 8-Lactamase 
hydrolysis of penicillins-kinetics, effect of side chain, ionic strength, 
pH, temperature 0 Penicillinase inactivation of penicillins- 
kinetics, effect of ionic strength, pH, temperature, side chain 0 
a-Aminopenicillins-kinetics of plactamase hydrolysis, effect of 
side chain, ionic strength, pH, temperature 


Considerable research has been conducted on the 
kinetics of the interactions between the @-lactam anti- 
biotics (the penicillins and cephalosporins) and the @- 
lactamases produced by various bacteria. Abraham and 
Newton (l), Banfield (2), Citri and coworkers (3-7), 
and Hamilton-Miller (8) investigated the kinetics of the 
bacillary @-lactamases ; Knox and Smith (9), Hamilton- 
Miller @), Crompton et al. (lo), Novick (1 l), Richmond 
(12), Gourevitch et al. (13), Smith el al. (14), and Depue 
el al. (15) studied the kinetics of the staphylococcal 
@-lactamases. The hydrolysis of penicillins by Klebsiella 
aerogenes and Bacillus Iicheniforrnis enzymes has also 
been reported (8). Compr.ehensive reviews on @- 
lactamases and @-lactamase kinetics were recently 
published by Citri and Pollock (16), Citri (17), Abraham 
(18), and Rauenbusch (19). 


Of all the penicillins, ampicillin is the most unstable 
toward the @-lactamases. Penicillin G, phenoxymethyl 
penicillin (penicillin V), phenethicillin, and propicillin 


are all hydrolyzed at a similar rate and all are more 
stable than ampicillin (1, 9). Penicillin N, cephalosporin 
C (l), and 6-aminopenicillanic acid (1 1) are only slightly 
inactivated. Methicillin, oxacillin, and cloxacillin (3-7, 
11) are resistant. 


The ability of a penicillin (I>: to  resist hydrolysis de- 
pends, to a large degree, on the nature of the side chain 
R (13, 20). Susceptible penicillins have low Michaelis 
constants (Km) and very high maximum rates (Vmu). 
Moderately resistant penicillins have Km's 30-80 times 
larger than those of the susceptible penicillins and have 
somewhat lower Vm.x'~; the resistant penicillins have 
very low Vmu's but Km's similar to  those of the mod- 
erately resistant penicillins (1 3). 


A previous article (21) reported the applicability of a 
pH-stat alkalimetric titration method in the investiga- 
tion of P-lactamase activity, substrate specificity, and 
penicillin stability. The present paper reports the effects 
of environmental factors, such as ionic strength, tem- 
perature, and pH, on the interactions between the @- 
lactamases and the penicillins. The main interest was 
the kinetic behavior of the staphylococcal and bacillary 
@-lactamase (penicillinase) catalyzed hydrolysis of 
penicillins with different side-chain groups and nucleus 
structures. It is hoped that such studies will add to the 
understanding of the mechanism of the penicillinase 
inactivation of penicillins. 


EXPERIMENTAL 


&terinls-The following penicillins were used, all of which are 
either new or established products of this laboratoryl: the potas- 
sium salts of penicillin G, phenoxymethyl penicillin, phenethicillin, 
ampicillin, and cyclacillin'; the sodium salt of q2-(1,4-cyclo- 
hexadien-1-yl)acetamido]penicillanic acid8 (I); and zwitterions of 
a(l -aminocyclopentanecaboxamido)penicillanic acid' (11) and 
6-[2-(1-aminocyclohexyl)acetamido]penicillanic acid6 (111). Also 
used were the disodium salt of carbenicillin', zwitterions of epicillin' 
(IV) and q2-amino-(3-thienyl)acetamido]penicillanic acids (V), and 
the hydrochloride salt of pivampicillinB. 


fl-~ctamases-Staphylococcus aureus Tex-2 8-lactamase was 
obtruned from the supernatant fluid of a fresh broth culture of this 
organismlo. Bacillus cereus B569 8-lactamase was obtained com- 
mercially" in crystalline form and was dissolved in a dilute (0.1 %) 
gelatin A USP solution to the desired strength. 


1 Wyeth Laboratories. 
2 wy-4508. ' Wy-12955. 
4 wv-7953. 
wG- 14903. 
&ham Laboratories. 


7 6-[2-Arnino-( i,~cyclohexadien-l-yl)acetamido]penicilanic acid, SQ 
11.302. Sauibb Institute. 


.a BBP875, Bristol Laboratories. 


10 Prepared by the Antibiotics Section. Research Division, Wyeth 


11 Riker Co. 


Leo Laboratories. 


Laboratories. 
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TaMe 1-4. aureus Tex-2 fl-Lactamase-Catalyzd Hydrolysis of Penicillins a t  25" and pH 7.08 


,-Side Chain - K,, fiM pM/min. VIQSX. of Ratio Penid in  to v-. G 
Number Penicillin Ri R1 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


Penicillin G H 


H 


H 


50 


150 


100 


150 


550 


500 


650 


750 


350 


900 


4200 


3Ooo 


130 


165 


113 


85 


303 


292 


320 


78 


117 


320 


160 


3&35 


1 .OO 


1.27 


0.87 


0.65 


2.33 


2.24 


2.46 


0.60 


0.90 


2.46 


1.23 


0.23-0.27 


PhenoxFthyl  
pemalhn 


Phenethicillin 


h3 


I 


Ampicillin 


H 


H 


V H 


IV H 


Cyclacillin 


I1 


111 


H 


H 


H 


@CH- I 
CQH 


H Carbenicillin 


- 
I 


Pivampicillin 
(ampicillin diester) 


a Substrate concentrations ranging from 2 to 12 x 1 0 - 8  M and total ionic strength of 0.026 were used for each penicillin except carbenicillin. 
The K,,, and V,,, were calculated from Lineweaver-Burk plots. 


KInetfckThe standardization of the enzyme preparations, the 
kinetic procedures, and calculations of initial rates were identical to  
those reported previously (21). The enzyme kinetic parameters 
were obtained in the following manner. 


According to conventional enzyme kinetics (22), the enzyme E 
and substrate S interact to form an enzyme-substrate complex ES 
and then decompose to enzyme E and a product P (Scheme I). The 


versus (S), the Vmex can be obtained from the slope of the plot and 
the I(, either by dividing the ordinate intercept by the slope or by 
extrnpolating the slope to the abscissa intercept, which is the same 
as the negative K,. A calculator11 was utilized for the initial rate 
computations, and the kinetic parameters were obtained graphically. 


RESULTS AND DISCUSSION 
ki ka 


E + S - E S + P  + E The S. aureus Tex-2 &lactamase-catalyzed hydrolysis was shown 
to follow Michaelis-Menten kinetics. By using 2.5 units of the 
enzyme, where the unit of activity of the 8-Iactamase is defined as 
the amount of enzyme that will hydrolyze 1.0 pmole of potassium 
penicillin G in 1 min. at 25" and pH 7.0 (buffer free), and 2.0- 
12.0 X 10-J M each of penicillin G ,  phenoxymethyl penicillin, 
phenethicillin, ampicillin, cyclacillin, Compounds 1 , I I .  I l l ,  IV, and 
V, and pivampicillin, essentially pseudo-zero-order kinetics were 
maintained in each case over most of the reaction, particularly with 
higher initial substrate concentration.. With carbenicillin, higher 
(fivefold) substrate concentrations had to be used due to i ts  rather 
high K, value, In these studies, except those on carheniciUin and 
pivampicillin, a constant ionic strength was also maintained for 
each sample. In almost all cases, rather reproducible initial rates 
were obtained. 


k1 


Scheme I 


rate of formation of product is given by: 


By taking the reciprocal of Eq. 1 and multiplying through by (S), 
the following final equation is obtained: 


where (S) is the initial substrate concentration and is the initial 
rate. From Lineweaver-Burk plots (23), by plotting the term (S)/o I *  Olivetti Underwood Programma 101. 
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Figure I-Effect of ionic strength on the S .  aureus Tex-2 6-lactamaw- 
(2.5 units) catalyzed hydrolysis of ampicillin and penicillin G at 25”. 
ThepH = 6.8 forpenicillin G and 6.4 for ampicillin. ( S )  = 2 X I&’ M 


for either penicillin. 


Effect of Penidllin Side Chain on Enzyme Kinetic Parameters- 
Table I shows the calculated K,,, and Vmx of 12 penicillins studied at 
pH 7.0 and 25”. Among the penicillins studied, penicillin G, phe- 
noxymethyl penicillin, phenethicillin, and Compound I had the 
lowest K, values (50-150 p M ) ;  i.e., they have the highest affinity 
for the active sites on the enzyme. The a-aminopenicillins (ampi- 
cillin and Compounds 1V and V) and the amino alicyclic penicillins 
(cyclacillin and Compounds 11 and 111) had a much lower affinity, 
as reflected in the higher K ,  values (350-900 pM). Carbenicillin and 
pivampicillin had the lowest afinity among the penicillins studied, 
their K, values (3000-4000 pM) being about 60-80 times higher 
than that of penicillin G. 


Thus, the penicillins with the highest affinity for j3-lactamase are 
those having aromatic benzyl (penicillin G), phenoxyalkyl, and 
1,4dihydrophenylmethyI (Compound 1) side chains. Introduction 
of a polar group (either positively or negatively charged] into the 
side-chain group significantly decreases the affinity. A similar 
finding was previously reported by Depue et al. (15). who showed 
that penicillins with a positively charged nitrogen atom (as in an 
amino or a nitro group in the side chain) have substantially lower 
affinity. 


Despite the rather low affinities of the a-aminopenicillins for the 
enzyme, their maximum rates of hydrolysis were about two times as 
fast as that of penicillin G or phenoxymethyl penicillin. The kinetic 
parameters of carbenicillin were even more unusual. Its extremely 
low affinity seemed to have little effect on its susceptihility toward 
the enzyme. Cyclacillin, on the other hand, has relatively low affin- 
ity for the enzyme and also demonstrates a rather low V,,,, value. 
However, this property was altered as a result of the addition of a 
methylene group between the amino alicyclic group and the peptide 
linkage of cyclacillin as in Compotind 111. The different kinetic 
behavior of carbenicillin and Compound I I I  from that of penicillin 
G and cyclacillin is, no doubt, related to the steric effect of their 
side chains. In general, the maximum rates of the penicillins ob- 
tained in the present studies were in accordance with their relative 
stability pattern reported previously (21). 


The drastically increased stability of pivampicillin could be 
related to its greatly decreased affinity for the enzyme. Conceivably, 
the stretched bulky diester group of pivampicillin is playing an 
important role. 


Variation in the penicillin sidethain group (R) could be expected 
to produce a drastic change in the overall lipophilic and hydrophilic 
properties of the molecule and in the enzyme kinetic parameters. 
Variation in the side chain, however, had a much greater effect on 
the K ,  than on the V,.. . Penicillin G, phenoxymethyl penicillin, and 
carbenicillin are good examples of this difference; their Vnmx 
values were essentially identical, but their K,’s differed by a factor 
of 50-80. Ampicillin and Compounds IV and V, which are all a- 
aminopenicillins and have similar biological properties1* (24-26), 
were equally susceptible toward the j3-lactamases. They were in- 
activated about 2-3 times faster (greater Vmx) than penicillin G 
despite their much lower affinity (higher K,) for the active sites of 


1’ All three are acid stable, readily absorbed after,oral administra- 
tion, and have a broad spectrum of antimicrobial activities. 


- 1  0 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
PENICILLIN G, (1) X 10’ M 


Figure 2-Effect of substrate concentration (S) at various p H s  on 
kinetics of S .  aureus Tex-2 j3-lactamase- (2.5 units) catalyzed 
hydrolysis of peniciIlin G at constant temperature (25“). (S)/v was 
plotted versus (S) at various indicated pH’s to give maximal rates 
(Vmax) and Michaelis constants (K,,,). 


the emyme. Thus. hydrolysis may depend on “favorable conforma- 
tional change” or “favorable orientation” of the active sites in the 
enzyme which, in turn, may depend on the presence of a charge 
amino group in the substrate. On the other hand, the significantly 
increased insusceptibility of cyclacillin and pivampicillin to the 
8-lactamase is probably due to catalytically “unfavorable orienta- 
tion” of the active centers in the enzyme as a result of some steric 
effect of the substrate molecule. The faster and higher serum levels 
of pivampicillin attained compared to its parent compound (27-29) 
may be partially due to its higher resistance toward 8-lactamase 
inactivation in vivo. 
Effect of Ionic Strength-At 25” and the pH optimum (21), S. 


aureus Tex-2 8-lactamase (2.5 units) was allowed to react with 
penicillin G and ampicillin (2.0 X 1W3 M), the total ionic strength 
being varied with the range of 0.005-0.5 by adding potassium 
chloride. The initial rates for both penicillin G and ampicillin were 
shown to increase directly in proportion to the salt concentration 
until a maximum rate was reached, then to slow down slightly, and 
finally to level off with a further increase in salt concentration 
(Fig. 1). In each case the maximum rate was reached at an ionic 
strength of 0.1 and began to Ievel off at 0.3. The rate increased 
about 30x as the apparent potassium chloride concentration 
progressed from 0 to 0.1 M and decreased about 207; as it con- 
tinued on to 0.3 M. Accordingly, the neutral salt concentration 
seemed to have no significant effect on the rate of P-lactamase- 
catalyzed hydrolysis, a t  least within the salt range used. 
EX& of pH on Kinetic Parameters-As mentioned previously, 


the hydrophilic and lipophilic groups on the penicillin side chain 
could effectively influence the kinetic parameters of the b-lactamase- 
catalyzed hydrolysis of penicillins a t  a neutral pH. It was of interest 
to observe the change in kinetic behavior at different pH’s, partic- 
ularly between two distinctly different types of penicillin such as 
monobasic penicillin G and amphoteric ampicillin. Accordingly, 
S.  aureus Tex-2 8-lactamase (2.5 units) was allowed to interact with 
various initial substrate concentrations of either penicillin G or 
ampicillin, holding the temperature at 25“, maintaining a constant 
total ionic strength“ (0.026 M), and varying the pH from 5 to 9. 


Virtually pseudo-zero-order kinetics were obtained for penicillin 
G at all pH’s, i.e.. the enzyme apparently was saturated with the 
substrate. Ampicillin, when applied within the usual range of 
initial substrate concentrations (2-12 X M), appeared quite 
sufficient to saturate the enzyme at neutral and higher pH’s, al- 
though at lower pH’s (<6.0) a relatively higher initial substrate 
concentration had to be used. The enzyme kinetic parameters 
K, and Vmnx were obtained from Eq. 2 by plotting (S)/v against 


1‘ The ionic strengths contributed by the substrates were calculated 
K 2.64 as the dissociation constant for the carboxyl group of using 


penicilyins and 7.25 for the amino group of ampicillin (30). 
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Figure 3-See Fig. 2 for explanation. 


(S). Figures 2 and 3 are the resulting plots for penicillin G; similar 
plots were obtained for ampicillin but are not shown. 


Penicillin G had the highest affinity for the active sites of the 
S.  airreus Tex-2 8-lactanlase or a lowest K, value at pH 6.8 than at 
other pH's. The K, values were increased about 15-fold at pH's of 
5 and 8.5 over that at pH 6.8. By plotting the K, against the pH 
(Fig. 4), a V-shaped pH-K,,, profile wap obtained. This type of curve 
may be typical for the monobasic penicillin G type of drugs. By 
plotting the Vmx wrsris pH (right-hand side of Fig. 4). a nearly 
bell-shaped pH-V,,. profile was obtained which is also in accord- 
ance with the pH optimum value of S.  arrreus Tex-2 reported pre- 
viously (21). The greatest affinity occurred at the point of highest 
rate..At p H s  other than optimum, the hydrolysis rate decreases 
significantly and simultaneously diminishes its affinity for the en- 
zyme. 


The effect of pH on the affinity characteristics of ampicillin were 
quite different from those of penicillin G. As shown in Fig. 5,  a 
sigmoid pH-K, profile was obtained for this amphoteric penicillin, 
although its pH-V,, curve was bell-shaped like those of all the 
other penicillins studied (21). Since it depends on the state of ioniza- 
tion of the substrate (and possibly on the free enzyme and enzyme- 
substrate complex), the pH has a significant effect on the K,. Thus, 
at a pH of about 5, ampicillin exists virtually in zwitterionic form 
and has the highest K, (>2OOO pM) or the lowest affinity for the 


o J , ,  , , , , , , 1 0 
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PH 
Figure &Effect of pH on maximal rate (VmaZ) and Michaelis 
constant (K,) for the S .  aureus Tex-2 8-lactamase- (2.5 units) 
catalyzed hydrolysis of penicillin G at 25 '. 
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Figure !&-Effect of pH on maximal rote (V,,,,,J and Michaelis 
comtant (K,) for the S .  aureus Tex-2 8-lactamase- (2.5 units) 
catalyzed hydrolysis of ampicillin at 25". 


active sites of the enzyme, but at pH 6-7 it exists in both zwitterionic 
and anionic species and its affinity is increased about fivefold; a t  
a pH above 8.5, essentially all of the ampicillin molecules are in 
anionic form and the K,,, (<m p M )  drops about 10-20-fold com- 
pared with that a t  a pH of 5. Accordingly, further evidence is pro- 
vided that only the positively charged amino group on the side 
chain of ampicillin is needed to account for the decreased affinity 
for the enzyme. 


The maximum S. aureus Tex-2 a-lactamase activity occurred at 
a slightly lower pH with ampicillin than with penicillin G (6.4 in- 
stead of 6.8). The difference probably involves the state of ioniza- 
tion of the enzyme-substrate complex. The maximum rate ( Vm,J 
was shown to be nearly halved at pH 5 and decreased about 10- 
fold at pH 9 compared with the value at the pH optimum (6.4). The 
decreased Vm.= at pH's other than optimum observed in the present 
studies may have been due to a conformational change or to the 
state of ionization of the enzymesubstrate complex rather than to 
an acid-base inactivation of the enzyme protein. 


EJTect of Temperature on Rate-Experiments were conducted on 
the S.  aureus Tex-2 0-lactamasecatalyzed hydrolysis of penicillin 


A n  1 ..- I 


3.0 3.1 3.2 3.3 3.4 3.5 3.6 
ioa/r 


Figwe &Effect of temperature on the maximal rate (VmaZ) of the 
S .  aureus Tex-2 8-Iactamase-catalyzed hydrolysis of two penicillins. 
The logarithm of the maximal rate (log VmaJ is plotted aaainst the 
reciprocal of the absolute temperature (loano). Ampicillin was 
hydrolyzed at pH 7.4 with 2.5 units of the enzyme; penicillin G was 
hydrolyzed at 6.8 with 5.0 units of the enzyme. 
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TaMe II-ElTect of Temperature on S. aureus Tex-2 
Kinetic Parametersa 


-Penicillin G- -Ampicillin- 
Tempera- K, X lo( V,. X 1W K,,, x lo( V - x  104 


ture M Mlrmn. M M/mn. 


- 800 100 
10" - - 750 155 
15' 200 180 650 160 
20" 80 202 600 175 
25" 35 268 460 200 
30' 25 340 350 235 


398 320 245 
258 - 300 


30 35 
37" 


455 
- 340 267 


50 40" 


- - 500 278 
42 ' 
50" 


- 5"  


- 
- 


- - 


8 Substrate concentration ranging from 40 to 240 pmoles (2 X 12 X 
10-* M) and a total ionic stren th of 0.026 were maintained cloyly for 
each penicillin. The S. aurcus +ex-2 catalyzed hydrolysis of penicillin G 
and ampicillin was conducted at p H  6.8 and 7.4. respectively.. The 
strength of the enzyme was 5.0 units for penicillin G and 2.5 units for 
ampicillin. 


G at 15-40' and pH 6.8 and of ampicillin a t  5-50' and pH 7.4. A 
constant enzyme concentration was maintained (5.0 units for pen- 
icillin G and 2.5 units for ampicillin) as well as a nearly constant 
ionic strength (0.026 M), but the substrate concentration was varied 
(2-12 X 1W3 M). The. V,,, values for different temperatures were 
obtained from Lineweaver-Burk plots (Eq. 2). Figure 6 was con- 
structed by plotting log Ymn, cersus l /T for both penicillin G and 
ampicillin. The heats of activation for the staphylococcal 8-lactam- 
ase hydrolysis of these two antibiotics, as calculated from the 
Arrhenius equation, were 7.18 and 5.17 kcal./mole, respectively. 


The B. cereus B569 j3-lactamase- (5.0 units) catalyzed hydrolysis 
of ampicillin was also investigated at 4-45" and pH 6.2. From the 
plot of the logarithms of the initial rates cersus the reciprocals of the 
absolute temperatures (not shown), the heat of activation for this 
hydrolysis was 5.10 kcal./mole. 


The curves plotted in Fig. 6 show a slight downward concavity, 
which indicates that either the breakdown of the enzyme-substrate 
complex or the affinity of the substrate for the enzyme, or both, may 
depend on the heat of activation over the indicated range of tem- 
peratures. The room temperature range of 15-30" was chosen for 
calculating the heat of activation, simply because within this range 
the rates of hydrolysis fall essentially on a straight line. As the 
temperature WBS increased toward the so-called "optimum" for 
the enzyme, the heat of activation dropped to values somewhat lower 
than those in the rmm temperature region. For penicillin G at 
30-40". it dropped from 7.18 to about 5.0-6.0 kcal./mole. At 15" 
and below, on the other hand, it increased from 7.18 to about 9.5 
kcal./mole. Similar variations were noted for the interactions of 
ampicillin with S. aureus Tex-2 and B. cereus B569 8-lactamases. 


Prior to the present study, Smith and Hamilton-Miller (31) had 
already presented data showing that the heat of activation of the 
penicillin hydrolysis is higher when catalyzed by j3-lactamases from 
Gram-positive than from Gram-negative bacteria (7-9 uersus about 
3-5 kcal./mole). No one had previously demonstrated, however, 
that the heat of activation also varies from enzyme to enzyme 
(species) in accordance with the temperature and the type of sub- 
strate used. The variance of heat of activation with temperature 
will be discussed further in the following section. 


Elfed of Temperature on Kinetic Parameters-With the pH for 
the S.  aureus Tex-2 j3-lactamase-catalyzed hydrolysis of ampicillin 
held at 7.4 and of penicillin G held at 6.8, the temperature was 
varied and the resulting kinetic parameter values, were obtained 
(Table 11). The affinity of penicillin G and ampicillin for the enzyme 
(as shown by the decrease in K,) increased with the increase in 
temperature, the highest affinity falling in the region of 30-35" for 
penicillin G and 35-37' for ampicillin and thereafter decreasing 
with any further increase in temperature. Similarly, the Vmax in- 
creased proportionately with an increase in temperature up to the 
body temperature region for both penicillins, and then the rate in- 
creased only slightly with a further increase in temperature. The 
effect of temperature, like pH and the penicillin side chain, was 
shown to be definitely greater on the K, than on the Vmx.  Figure 7 


r 320 


i - 160> 


- uo 
80 


5' 10" 15" 20' 25' 30' 35' 4(r 45" 50" 


Figure I-Effect of temperature on the S .  aureus Tex-2 j3-lactamase- 
(2.5 units) catalyzed hydrolysis of ampicillin at pH 7.4. The Michaelis 
constant (K,) is shown on the left-hand scale; the maximum rate 
(Vma=) is shown on the right-hand scale. 


TEMPERATURE 


clearly depicts the effect of temperature on the kinetic parameters 
of the S. aureus Tex-2 j3-lactamasecatalyzed hydrolysis of ampicillin 
at pH 7.4. In this system, both the rate and affinity are at a maximum 
at an apparent temperature optimum of the body temperature 
(35-37'). 


The heat of activation varying with temperature in j3-lactamase 
kinetics is not unexpected, since j3-lactamases, like other biologically 
active enzymes, are proteinaceous macromolecules. The active 
sites on the enzyme and their three-dimensional structures are ex- 
tremely sensitive to environmental factors, particularly pH and 
temperature. The observed high and low heat of activation values 
at relatively lower and higher temperatures in comparison with that 
a t  room temperature in the present staphylococcal j3-lactamase 
studies was believed due to the physical structure changes of the 
enzyme. It is conceivable that at the apparent optimal conditions 
(pH optimum and temperature optimum) of an enzyme, its active 
form molecules are overwhelming; accordingly, a faster reaction 
rate, higher affinity for a substrate, and lower heat of activation for 
the reaction are characteristic. 


SUMMARY 


The S. aureus Tex-2 j3-lactamase-catalyzed hydrolysis of several 
penicillins was shown to follow Michaelis-Menten kinetics. Varia- 
tions in side-chain structure as well as pH and temperature had a 
much greater effect on the K, than on the Vmx. Either a positively 
or negatively charged group on the penicillin side chain caused a 
drastic decrease in binding to the active sites of the enzyme. The 
a-aminopenicillins were the most readily hydrolyzed of the penicil- 
lins studied. Some side-chain groups may introduce a steric effect 
which renders the penicillin molecule less accessible to the enzyme, 
or the same reduced accessibility may result from esterification of 
the penicillin nucleus carboxyl group. The effect of a neutral salt on 
the enzyme kinetics was insignificant, but the effect of pH was 
conspicuous. At 25'. a V-shaped pH-K, profile with a pH optimum 
at 6.8 was obtained for penicillin G. while a sigmoid-shaped pH- 
K,,, profile with a maximum rate at pH 6.4 was obtained from 
ampicillin. In the temperature range of 15-30', the heat of activa- 
tion values for the S. atireits Tex-2 &lactamase-catalyzed inactiva- 
tion of penicillin G and ampicillin were 7.18 and 5.17 kcal./mole at  
p H s  of 6.8 and 7.4, respectively, while that for the B. cereus B569 
j3-lactamase-catalyzed hydrolysis of ampicillin was 5.10 kca1.l 
mole at pH 6.2. The heat of activation varies from enzyme to enzyme 
species in accordance with temperature and the type of substrate 
used. The temperature optimum for the S.  aureus Tex-2 j3-lactamase 
may be 35-37". 
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Fenfluramine Blockade of CNS Stimulant 
Effects of Amphetamines 


HARVEY J. BERGERA, CLINTON C. BROWN, and JOHN C. KRANTZ, Jr. 


Abstract 0 Fenfiuramine, 15 mg./kg. s.c., produced a slight but 
significant decrease in spontaneous motor activity in male Swiss 
mice as measured in a circular photocell activity cage. Treatment 
with fenfluramine 15 min. prior to either dextroamphetamine or 
methamphetamine, 2.5 mg./kg. i.p., significantly diminished the 
hyperactivity caused by these compounds. In a second experiment 
in mice, fenfluramine prolonged pentobarbital sleeping time, whereas 
dextroamphetamine and methamphetamine shortened barbiturate 
narcosis. Pretreatment with fenfluramine reversed the reduction of 
pentobarbital sleeping time induced by amphetamine. In a final 
experiment, it was found that fenfluramine did not produce amphet- 
amine stereotypy in male Wistar rats. Fenfluramine administered 
prior to  dextroamphetamine or methamphetamine, however, p r e  
vented the appearance of typical compulsive gnawing behavior in 


8Ox of the animals. These results, using three different indexes of 
CNS excitation, demonstrate that fenfluramine reliably antagonizes 
amphetamineinduced stimulation in mice and rats. The observed 
reduction of the CNS activity of amphetamines by fenfluramine 
points to a possible clinical application of this agent in the pro- 
phylactic management of amphetamine abuse. Preliminary clinical 
trials using various psychological tests tend to confirm that fen- 
fluramine decreases the effects of dextroamphetamine in man. 


Keyphases 0 Amphetamine-induced CNS stimulation-blockade 
effect of fenfluramine. rats, mice 0 Fenfluramine blockade- 
amphetamineinduced CNS stimulation. rats, mice 0 CNS stimula- 
tion, amphetamine induced-blockade effect of fenfluramhe, rats, 
mice 


The anorexigenic agent fenfluramine, N-ethyl-a- reduction of amphetamine toxicity in grouped mice has 


Recently, Jonsson et al. (6) showed the blockade of 
intravenous amphetamine euphoria in man by oral 
pretreatment with a-methyl-p-tyrosine, an inhibitor of 


methyl-rn-(trifluoromethyl)phenethylamine hydrochlo- been demonstrated (5). 
ride, differs from its structural analog amphetamine (1-3) 
in that it does not produce CNS stimulation yet may 
produce a sedative action (4). Furthermore, fenfluramine 
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H E S E A  RCH A R T I C L E S  


Spectrofluorometric Determination of Substituted 
Dihydroisoquinolines and Tertiary 
Tetrahydroisoquinolines as Their 
Isoquinolinium Derivatives 


J. ARTHUR F. de SILVA', NORMAN STROJNY, and NANCY MUNNO 


Abstract @ A spectrofluorometric method was developed for the de- 
termination of a substituted dihydro- and a tertiary tetrahydroiso- 
quinoline in hiological fluids haced on a chemical and/or photo- 
chemical oxidation reaction to produce the isoquinolinium deriva- 
tive$ which fluoresce strongly in acidic media. This principle was 
used for the development of assays of these compounds in blood and 
urine with sensitivity limitc in the suhmicrogram range. T1.C was 
used to estahlish the specificity of the ascays for the intact drug\ and 
their biotransformation products. The method was applied to the 
determination of blood levels and the urinary excrction of these 
Fompounds administered in the dog and in man. Both compounds 
were found to he rapidly absorbed and extensively metabolized by 
both species. 


Keyphrases 0 3,4-Di hydro- I-i\oquinoline acetamide-determina- 
tion of blood levels and urinary excretion in dogs and man. spectro- 
fluorometric assay developed 0 8-Methoxy-2-methyl-l,2,3,4-tetra- 
hydroisoquinoline--etermination of blood levelr and urinary ex- 
cretion in dogs and man, spectrofluorometric assay developed 0 Iso- 
quinoline derivatives -spectrofluorometric assay in blood and urine 
0 Blood levelc Z,J-dihydro-l-i~oquinoline acetamide and 8-meth- 
oxy-?-met hyl-I .2.3,4-tetrahydroisoquinoline, dogs, man 0 Excre- 
tion, urinary~ 3,4-dIhydro-l-isoquinoline acetamide and  8-meth- 
oxy-2-methyl-l.2.3.4-tetrahydroisoquinoline. dogs, man 0 Spec- 
trophotofluorometrq~~analysis, dihydro- and tetrahydroisoquino- 
line derivatives in blood an3  urine 


The chemistry of the isoquinoline alkaloids has been 
extensively investigated (1- 3) and has led to the syn- 
thesis of a large number of chemical derivatives of 
widely different pharmacological properties (4) such as 
analgesic ( 5 ) ,  antiviral (6-9) .  and antihypertensive (10, 
1 1 )  activities. This report describes the spectrofluoro- 
metric determination of two new members o f  this class 
of compounds, one showing antiviral activity and the 
other antihypertensive acti\ity. 3,4-Dihydro-l-iso- 
quinoline acetamide hydrochloride (I-HCI)' was syn- 
thesized by Creighton pf al. (12) (Scheme I and Table I )  
and was shown to have antiviral activity (13-15). 8- 
Methoxy-2-methyl-l,2,3,4-tetrahydroisoqllinoline hy- 
drochloride (11-HCI) was synthesized by Schenker 
er al.  (16) (Tables 1 and 11) and was clinically evaluated 
as a hypotensivc agent (17). 


Tertiary tetrahydroisoquinolines can be readily oxi- 
dized to their 2.4-dihydroisoquinoline derivatives, which 
exhibit U V  absorption and fluorescence in acidic media 


I Thc Roman numcrolc r e f u  fo the frcc bdscof the c o m p o u n d ,  thc  MILS 
of  a gikcn compound are  tndicafed h) rhe npproprmre abbrevlarlons. 
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(18). This oxidative reaction was first described by 
Knabe (18) for the oxidation of tertiary amines using 
mercuric acetate in ethylenediaminetetraacetic acid. 
He also found i t  to be a useful general reaction ap-  
plicable to a variety of tertiary tetrahydroisoquinolines. 
Knabe's method was modified by Schwartz and Rieder 
(19), who omitted ethylenediaminetetraacetic acid and 
used mercuric acetate in acetic acid and 0.1 N H2SOI. 
This modification, which was reported to give more 
quantitative and reproducible yields of the oxidation 
products, was used for the determination of etnetine and 
dehydroemetine in biological fluids (19) and for the 
determination of methopholine and its metabolites in 
man and in the rabbit (20). 


The chemical oxidation *tep usually introduces only 
one double bond in the 1,2-position of the tetrahydro- 
isoquinoline ring to form the 3,4-dihydroisoquinoline 
derivatives. This report describes a photochemical oxi- 
dation which introduces a second double bond in the 
3,4-position of the dihydroisoquinoline to form the 
fully aromatized isoquinolinium deribatives (21, 2 2 )  
(Table II), which are highly fluorescent in  acidic media. 
This phoiochemical oxidation was used to develop 
sensitive assays for the quantitation of 1 and I1 in blood 
and urine. 


F;X PER1 bf ENYA I ,  


Determination of .~..l-uihvrlro-l-isoqitirtolinc .tr-etantid-e 
Hydrorhlorirle (I-HCI) and I -Inoqiiirtolinr :tretrintidc ( I - . 4 )  
in  Blood and Urine 


Reference Standards-I-HCI. mol. ut. 121.69, m.p. 195 -197" dec. 
Siock Sn/urio,i---Weigh out 11.930 mg. of I-HCI equivalent to 


10.OOO mg. of free base. transfer into a 100-ml. volumetric actinic 
flask, and dissolve in 100 ml. of methanol. This stock solution con- 
tains 100-mcg. equivalents of free base!ml. 


Working Solitiron-Dilute 1 .O rnl. 0 1  the stock solution lo 10 ml. 
with methanol. This solution contains I0.0-mcg. equivalents of 
free baseiml.. suitable ahquo& of which are used a s  internal stan- 
dards added to blood for the determination of percent recovery. 


Standard Solution of 1-.4 ~ I-lsoqiiinolinc acetamidc. mol. wt. 
186.21. m.p. 231.5-205'dec. 


Siock a d  Workiirg So/iriioifs-weigh out 1O.ooO mg. of I-A and 
follow the procedure exactly as described for I-HCI. 


€xierna/  Sioiidurd oJ. /--The determination of percent recovery 
from hlood of added internal standards requires the use of a stan- 
dard curve of 1 in 307; trichloroacetic acid exposed to L'V light 
under similar conditions as the internal standard. 


Weigh out  11.930 mg. of I-HCI equivalent to 1O.OOO mg. of 
free base, transfer into a 100-ml. volumetric actinic llask, and dis- 







T a b  I-Chemical Names and Physical Properties of Compounds Referred to in Scheme I and Table I1 


Compound Chemical Name 
Molecular Reference 


Weight Melting Point Synthesis 


I-HCI 
I-A 
II-HCI 


Ill-HCI 


IV-HCI 


V-HCI 


II-A-HI 


Ill-A-HCI 
IV-A 
V-A 
II-B-HI 
111-B-HCI 


JV-B-HI 
V-B-HCI 


3,4-Dihydro-l-isoquinolineacetamide hydrochloride 
I-lsoquinolineacetamide 
8-Methoxy-2-methyl-] ,2,3,4-tetrahydroisoquinoline 


8-Methoxy- I ,2,3,4-tetrahydroisoquinoline 


2-Methyl-], 2,3,4-tetrahydro-8-isoquinolinol 


1,2,3,4-Tetrahydro-8-isoquinolinol hydrochloride 


8-Methoxy-2-methyl-3,4-dihydroisoquinolinium 


8-Methoxy-3,4-dihydroisoquinoline hydrochloride 
2-Methyl-3,4-dihydro8-isoquinolinol 
3,4-Dihydro-8-isoquinolinol 
8-Methoxy-2-methylisoquinolinium iodide 
8-Methoxyisoquinoline hydrochloride 


8-Hydroxy-2-methylisoquinolinium iodide 
8-lsoquinolinol hydrochloride 


hydrochloride 


hydrochloride 


hydrochloride 


iodide 


224.69 195-197" d a .  
186.21 (BY 204-205" dec. 
213.70 21 5-21 6 


199.68 261-262.5" 


199.71 243-244" 
163.21 (B) 173-174.5' (B) 
185.68 271-272" 
149.18 (B) 181-181.5" (B) 
303. I5 182-182.5" d a .  


197.70 175-175.5" 
162.18 - 
147.18 156157" 
301.13 231-232" 
195.65 17@-I76 5' der. ~ . . . . - - - _ _  . 
159.15 (B) 50.5-51.5" (B) 
287.11 220-221 O dec. 
181.65 
145.15 (B) 210-21 1 (B) 


240-242 ' 


I2 


16, 21 


16,21 


16 
21 
16 
21 
21 


21 
N.SC 


16, 21 
16, 21 
16, 21 
16, 21 
22 
22 


-b 


b 


(B) = free base of compound. * F. Schenker. Department of Chemical Research, Hoffmann-La Roche Inc., Nutley, N. J., unpublished data, 
1967. c N.S. = not synthesized. 


Table 11-Postulated Chemical Reactions of II  and Its Desmethyl Analogs 


Wavelength 
--nm.) Of-- 


-R Group--- oxidation oxidation derivative Activa- Emis- 
Ri Rr Parent Compound Intermediate Fluorophore tion sion 


chemical photochemical 
-tetrahydroisoquinoline - 3,4-dihydro derivative - isoquinolinium- 


irradiated for 15 min. 


N-h Pyro-Lux R-57 lamp 


II-B 370 458 
Ill-B 370 458 


-CH3 --CHI II 11-A 
-CH3 -H Il l  Ill-A 
-H --CHI IV IV-A IV-B 425 525 
-H --H V V-A V-B 425 525 


9? mercuric acetate-acetic acid 


F - h  0.1 N H2S0, a t  100. for 30 min. 0 


R, 


solve in a minimal amount of water. Add 0.6 ml. of 0.1 N NaOH 
to liberate the free base*, which is insoluble in aqueous media, re- 
sulting in a turbid solution. Add 25 ml. of 30% trichloroacetic acid 
solution to dissolve the free base. Make to volume with 30% 
trichloroacetic acid solution. This stock solution of 1 contains 10 
mg. free base/100 ml. or 100 mcg./ml. 


Make serial dilutions of this stock solution in 30% trichloro- 
acetic acid to give standard solutions containing 0.125,0.25, 0.50, 
1.0, and 2.0 mcg. of free base/ml. to be used in making an external 
standard curve. 


Extenid Standards of I-A-Dissolve 1O.OOO mg. of compound in 
100 ml. of 30% trichloroacetic acid. Make serial dilutions of this 
solution in 30% trichloroacetic acid to give standard solutions con- 
taining 0.125, 0.25,0.50, 1.0, and 2.0 mcg./ml. Use these solutions 
to prepare an external standard curve of I-A (described later). 


Reagents-The following were used: ether3 (peroxide free), 1.0 
M pH 9.0 borate--potassium carbonate-potassium chloride buffer 
solution (23). 30% trichloroacetic acid in distilled water, 5 N NaOH 
in distilled water, 1 N HCI in distilled water', andO.l % bromthymol 
blue indicator in 50% alcohol. 


Procedure for Blood and Urine-To 1.0 ml. of blood in a 50-ml. 
centrifuge tube, add 5 ml. of pH 9.0 buffer and 15 ml. of ether. 
Stopper the tube and shake for I5 min. on a reciprocating shaker. 
Along with the samples, run a 1-ml. specimen of control blood (taken 


* This procedure is necessary becaux only the free base (I) dissolved in 
30x  trichloroacetic acid gives an optimal, photochemically produced 
yield of I-A. When I-HCI was dissolved directly in 30% trichloroacetic 
acid and irradiated, it gave only 25 % of the fluorescence yield as that 
produced by I.  


8 Mallinckrodt anhydrous analytical reagent grade diethy lether 
from a freshly opened can may be used for up to 4 days after opening. 


4 Acculate. 


prior to medication) and duplicate I-ml. specimens of control 
blood containing 1.0 mcg. of both I-HCI and I-A (0.1 ml. of each 
working solution) added as internal standards. 


To 1.0 ml. of urine, add 4 ml. of 2 N NaOH and 15 ml. of ether 
and extract as described for blood. Along with the samples, run 
1 .O ml. of control urine and duplicate 1 .O-ml. specimens of control 
urine containing 1.0 mcg. of both I-HCI and I-A added as internal 
standards. 


Centrifuge all samples for 10 min. a t  Moo r.p.m., preferably at 
0-4" in a refrigerated centrifuge; then transfer the ether layw 


I CH?-C-NH, 
CH, -C - NH: 


0 
II 
0 


I1 
I-HCI I-A 


I I 
0.1 N NaOH + 30% trichloroacetic acid in 30% trichloroacetic acid 


light exposed.  1 hr. intrinsic fluorescence 


/ 
Scheme I-Postulated chemical reactions of I and its biorransforma- 


lion to I-A 
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Figure 1-Linear dynamic range oJfluorescence versus concentralion 
of I and I-A in 30 trichloroacetic acid. 


quantitatively into another 50-ml. centrifuge tube and evaporate 
to dryness. Repeat the extraction of each specimen with another 
15-ml. portion of ether, combine the ether extracts, and evaporate 
to dryness. 


Each residue is then dissolved in 100 pl. of methanol, which is 
transferred quantitatively onto a 20 X 20-cm. silica gel G/F2;, thin- 
layer chromatoplateb. The chromatogram is developed in ethyl 
acetate- methanol-concentrated ammonium hydroxide (95:4 :2), 
ascending for 12 cm. The intact drug (I,  Rf 0.6) and the metabolite 
(I-A, It, 0.3) are detected by their intrinsic blue-green fluorescence 
under shortwave UV light and are identified by reference to the RI 
values of authentic standards run alongside the sample extracts. 
The areas on the plate corresponding to I and I-A are scraped off 
immediately after development6 and transferred into separate 15- 
ml. centrifuge tubes. Both 1 and I-A are eluted from the silica gel 
with 4 ml. of 30 % trichloroacetic acid by slurring vigorously on a 
high-speed mixer7 for 60 sec. After centrifugation of the silica gel, 
the clear supernates are transferred into a fresh set of 15-ml. cen- 
trifuge tubes. At this point in the assay, a series of external standards 
of I and I-A in 30% trichloroacetic acid are prepared by trans- 
ferring 4-ml. aliquots of each standard solution into separate 15-ml. 
centrifuge tubes. The external standards and biological specimens 
containing I only are then stoppered and exposed for 60 mh.  to 
high intensity light from a lamps contained in an aluminum foil- 
lined box. The samples are placed in a single row 30.48 cm. (12 in.) 
away from the light source to standardize the photochemical 
formation of the fluorophore prior to fluorometric analysis. The 
intrinsic fluorescence of I-A in the external and internal standards 
and of the metabolite in the biological specimen is measured di- 
rectly without prior light exposure. 


Fluorometric Analysis--Read the fluorescence (TM)O of all the 
solutions in a I-cm. path cell at 380 nm., activating at 335 nm. and 
using 4 ml. of irradiated 3 0 x  trichloroacetic acid as the reagent 
blank. 


Plot external standard curves for 1 and I-A of the respective 
fluorescence units corrected for blank uersus concentration of stan- 


6 Brinkmann FZM. 
4 Compounds I and I-A are unstable to atmospheric oxidation and 


light exposure, especially ona thin-layer chromatoplate. Both compounds 
undergo extensive oxidation on exposure to the atmosphere and also 
when irradiated on the TLC plate by a Pyro-Lux R-57 lamp. Therefore, 
immediately following TLC separation of the biological extracts, the 
silica gel areas corresponding to I and I-A must be scraped off. eluted, 
and processed for fluorometric analysis as described. 


7 Vortex Super-Mix. 


s (TM)  = transmittance(T) X metwmultiplier factor(M). Allfluores- 
cencc measurements were made in a Farrand spectrofluorometer 
equipped with a xenon arc energy source and an RCA 1P-28 photo- 
multiplier. The 10-nm. slit arrangement was uscd in all four positions. 
The monochromators were corrected for the fundamental mercury lines, 
but the fluorescence measurements were iiot corrected for ener y and 
other instrumental artifacts. The instrument sensitivity was atlusted 
for maximum energy for each day, using a Pyrex referencc rod and a 
standard solution of the compound to he analyzed. 


Pyro-Lux R-57. Luxor Corp.. N. Y. 


dard (micrograms per milliliter) (Fig. I) ,  from which the recovery of 
the internal standards of I-HCI and I-A added to blood or urine 
can be determined. 


The fluorescence readings of the biological samples are corrected 
for control blood or urine blank readings, while that of the external 
standards of I and I-A are corrected for reagent blank (30% tri- 
chloroacetic acid) readings. The concentration of each compound 
in the unknown is determined by direct comparison to the fluores- 
cence reading of the respective internal standard. The percent re- 
covery of the added internal standards of I-HCI and I-A may  
be determined by direct comparison to the fluorescence reading of 
the respective external standards. 


Calculatlons-Detrrmincrrion of I and I-A in Blood and Urine - 


_- TM~SO of unknown 
TMso of internal standard X 


concentration of internal standard (1.0 mcg. 1 or I-A, = - - __ ._ -__ 
ml. sample assayed 
mcg. I and I -A/d .  blood or urine (Eq. 1) 


Derermination of Percent Recocery of I arid I-A- 


[TM/mcg./ml.] internal standard 
[TM/mcg./ml.] external standard X 100 = percent recovery -__- _- - - - 


(Eq. 2) 


The percent recovery of internal standards should be determined 
routinely as a check on analytical precision and reproducibility. 


Determination of 8-Methoxy-2-methyl-l,2,3,4-tetrahydro- 
isoquinoline Hydrochloride (11-IICI) and Its Metabolites in 
Blood and I:rine 


Reference Standards--11-HCI, mol. wt. 213.70, m.p. 213-214". 
Srock Solurion--Weigh out 12.10 mg. of 11-HCI equivalent 


to 10.00 mg. of free base, transfer into a 10-ml. volumetric actinic 
flask, and make to volume in absolute ethanol. This stock solution 
contains 1 mg. of Il/ml. 


Working Solution-Make two serial 1 : 10 dilutions of the stock 
solution with ethanol to yield a working solution containing 10 
mcg./ml. Suitable aliquots of this solution are used as internal 
standards added to blood for the determination of percent recovery. 


€x/ernd Standard of 11--The determination of percent recovery 
from blood of added internal standards requires the usc of a stan- 
dard curve of 11 in 0.1 N HSO,, oxidized in mercuric acetate- 
acetic acid and exposed-to light under the same conditions as the 
internal standards. 


Weigh out 12.100 mg. of 11-HCI equivalent to 1O.OOO mg. of 
free base, transfer into a 10-ml. volumetric actinic flask, and dis- 
solve in a minimal amount of water (1 - I .5 ml.). Add 0.6 ml. of 0.1 
N NaOH to liberate the free base, which is insoluble in aqueous 
media, resulting in a turbid solution. Add 5 ml. of 0.1 N H 6 0 1  
solution to dissolve the free base, and make to volume with 0.1 N 
HzSO, solution. This stock solution contains 1 .O-mg. equivalent of 
Il/ml. Make serial dilutions of this solution with 0.1 N HSO, to 
give standard solutions containing 0.125-, 0.25-, 0.50-, I . @ ,  and 
2.0-mcg. equivalents of ll/ml. to be used in making a standard 
curve (Fig 2.). 


Reagents-The following were used: ether (peroxide free), 0.1 
N HrS04 in distilled water, and 1.0 and 0.1 N NaOH solutions in 
distilled water. For mercuric acetate reagent (pH 6.0). dissolve 32.4 
g. of sodium acetate (anhydrous), 1.0 g. mercuric acetate, and 3 
ml. of glacial acetic acid/100 ml. of distilled water. This solution 
must be made fresh every 2-3 days due to precipitation and crystal- 
lization of the salt. For 1.0 M phosphate buffer (pH 5.51, dissolve 
138.01 g. of NaH2P04.H*0 in distilled water and make to I 1. Ti- 
trate to pH 5.5 with 1 .O N NaOH, and mix well by inversion. 


An enzyme preparation lo  containing 100,OOO units of glucuroni- 
dase and 50,OOO units of sulFatase/ml. is available commercially. 


Procedure--~.~.tracrio~ of Blood rrnd LIriuP-To I .O ml. of blood 
or 4.0 ml. of urine in a 50-ml. centrifuge tube, add 4 ml. of 1.0 N 
NaOH solution and 15 ml. of ether. Stopper the tubes and shake 
for 15 min. on a reciprocating shaker. Along with the samples, run 
a 1-ml. specimen of control blood or 4 ml. of control urine (taken 
prior to medication) and duplicate 1-ml. specimens of control blood 


10 Glusulase, Endo Laboratories, Inc.. Garden City. N. Y. 
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or 4-ml. specimens of control urine containing 0.50 mcg. I1 (50 PI. 
of the working solution evaporated to dryness under nitrogen). 


Centrifuge all samples for 10 min. at 2000 r.p.m., preferably in 
a refrigerated centrifuge at &So, and transfer the ether phase quanti- 
tatively into another 50-ml. centrifuge tube. Repeat the extraction 
with a second 10-ml. portion of ether, centrifuge, and combine the 
ether extracts. The whole blood specimen is discarded at this point, 
but the urine specimen is saved for further analysis of the con- 
jugated metabolites. 


Assay in Blood-The combined ether extracts of blood are back- 
extracted with 2 ml. of 0.1 N H&04 by shaking for 15 min. Centri- 
fuge at 2000 r.p.m. at loom temperature for 5 rnin., and aspirate 
off the supernatant ether layer. 


The sulfuric acid extract is backwashed with two 10-ml. portions 
of ether by shaking for 5 min. each, centrifuging, and aspirating off 
the ether layer. To the ether-washed sulfuric acid extract, add 2 ml. 
of mercuric acetate reagent and place in a boiling water bath. Allow 
5 min. for equilibration to expel all residual ether from the acid. 


At this stage in the assay, pipet 2-ml. aliquots of each standard 
solution of the external standards of I1 into 15-ml. centrifuge tubes, 
add 2 ml. of the mercuric acetate reagent into each tube, and process 
these samples through the rest of the procedure along with the bio- 
logical extracts. Stopper the tubes tightly (seal with a drop of dis- 
tilled water), and allow the chemical oxidation step to proceed for 
30 min. in a boiling water bath (100"). Then cool the samples to 
room temperature, wipe the tubes dry prior to irradiation, and ex- 
pose all samples including the external standards of 11 directly to 
high intensity light from a lamp* contained in an aluminum foil- 
lined box. The samples must be arranged in a single row in a suitable 
rack and placed 30.48 cm. (12 in.) from the light source. Expose for 
15 min. to complete the photochemical oxidation reaction for op- 
timal fluorophore formation. The fluorescence of each sample is 
read in a l c m .  path quartz cell at 458 nm., activating at 370 nm., 
within 1 hr. after light exposure. The concentrations in the un- 
knowns are calculated by direct comparison to the corrected fluo- 
rescence of the internal standards: 


X 
TMt@ of unknown 


TM,s  of internal standard 
_ _ _ ~  - _ _  


concentration of internal standard (0.5 mcg,) 
ml. sample assayed = mcg. II/ml. blood - - - - - - 


(Eq. 3) 


Assay in Urine-The initial ether extract of the urine contains 
unconjugated metabolites in addition to the parent compound. To 
assay for conjugated metabolites, the ether-extracted urine specimen 
is transferred into a 50-ml. erlenmeyer flask, titrated potentiometri- 
cally to pH 5.5 with 2 N HCl, and buffered with 5 ml. of 1.0 M 
phosphate buffer (pH 5.5). The enzyme preparation is added to a 
final concentration of 1 % (v/v), and the flask is stoppered loosely 
with cotton and incubated at 37" for 2 hr. in a Dubnoff incubation 
shaker with mild reciprocation. After incubation, the samples are 
cooled to room temperature, transferred into 50-ml. centrifuge 
tubes, and extracted at pH 5.5 with 2 X 15-ml. portions of ether 
to remove the deconjugated weakly acidic phenolic metabolites. 
The urine specimen is then made strongly alkaline (pH 14) with 
sufficient 10 N NaOH and is reextracted with 2 X 15-ml. portions of 
ether to remove the deconjugated basic metabolites. 


The three separate ether extracts of urine are evaporated to dry- 
ness, and the residues are dissolved in 100 pl. of methanol and 
transferred quantitatively onto separate 20 X 20cm. silica gel G/F 
thin-layer chromatoplatesb. The TLC plates are developed in a 
vapor-saturated chamber containing ethyl acetate-methanol- 
ammonium hydroxide (90: 10: 1 )  until the solvent front has as- 
cended 12--15 cm. The plates are air dried after development, sprayed 
with 0.1 N HSO, followed by the mercuric acetate-acetic acid 
reagent, and then heated for 10 min. in an oven at 100". The parent 
drug (11) is located as a highly fluorescent (blue-green) spot (Rf 
0.4-0.5) by reference to the R, of an authentic standard of 1 .O mcg. 
of 11 r u n  alongside the sample extiacts. All drug-related components 
fluoresce with characteristically different colors when viewed under 
longwave UV light, especially the polar metabolites seen at the 
origin and slightly above it. 


The major urinary metabolites, the N-desmethyl analog (111, R, 
0.10), the Odesmethyl analog (IV, R, 0.20), and the tetrahydro-8- 
isoquinolinol analog (V, Rf 0.08) can be readily identified by the 


very distinctive colors of the fluorophores formed on the TLC plate 
after the initial oxidative spray treatment and by comparison with 
the RI values of authentic standards run alongside the sample ex- 
tracts. 


Scrape the silica gel from the fluorescent areas on the plate cor- 
responding to 11 into 15-ml. conical centrifuge tubes, add 3 ml. of 
0.1 N HISO,, and slurry on a supermixer' for 1 min. to dissolve the 
compound in the acid phase. Wash the acid phase with 5 ml. of 
ether by slurring on the supermixer for 1 rnin., centrifuge, and then 
remove the ether layer by aspiration. If the acid phase does not 
appear clear (water white) when viewed against the light, repeat the 
ether wash. Transfer a 2-ml. aliquot of the ether-washed sulfuric 
acid solution into another 15-ml. centrifuge tube, taking care not 
to disturb the silica gel at the bottom of the 15-ml. tube. Proceed as 
described for blood to complete the chemical and photochemical 
oxidation process for fluorophore formation and quantitate fluoro- 
metrically as described for blood. 


Determination of Percent Recovery of 11 from Blood and U r i n e  
The recovery of internal standards of I1 may be determined by com- 
parison of the corrected fluorescence of the internal standard against 
that of an external standard as described earlier for 1. 


RESULTS AND DISCUSSION 


Tertiary tetrahydroisoquinolines are basic compounds and are 
extracted into polar solvents such as ether or ethyl acetate at a pH 
greater than 9.0. Compounds I-HCI and 11-HCl were quanti- 
tatively extracted from blood or urine into ether a t  pH 9.0 or above 
as their respective free bases and back-extracted into dilute acid 
(0.1 N HSOI or HCl). This property was used as an effective 
"cleanup" step prior to quantitation. Both compounds have suffi- 
cient U V  absorbance in dilute acids for quantitation with sensitivity 
in the microgram range. However, much higher sensitivity is 
achieved by fluorometric determination of these compounds as 
their isoquinolinium derivatives. 


Compound I-Ha---Studies on the in ritro metabolism of I-HCI 
by Schwartz and Taylor'l, using the 9OOOXg microsomal fraction of 
liver from phenobarbital-pretreated rats, indicated a moderate con- 
version of I to a fluorescent metabolite. This metabolite was isolated 
and characterized by mass and U V  spectrometry as having a struc- 
ture compatible with I-isoquinoline acetamide (I-A). An authentic 
reference sample was synthesized by Schenkeri' and was used to con- 
firm the identity of the metabolite by TLC migration (&) values. 
Further metabolic studies on orally administered I in the monkey 
showed that the major component in the blood was not the intact 
drug but was a metabolite (LA) whose fluorescent properties were 
similar to that of photochemically oxidized I dissolved in 30% 
trichloroacetic acid. Authentic I-A was also used as a reference 
standard in the studies on elucidating the chemical nature of the 
fluorophore of 1. 


Characterization of Fluorophore of I-The characterization of the 
chemical nature of the photochemically produced fluorophore of I 
was undertaken using U V  absorption spectra, activation-mission 
spectra, TLC, and differential pulse polarographic techniques. It 
was noted initially that I-HCI dissolved in 0.1 N HCl or in 30% 
trichloroacetic acid exhibited weak intrinsic fluorescence at 380 nm., 
activating at 335 nm. The fluorescence yield was greatly increased 
by'irradiating I-HCI in the high intensity light from a lamp8. The 
fluorescence yield after irradiation in 30 % trichloroacetic acid was 
about 20 times greater than that produced in 0.1 N HCl. The free 
base I dissolved directly in 30 % trichloroacetic acid after irradiation 
produced 2.7 times the fluorescence yield of I-HCl dissolved in 
the same medium. This indicated that I is more amenable to photo- 
chemical oxidation than is I-HC1. 


It was also noted that I-A in 0.1 N HCI or 30% trichloroacetic 
acid exhibited strong intrinsic fluorescence at 380 nm., activating 
at 335 nm., and that the fluorescence yield in 30% trichloroacetic 
acid was about four times greater than that in 0.1 N HCl. These 
observations indicated that 30% trichloroacetic acid was the medium 
of choice for effecting the optimal photochemical conversion of 
I to its fluorophore and also for measuring the optimal fluorescence 
yield. The fact that the activation-emission spectral characteristics 


11 M. A.  Schwartz, and M. K .  Taylor, Hoffmann-La Roche. Inc.. 


I *  F. E. Schenker. Deoartrnent of Chemlcal Research. Hoffmann-La 
Nutley. N .  J. ,  unpublished data on file, 1967. 


Roche 1nc.l Nutley,'N. 1.. unpublished data, 1967. 
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Figure 2-Linear dynamic range of fluorescence versus concentra- 
tion oJ exterrial standards and blood-recocered internal standards of 
I1 after cheniicul and photochemical oxidation to their isoquinolinium 
dericatices. 


of I-A and the photochemically produced fluorophore of 1 in 30% 
trichloroacetic acid were identical indicated that I was oxidized 
(dehydrogenated) to produce I-A (Scheme I). The ratio of the 
fluorescence yields for equivalent (microgram) amounts of the two 
compounds (Fig. 1) indicated a conversion efficiency of about 2& 
25 x at low concentrations of I (0.1- 1 .O mcg./4 ml.), which increased 
to about 40-45% at higher concentrations (5-15 mcg./4 ml.). 
Although the photochemical conversion of I to I-A is not quanti- 
tative, it is sufficiently reproducible and linear to be analytically 
usable. 


Further characterization of the fluoiophore I-A was effected by a 
comparison of the UV absorption spectra of 1, I-A, and the fluoro- 
phore produced by the photochemical oxidation of I.  The UV ab- 
sorption spectra of the two compounds in 0.1 N HCI (Fig. 3)  show 
a single absorption maximum for 1 at 282 nm. (A/mcg./ml. = 
0.052), whereas I-A has two absorption maxima, an intense one at 
228 nm. (A/mcg./ml. = 0.260) and a weak one at 335 nm. which 
also corresponds to the wavelength of activation for fluorescence 
measurements. The reaction products of photochemically oxidized 
1 were extracted into ether (after making the medium strongly alka- 
line with sodium hydroxide) and back-extracted into 0.1 N HCI, 
and its UV spectrum was determined. The UV spectrum indicated 
that the major peak of I at 282 nm. had decreased significantly, and 
absorption maxima at 228 and 335 nm. similar to those of I-A 
were observed. The reaction products were also analyzed by two- 
dimensional TLC (Fig. 4). which indicated that the major reaction 
product had the same RJ as I-A and also exhibited strong intrinsic 
fluorescence under longwave UV light when the plate was sprayed 
with 30% trichloroacetic acid. In addition to some unconverted 
parent compound, a second minor component migrating lower 
than I-A was also seen. This component showed weak intrinsic 
fluorescence in 30% trichloroacetic acid and was also present in 
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Figure 3-UV ubsorprioti spectra of 1 and I-A it1 0.1 N HCI. 
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Figure 4-Two-dimensional TLC of the photochemical oxidation 
products of 1 in 30% trichloroacetic acid. Key: I ,  ethyl acetate- 
methanol-ammonium hydroxide (95:4:2); and 2, ethyl acetate- 
chloroform-ethanol (40:40:20). 


trace amounts when LA dissolved in 30% trichloroacetic acid was 
irradiated for over 60 min. It appears to he a breakdown product 
of I-A produced by prolonged irradiation. 


Electrochemical studies on the conversion of I to I-A, using dif- 
ferential pulse polarographic analysis (24), revealed that I-HCI 
gave a distinct peak at -0.700 v. versus standard calomel electrode 
W E )  in 1.0 N HCI; this was attributed to the reduction of the am- 
methine (>C-N----)  bond (25-27) in the isoquinoline ring. The 
peak also showed a characteristic pHshift to more negative potential 
with decreasingacidity from -0.700 v. versus SCE in 1.0 N HCI to 
-0.750 v. versus SCE in 0.1 N HCI and -0.990 v. versus SCE in pH 
7.0 (1.0 M KCI/O.l M PO,) buffer solution, respectively (Fig. 50). 
The isoquinolinium derivative (LA), on the other hand, gave no 
reduction waves in any of the above media. Similar loss of electro- 
chemical activity was reported for quinoline and isoquinoline in 
aqueous supporting electrolytes when compared with either non- 
aqueous or mixed electrolytes (28, 29) and was attributed to the 
adsorption of the electroinactive substance on the electrode surface. 
However, I-A gives a well-defined polarographic peak at - 1.90 v. 
Lvrsus SCE in 95% dimethylformamide-5% water, which is about 
three times the height as that obtained with an equivalent concen- 
tration of I-HCI [Ep (peak potential) = -2.19 v. uersus SCE) in the 
same supporting electrolyte. The Ep value for I-A is in close agree- 
ment with that reported for isoquinoline (- 1.84 v. versus SCE) in 
the same electrolyte (30). Analogous electrochemical activity was 
noted with the products of the photochemical oxidation of 1 in 30% 
trichloroacetic acid. 


These experiments demonstrated that I irradiated in 30% tri- 
chloroacetic acid, was photochemically oxidized (dehydrogenated) 
to I-isoquinoline acetamide (I-A), the major fluorophore produced 
in this reaction. 


Recouery of I and I-A-The direct assay procedure for I gave an 
overall recovery of 86 f 5.0% (Table 111). Since the TLC separa- 


Table ILI-Overall Recovery Data on I-HCl, I-A, and 11-HCI 
from Blood and Urine 


-Blood--. --Urine- 
Direct With Direct With 


Compound Analysis TLC Analysis TLC 


Overall Percvnt Recovery 
e61 45 rt 6 . 0  I-HCI 86 f 5.0 63 + 4 .0  


I-A = 57 41 * 3.0  =55 37 f 5.0 
11-HCl 89 f 5 . 0  260 -55 33 f 5.0  
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Figure %a) Diflerential pulse polarograms of I-HCI and I-A. (b) Di~erentialpulse~larograms of 11-HCI and the products of chemical oxidn- 
tion (11-A) and the combinedchemical andphotochemical oxidations (11-B). 


tion step is essential to ensure the specificity of the assay for the in- 
tact drug (1) and its metabolite (I-A) in both blood and urine, the 
overall recovery of both compounds was determined after inclusion 
of the TLC separation step. The overall recovery from blood of I 
was 63 f 4.0%, while that of I-A was 41 3~ 3.0z. The overall 
recoveries of I and I-A from urine were 45 f 6.0 and 37 =t LO%, 
respectively. The sensitivity limits of the assay were of the order 
of 0.254.50  mcg. I and 0.25 mcg. I-A/ml. of blood and 0.751.00 
mcg. I and 0.50 mcg. I-A/ml. of urine, respectively. 


Compound 11-HCI-Compound 11-HCI is a weak base (pKa = 
8.2). and it is quantitatively extracted as its free base into ether from 
alkalinized blood or urine and is back-extracted into 0.1 N H a 0 4  or 
0.1 N HCl. The compound exhibits UV maxima at 272 and 278 nm. 
of about equal intensity (A/mcg./ml. = 0.077). Following chemical 
oxidation in the mercuric acetate-acetic acid-sulfuric acid mixture, 
a significant hypsochromic shift of the UV maxima was observed 
together with a significant hyperchromic effect. The UV absorption 
maxima shifted to 264 and 267 nm., indicative of arornatization, 
and the absorbance at either wavelength (A/mcg./ml. = 0.184) also 
increased twofold over that seen at 272 and 278 nm. Irradiation for 
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Figure &Blood Imel falloff curce of the metabolite I-A in man 
following a single, IOOO-mg. oraldose of 1-HCI. 


15 min. with UV light8 produced no further shifts in the UV maxima. 
The absorbance, however, showed a further increase to 3.5 times 
that of the parent compound. 


The reaction products of the chemical oxidation step and the 
combined chemical-photochetnichl bxidation process were also 
examined by differential pulse polarography in the same aqueous 
supporting electrolytes as were used for I-HCl. The polarograms 
shown in Fig. 56 indicate that the parent compound (11-HCl) has 
no inttinsic electrochemical activity. The product of chemical 
oxidation, 11-A, showed peaks typical of a 3,4-dihydroisoquinoline 
and were almost superimposable on those shown by I-HCl (Fig. 5a). 
However, the isoquinolinium derivative (11-B) formed by the com- 
bined chemical and photochemical oxidation reaction showed no 
activity as did I-A. Attempts to study these reactions in 95% di- 
methylformamide-5 % water were unsuccessful due to trace 
amounts of coextracted impurities from the reaction medium which 
interfered with the peaks in the potential region of from - 1.80 to 
- 2.00 v. wrsus SCE. 
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Fwure I--Blood l e d  falloff curces of I1 in the dog following in- 
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Figure 8 Thin-layer cliromaiograms of the direct ether extracts of urine (made strongly alkoline, pH 14) Jrom a dog following oral administru- 
tion oJ 11. F = fluoresceni nii.tabolites. K e y :  A. deceloped in one dimension; solreti! sysieni oj eihyl acetaie- methanol-ammonium hydroxide 
(90:10:1); B.  derchped in  tw'o dimensions; sdretii system ( i f (  I )  eiliyl acetate-meilianol ammonirini hydroxide (90:lO:l) or ( 2 )  berizene-mi~ilianof- 
glacial uciliic at,id (90:lO:l). 


Polarographic and spectrophotonietric studies on the analogous 
chemical reduction products by pat tial hydrogenation of isoquino- 
line to 3.4-dihydroisoquinoline and of 3.4-dihydropapaverine to 
papaverine also were reported (31) and showed similar stepwise 
changes in electrochemical activity. 


Further characterization of the reaction products of I I  following 
either chemical oxidation or the combined chemical-photochemical 
oxidation reaction was obtained using TLC. The reaction products 
wete extracted at alkaline pH into ether, analyzed by one-dimen- 
sional TLC in ethyl acetate-methanol ammonium hydroxide 
( 9 0 : l O :  I ) .  and examined under longwave U V  light. Under both 
sets of conditions, two Huoresceiit spots were present, one at  the 
origin and the other close to the solvent front (R, 0.90), in addition 
to some residual I I  ( R /  0.50). The fluorescence of the two spots was 
of about equal intensity following only chemical oxidation. whereas 
the fluorescencc of the lower spot increased several fold in intensity 
following the combined oxidation procedure. The two fluorescent 


spots were eluted into 0.1 N HSO, and scanned for their spectral 
characteristics. The two compounds had identical U V  absorption 
and activation-emission spectra, indicating that these reaction 
products are a mixture of fluorophores whose "total" fluorescence 
in solution is apparently reproducible and analytically acceptable. 


Similar reactions were observed with the other tetrahydroiso- 
quinoline analogs (111, IV ,  and V) shown in Table 11. However, 
thc fluorescence yield decreased markedly with the removal of the 
methyl group in either or both positions of I I .  Thus, the fully 
aromatized isoquinoline derivatives of 11 showed the highest fluo- 
rescence (at 370/458 nm.). the fluorescence yield heing over 25 
times greater than that of the N-dcsmethyl analog (111) at the same 
wavelengths. Of the two phenolic analogs, the isoquinoline deriva- 
tive of the 0-desmethyl analog ( IV)  exhibited about 2.5 times more 
Huorescence (at 425/525 nm.) than 111 (at 370/458 nm.), while the 
N- and 0-desmethyl analog (V) had the weakest fluorescence (at 
425/525 nm.) of them all. Thus, the fluorophores produced by equiv- 
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tion. and Oa = orange colorcdonly ufier oxidation. A = acidic p H  5.5 exiruct, and B = basic pH 14 extraci. 
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alent (microgram) amounts of the respective tetrahydroisoquino- 
lines (read a t  their respective wavelengths of maximum activation- 
emission) arranged in decreasing order of fluorescence emission 
are I1 > IV  > I11 > V. These studies showed that in the overall oxi- 
dation process the first step (chemical oxidation) introduces a 
double bond in the 1,2-position of the tetrahydroisoquinoline ring 
while the second step (photochemical oxidation) introduces a 
second double bond in the 3,4-position to produce the fully aro- 
matized isoquinolinium derivative (Table 11). These derivatives 
exhibit high UV absorption and fluorescence in acidic media due to 
the increase in the aromaticity in the molecule. 


Recorery of I1 from Blood and Urine-Recovery experiments with 
I1 from blood and urine indicated that the overall recovery from 
blood using the direct assay procedure was 89 i 5.0% (Table 111) 
while that from urine, which included the TLC separation step, was 
significantly lower (33 f 5.0%). 


The sensitivity limits of the assay for blood and urine are of the 
order of 0.054.10 mcg. ll/ml. and can be extended to 0.005 mcg./ 
ml. of blood using a 4-ml. specimen. The linear range of fluores- 
cence versus concentration of oxidized I1 as exteinal standards and 
as internal standards recovered from blood is of the order of 0.05- 
25.0 mcg. 1)/4 ml. of final solution (Fig. 2). 


Application of Methods to Biological Specimens-Compound 
I-HCI: Bloodhcefs in Man foflowitrKa Singfe 1000-nrg. Oral Dost- 
A pilot blood level study was performed with one volunteer who was 
administered a single dose of lo00 mg. of I-HCI orally. Whole blood, 
oxalated, was drawn at 0, 1 ,  2, 4, 8, 12, 24, 48, 72, and 96 hr. after 
administration and was analyzed. No measurable levels of the intact 
drug ( I )  were seen at any time point. Measurable levels of a me- 
tabolite I-A were seen; however, the peak blood level of 9.0 mcg./ml. 
a t  1 hr. declined rapidly within 12 hr., with an apparent half-life of 
about 2 hr. After 12 hr. the metabolite levels were no longer mea- 
surable (Fig. 6). The data indicate rapid absorption of I-HCI and 
rapid biotransformation to I-A. 


Specificiry of Assuy ,for I und Characterization of Blood Metabo- 
lite I-A in Man and Monkey-- Blood ether extracts from man and 
monkey following oral administration of I-HCI were analyzed 
by one-dimensional TLC in ethyl acetate-methanol-concentrated 
ammonium hydroxide (95:4:2). The chromatoplate did not show 
the presence of any intact drug (I, R, 0.60). The major component 
was a metabolite seen in both man and monkey blood whose R, 
0.28 was identical with that of authentic I-A chromatographed 
alongside the sample extracts. This TLC step, which is also used in 
the assay, ensures its specificity for I and LA.  The metabolite and 
compound I-A. when cochromatographed, ran as one spot having 
the same R ,  as the reference standard, indicating that the two com- 
pounds were identical. Thus, I-A was identified as the major ether- 
extractable metabolite of I-HCI in the blood of man and in the 
monkey. On-going studies13 on the metabolism of I-HCI in man 
and in the dog also indicate extensive metabolism, resulting in 
several polar metabolites present in blood and urine which can be 
analyzed by selective solvent extraction and TLC separation 


Comportnd II-HCI--BIood levels in the dog were determined in 
one animal following the administration of a 5-mgJkg. (total 
S m g . )  dose of 11-HCI by intravenous and oral routes and in 
another animal following a single oral 20-mg./kg, (total 200-mg.) 
dose. The blood level falloff curves are shown in Fig. 7. Following 
the 5-mg./kg. i.v. dose. a biphasic falloff pattern in the blood levels 
of I1 was seen, with the a-component (distribution phase) showing 
a rapid apparent half-life of 40 min., while the $-component 
(elimination phase) showed an apparent half-life of 1.4 hr. 


Following oral administration of the Smg./kg.. (50-mg.) dose, 
the blood levels of I1  appeared to reach a peak level (0.22 mcg./ml.) 
at  40 min. followed by a progressive decline, with an apparent half- 
life of 1.5 hr. between 1.0 and 7.5 hr. The blood level falloff data 
determined following a single 20-mg./kg. (200-mg.) oral dose in- 
dicated a peak blood I1 level of 2.33 mcg./ml. 1 hr. after dosing, 
which declined to nonmeasurable levels in 24 hr., again with an 
apparent half-life of 1.5 hr. 


The recovery of the intact drug into ether from dog urine made 
alkaline (pH 14) was very low. After the 5-mg.Ikg. i.v. dose, only 
1.57; of the drug was recovered in the 0 -24-hr. period; following 
the 5- and 2O-mg.lkg. oral doses, only 0.21 and 3.9% of the respec- 
tive administered doses were recovered in the same excretion period. 


Again, TLC of the direct ether extracts of urine (Figs. 8A and 8B) 
indicated the presence of the intact drug, the N-desmethyl analog 
(Ill), and several highly fluorescent, incompletely resolved com- 
pounds near the origin. 


The 0-24-hr. urine sample from the dog dosed with 20 mg./kg. 
following enzyme incubation a t  pH 5.5 was extracted at  pH 5.5 
and 14 and analyzed by two-dimensional TLC. The chromatogram 
of the pH 5.5 ether extract (Fig. 9A) indicated the presence of the 
parent drug (II), the phenolic analog (IV), and three unidentified 
acidic metabolites. The pH 14 ether extract (Fig. 9B) indicated the 
presence of 11, the N-desmethyl analog (Ill), and at  least eight other 
discernible basic metabolites which were strongly fluorescent either 
intrinsically or after oxidation with mercuric acetate-acetic acid. 
The basic metabolites showed a typical blue-green isoqdnoline-like 
fluorescence similar to that of oxidized 11, whereas the acidic 
phenolic metabolites IV and V showed characteristic yellow- or 
orange-colored fluorescence after oxidation. 


The highly fluorescent metabolites seen at the origin of the TLC 
plate were those present in the most significant amounts, as indi- 
cated by the intrinsic fluorescence obtained upon their elution from 
silica gel into 4 ml. of 0.1 N HAO, and measurement of the fluo- 
rescence at  the same wavelengths as for oxidzed 11. Based on the 
assumption that the specific intrinsic fluorescence of these metabo- 
lites is approximately the same as that of oxidized I I ,  the total amount 
of the fluorescent metabolites recovered from the chromatoplate 
represents about 3 7 z  of the dose. The intact drug (11) recovered 
from both acidic and basic extracts accounted for about 8% of the 
administered dose. These fluorescent metabolites appear to be 
chemically similar to the isoquindine derivatives of 11 (oxidized) 
but have yet to be characterized. The percent of the dose recovered 
as the acidic phenolic metabolites also appears to be considerable. 
It is conservatively estimated that more than So% of a given dose 
can be accounted for in the urine over a 24-hr. excretion period, in- 
dicating rapid and extensive biotransformation of the drug. 


Blood levels of I1 were determined in man (17) during the clinical 
evaluation of the drug, when doses ranging from 50 to 300 mg. were 
administered orally. Peak blood 11 levels were seen 1-2 hr. after 
dosing, followed by a rapid decline in blood levels over the next 10 
hr. The urinary excretion data indicated extensive biotransforma- 
tion of the drug with less than 1 of the orally administered dose 
recovered in the 0-24-hr. period (17). 


Specifcity of the Assay-The blood level assay is apparently 
specific for the intact drug (11) after single doses in the dog, since 
only the intact drug was seen in the blood ether extracts analyzed 
by TLC. Chronic administration to dogs at  high doses (20 mg./kg.), 
however, showed the presence of trace amounts of 111 and another 
unidentified ,fluorescent metabolitel'. This would necessitate the 
use of TLC to establish the specificity of the assay in blood for I1 
and its metabolites. In the direct assay in blood, small amounts of 
Ill would not seriously interfere with the assay values for I1 be- 
cause of the 25-fold difference in the fluorescence intensities of the 
isoquinolinium derivatives of 11 over 111. However, the highly 
fluorescent isoquinoline-like metabolites seen in urine, i f  present in 
blood following chronic administration, would have to be sepa- 
rated by TLC prior to the determination of 11. 


The urine assay requires the use of the TLC separation step to 
resolve the parent drug (11) from the many metabolites present, 
especially the highly fluorescent isoquinoline-like metabolites 
which have similar fluorescence properties as that of oxidized 11. 


CONCLUSION 


The chemical oxidation of tertiary tetrahydroisoquinolines is a 
useful general reaction for converting these compounds to  their 
3,4-dihydroisoquinoline derivatives (18-20). These derivatives can 
be further oxidized by photochemical oxidation by exposure to 
UV radiation in acidic media to yield the fully aromatized iso- 
quinolinium derivatives, which are highly fluorescent and amenable 
to sensitive quantitation in the nanogram range. Both principles 
have been effectively used in developing assays for the spectro- 
fluorometric quantitation of these types of compounds in biological 
fluids. Photochemical methods are useful on the microscale for 


I s  B. A. Koechlin. F. Rubio, and L. Weissinan, Hoffrnann-La Roche 
lnc. ,  Nutley, N. J., unpublished data on file, 1971. 


~~ ~~~~ ~~~ ~ 


1 4  C. B. Coutinho, T. Crews, and J. A. Cheripko, Hoffmann-La Roche 
Inc.. Nutley. N. J., unpublished data, 1968. 
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derivatization reactions and are also used extensively in organic 
synthesis (32), especially in the preparation of isoquinoline alka- 
loids (33). 
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Serum Protein Binding of 
Erythromycin, Lincomycin, and Clindamycin 


R. C. GORDON, C. REGAMEY, and W. M. M. KIRBY’ 


_ _ _ _ _ _ ~ ~ ~ ~  


Abstract 0 Serum protein binding determinations for erythromycin, 
lincomycin, and clindamycin utilizing ultrafiltration of serum con- 
taining antibiotic in a concentration of 5 mcg./ml. and tube dilu- 


base, 73 %; erythromycin propionate, 93 %; lincomycin, 72%; and 
clindamycin, 94%. 


Keyphrases 0 Erythromycin and erythromycin propionate-serum 
protein binding 0 ~ i ~ ~ ~ ~ ~ ~ i ~ - ~ ~ ~ ~  binding 0 sin- 


binding of erythrcmycin, lincomycin, and clindamycin 0 Serum 
protein binding-erythromycin, lincomycin, and clindamycin 


tion techniques revealed a high degree of binding: erythromycin dawcin-xrum protein binding 0 Antibiotics-serum protein 


Serum protein binding of antibiotics is of potential 
clinical significance since bound antibiotic has been 
found to have no antibacterial activity and it is prob- 


able that the level of free antibiotic in the tissues is no 
greater than the peak level in the blood (1). The extent 
of protein binding of erythromycin, lincomycin, and 
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Table III-Concentration" of A'-Tetrahydrocannabinol 


----Gibberellic Acid- -1ndoleacetic Acid- 
Control 25 25F 250 250F 25 25F 250 250F 


1.04 0.90 0.60 0.89 0.65 0.78 0.96 0.90 0.91 


Average percent dry weight of two samples. 


leaves and in the content of 111. There was no effect on the stem 
weight, which suggests that the significant increase in height was 
due to a change in the growing habit from a branching plant to one 
main stem. 


The concentrations of I1 used were not high enough to induce 
any effect on the plants. Similar results were observed on Hyo- 
scyamus niger L., where concentrations of 10 and 50 p.p.m. of I 
induced significant effects on rosette plants while concentrations 
up to  500 p.p.m. of I1 applied in the same manner failed to induce 
any stem elongation. 
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Kinetics of Hydrolysis of 
Hypoglycemic l-Acyl3,5-Dimethylpyrazoles 


ARLINGTON A. FORIST' and DENNIS J. WEBER 


Abstract 0 Other investigators suggested that various 1-acyl 3,5- 
dimethylpyrazoles might owe their hypoglycemic activity to a 
nonenzymatic hydrolysis in uiuo to the potent compound 3,5-di- 
methylpyrazole. As a test of this hypothesis, relative rates of hy- 
drolysis at pH 2.0 and 6.7 (37.6") were determined for a representa- 
tive series of compounds covering a wide range of hypoglycemic 
potencies. No correlation between hydrolysis rate and activity was 
observed. 3,5-Dimethylpyrazole-l-carboxamide and 3,5dimethyl- 
pyrazole-l-N,N-dimethyIcarboxamide possess equivalent bio- 
logical activity; the former was rapidly hydrolyzed (half-life about 


Wright et al. (1) reported the hypoglycemic activities 
of a large number of pyrazoles in the intact, fasted, 
glucose-primed rat. The most active compounds were 
3,5-dimethylpyrazole (I) (2) and various 1-acyl de- 
rivatives. Preliminary experiments showed that 3,5-di- 
methylpyrazole-l-carboxamide (11) was readily hy- 


1 hr. at pH 2.0 and 6.7), whereas the latter was totally stable. Dif- 
ferences in biological activity reflect intrinsic potencies of the various 
compounds or differences in their absorption and/or metabolism. 


Keyphrases 0 3,5-Dimethylpyrazoles, 1-acyl series-kinetics of 
hydrolysis, hydrolysis ratehypoglycemic activity correlation 0 
Hypoglycemic activity-hydrolysis rate correlation-1-acyl 3 , s  
dimethylpyrazoles, kinetics of hydrolysis 0 Hydrolysis rates-l- 
acyl 3,5-dimethylpyrazole series, correlated with hypoglycemic ac- 
tivity, kinetics 


drolyzed to I at pH's encountered in oioo in the GI 
tract and the blood. As a consequence, it was suggested 
that the various l-acyl derivatives of I might owe their 
activities either to nonenzymatic hydrolysis in oioo or 
to metabolic transformation to I (1). To test the hy- 
pothesis of nonenzymatic conversion, relative rates of 
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Table I-Reaction Conditions and Kinetic Constants for the Hydrolysis of 1-Acyl 3,5-Dimethylpyramles at 37.6" 
~~ ~~ 


pH 2.0 pH 6.7 . 
Concentra- Concentra- H m  


Corn tion, tion, @Y*C 
pound M X loli A,nm. k',min.-' tl/S M X lo( A, nm. k', min.-' f l / r  Actimtya 


I1 7.83 235 1.09 x lo-' 63 min. 7.23 235 1.12 X lo-* 62 min. 25 
1.18 X lo-' 4.ldays 6.89 238 7.57 x 10-6 6.4 days 4-8 


9.92 234 d - 20-30 
111 6.21 239 
IV 10.64 236 
V 7.39 237 1.54 x lo-' 45 min. 8.55 237 1.79 X lo-* 6.5 hr. 16 


VI 6.10 255 6.78 X lo-' 102min. 6.10 254 1 .22Xlo-*  9.5 hr. 100 


4 - 


a Reference I ,  tolbutamide = 1. b No reaction. 


hydrolysis were determined (pH 2.0 and 6.7, 37.6") 
for a series of representative compounds (11-VI) cov- 
ering a wide range of hypoglycemic potencies (Table I). 


EXPERIMENTAL 


Samples of 11-VI were dissolved in aqueous ethanol and diluted 
with 0.01 N HCl or 0.08 M phosphate buffer, preequilibrated at 
37.6", to yield the final concentrations and pH values shown in 
Table I. The final ethanol concentration was 0.4% (v/v). Each 
solution was placed in a UV spectrophotometer equipped with a 
constant-temperature cell compartment maintained at 37.6'. For 
the rapidly hydrolyzed compounds (11, V, and VI), absorbances 
(Al)  were determined at appropriate times at the characteristic 
absorption maxima (Table 1) until no further absorbance decreases 
occurred (Am). Pseudo-first-order reaction rate constants, k ' ,  
were obtained from the slopes of plots of log (At - Am) cersus time. 
For the slowly hydrolyzed 111, k' was estimated from the initial 
slope of log AI  cersus time. 


RESULTS AND DISCUSSION 


The method utilized for the determination of the kinetics of hy- 
drclysis of Compounds 11-VI is based on the differences in their UV 
spectra from the spectrum of the product, I (Amx: 218 nm. at pH 
2.0, 214 nm. at pH 6.7). In each case, first-order kinetics were ob- 
served and permitted calculation of the pseudo-fist-order reaction 
rate constants, k ' ,  and corresponding half-lives, ti/,, shown in 
Table I. 


Examination of the data in Table I shows no correlation between 
rates of nonenzymatic hydrolysis and hypoglycemic activity. Com- 
pounds 11 and IV possess the same hypoglycemic activity; neverthe- 
less, I1 was rapidly hydrolyzed in both acid and neutral solutions 


R 


while 1V was totally stable under the conditions studied. Thus, dif- 
ferences in biological activities of these compounds appear to reflect 
differences in their intrinsic potencies. in their absorption, or in 
their metabolism. The last is considered the most likely. Metabolism 
to I aia N-dealkylation and/or hydrolysis and the oxidation of the 
>methyl group to a 3-carboxylic acid are possible. >Methyl- 
pyrazole-3-carboxylic acid, a metabolite of I in the rat (3, 4), is 
also a potent hypoglycemic agent (5). Efficient absorption of these 
compounds from the GI tract would be expected based on the com- 
plete absorption after oral administration found for I in the rat (4) 
and for the highly polar 5-methylpyrazole-3carboxylic acid in the 
rat, dog, and man (6). 


Scott (7) reported the kinetics of ethanolysis of a number of I-acyl 
3,5-dimethy1pyrazoles, including 11; Staab (8) and Huttel and 
Kratzer (9) determined the kinetics of neutral hydrolysis and of 
aminolysis of l-acetyl-3,5-dimethylpyrazole. However, the nature 
of the catalysis involved in the hydrolysis reaction has not been 
elucidated. Data in Table J for Compounds 111, V, and VI indicate 
that hydroniumion catalysis is involved. In addition, the magnitude 
of the pseudo-first-order reaction rate constants at pH 6.7 relative 
to those at pH 2.0 implicates hydroxideion and/or direct water 
catalysis. Results for Compounds 11-IV indicate a correlation with 
the degree of steric hindrance by substituents on the carboxamide 
nitrogen. A similar relationship was observed by Scott (7) in the 
ethanolysis reaction and is consistent with the mechanism involving 
attack on the acyl group proposed by Meloche and Laidler for the 
hydrolysis of aromatic amides (10). 


Compound 11 was unique in that its hydrolysis rates at the pHs 
studied were essentially identical. The kinetics and mechanism of 
the facile hydrolysis of I1 will be the subject of a separate report. 
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Absorbance-pH Relationship in the 
Steroid-Tetrazolium Reaction 


ROBERT E. GRAHAM* and CHARLES T. KE"ERt*  


Abstract The absorbance produced by a given weight of corti- 
costeroid in the blue tetrazolium method is shown to  be a function 
of the apparent p H  as measured by a glass and saturated calomel 
electrode. In general, the absorbance decreases as the apparent pH 
decreases, irrespective of the cause of the apparent pH change. An 
equation is derived which relates the absorbance to the apparent 
pH for hydrocortisone solutions, and the relationship is shown to 
be similar for several representative corticosteroids. It is recom- 
mended that the apparent pH be determined on all samples that 
are run without a prior acidic or basic extraction to determine if 
low readings arc due to interference or to lower than expected 
quantities. 


Keyphrases 0 Corticosteroid-blue tetrazolium reaction-ab- 
sorbance-pH relationship [I1 Steroid-blue tetrazolium reaction- 
absorbance-pH relationship 0 Blue tetrazolium-steroid reaction- 
absorbance-pH relationship 0 Colorimetry-steroid-blue tetra- 
zolium reaction, absorbance-pH relationship 


The blue tetrazolium { 3,3 '-(3,3'-dimethoxy-4,4'-bi- 
phenylene)-bis[2,5-diphenyl-2H-tetrazolium chloride]} 
reaction of Mader and Buck ( I )  is, with slight modi- 
fication, the method for corticosttroid analysis in 
both USP XVII (2) and N F  XI11 ( 3 ) .  The reaction 
involves the oxidation-reduction reaction between the 
CI7 side chain of the corticosteroid and the blue tetrazo- 
lium (I) in alkaline solution to form a colored formazan 
(4). Since the reaction is not specific and is affected by 
a large number of interfering compounds ( S ) ,  extreme 
care must be exercised in cleanup procedures for 
pharmaceutical products that include corticosteroids 
in the formulation. In some cases, interfering substances 
which are not removed in the cleanup procedures can 
be detected by the variation of absorbance with time 
method of Graham eta] .  (6) .  


The reaction rate and the extent of completion of the 
formation of the formazan are influenced by numerous 
factors, including the structural features of the corti- 
costeroid as well as the temperature and solvent used 
together with the concentrations of base, water, and I. 
Temperatures ranging from room temperature to 90" 
with color development times from 2 to 120 min. have 
been used (1-3, 7-9). Alkalies utilized include alcoholic 
sodium hydroxide (9, lo), tetramethylammonium hy- 
droxide (11) (1, 1 l), trimethylbenzylammonium hy- 
droxide' (12), and choline (10, 12) in various concentra- 
tions. 


Rechnagel and Litteria (9) found that water inhibits 
the reaction and that the extent of inhibition increases 
as the concentration of water in the final reaction mix- 
ture increases. They recommended that reagents be 
prepared with minimal amounts of water. These in- 


1 Triton B. 


Table I-Effect of Water upon Absorbance and Apparent pH 


Water in 
Reaction 


Sample Water Mixture5mb, Net Apparent 
Number Added, ml. v/v Absorbancec p H  


I 0.00 1.63 0.592 13.75 
2 1 .oo 3.29 0.589 13.79 
3 2.00 4.96 0.588 13.75 
4 3.00 6.63 0.580 13.72 
5 4.00 8.29 0.572 13.70 
6 5.00 9.96 0 . 5 5 5  13.67 
7 7.00 13 .3  0.540 13.58 
8 10.00 18.3 0.460 13.40 
9 12.00 21.6 0.383 13.31 


10 15.00 26.6 0,256 13.23 
11 20.00 35 .O 0.084 13.03 
12 25 .OO 43.3 0.034 12 83 


Q Each reaction mixture contains 0.200 mg. of hydrocortisone and 0.22 
mmole of 11. b The water in the reaction mixture includes the added 
water plus the water present in the I and I1 reagents. c Averagc of du- 
plicates. 


vestigators also studied the effect of the concentration 
of I and found that the absorbance due to 9 mcg. of 
11-desoxycorticosterone in 3 ml. of reaction mixture 
increased to  a constant value of approximately 120 
mcg./ml. and utilized 167 mcg./ml. in their procedure. 
Concurrent blank, sample, and standards are usually 
run to offset the effect of these variables as much as 
possible. 


This paper reports a study of the relationship be- 
tween the absorbance and the apparent pH (as measured 
with a glass and saturated calomel electrode) for the 
blue tetrazolium reaction with selected corticosteroids. 
The effect of water, acids, and the concentration of I1 
upon the absorbance and apparent pH of several corti- 
costeroids was investigated. 


EXPERIMENTALz 


Reagents--The following were used: 
1. Tetramethylammonium hydroxide3, pentahydrate (11). 
2. Tetramethylammonium hydroxide3, 10 aqueous. 
3. Tetramethylammonium hydroxide, 10 alcoholic. Dissolve 


5.00 g. of I1 and dilute to 25.0 ml. with absolute ethanol. The result- 
ing solution is 10% anhydrous I1 and 10% water. 


4. Tetramethylammonium hydroxide, 1 %. Dilute 5.00 ml. of 11, 
10% aqueous, to 50.0 ml. with alcohol USP (95z ethanol). 


5.  Blue tetrazolium, 5 mg./ml. Dissolve 50.0 mg. of blue tetrazo- 
hum4 in 10.0 ml. of alcohol USP. 


6. Corticosteroid standards, 0.100 mg./ml. Dissolve 10.0 mg. of 
the steroid (USP or N F  reference standard) and dilute to 100.0 ml. 


2 A Cary model 15 ratio recording speetrophotometer was used. Ab- 
sorbances were measured in matched I-cm. quartz cells by scanning from 
700 to 490 nm. A Corning model 10 pH meter with a Corning model 
476050 combination electrode was standardlzed wlth pH 10 standard 
buffer. Usually 5-10 min. of equilibration was required bcfore the read- 
ings became constant. 


3 Eastman Organic Chemicals. 
4 Dajac Laboratories. 
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Table 11-Effect of Salicylamide upon Absorbance and 
Apparent pH 


0.600 


0.500 


0.400 


W 
0 
Z a 
m a 
0 
v) $ 0.300 


0.200 


0.100 


Salicylamide 
in Reaction 


Mixture", Apparent 
Solution mmole Absorbance* pH* 


Reagent blank 0.000 NDc 14.40 
Standard O.Oo0 0.584 14.09 


1 0.041 0.578 13.70 
2 0.082 0.564 13.60 
3 0.123 0 .515  13.54 
4 0.164 0.428 13.50 
5 0.180 0,356 13.30 


Id 


/ 


/' 
-----&' - / B  


- 


- 
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I - 


- I 
I 
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I 
I - 
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- 


I - Y 
/ + 


'D 


- 
+ 


1 


12.00 13.00 14.00 15.00 
APPARENT pH 


6 
I s 
9 


0.197 
0.213 
0.230 
0.246 


0,232 13.20 
0.130 12.86 
0,022 12.01 
0 11.64 


10 0.262 0 11.36 
11 0.328 0 10.92 
12 0.410 0 10.70 
13 0.820 0 10.33 


Each reaction mixture contains 0.200 mg. of hydrocortisone and 
0.22 mmole of 11. * Average of duplicates. c Not determined. 


with alcohol USP or absolute ethanol as required. Lower concentra- 
tions are prepared by quantitative dilution of these standards. Many 
of the 0.01-mg./ml. standards were prepared by dissolving 1.000 mg. 
of the steroid in 100.0 ml. of alcohol. 


All other reagents and solvents were ACS, USP, NF, or analytical 
reagent grade. 


General Procedure - The procedure, unless otherwise specified, is 
the official procedure given in NF XI11 (2) in which a 20.00-ml. 
volume of standard or sample corticosteroid in alcohol USP is 
treated with 2.00 ml. of blue tetrazolium reagent followed by 2.00 ml. 
of 11 (1 x). The absorbance is measured against a reagent blank 90 
min. after the addition of 11. In this study, the apparent pH of 
each solution was determined after completion of the absorbance 
measurements. 


Effect of Water Concentration upon Absorbance and Apparent 
pH-Five-milliliter aliquots of standard hydrocortisone solution 
(0.1 0 mg./ml.) in absolute ethanol were transferred to 50.0-ml. volu- 
metric flasks, containing the amounts of water shown in Table I, and 
diluted to volume with absolute ethanol. Blanks were prepared 
similarly with the substitution of absolute ethanol for the standard. 
Duplicate 20.00-ml. aliquots of each standard and a single 20.00-ml. 
aliquot of each blank were transferred to separate 50-ml. glass- 
stoppered conical flasks, and the blue tetrazolium reagent and I1 
(I :(,) were added in the order of standard, standard, and blank for 
each difkrent amount of water. The time of addition of I1 was 
counted as zero time for each set. The flasks were placed in the dark 
at room temperature (24 i 1 ") for 90 min. and then scanned against 
absolute ethanol in the same order. The absorbances of the blanks 
were subtracted from the absorbances of the standards to obtain the 
net absorbances. 


Effect of Salicylamide upon Absorbance and Apparent pH- 
Solutions of hydrocortisone and salicylamide were prepared in 
alcohol USP so that 20.00-ml. aliquots contained 0.200 mg. (0.552 
pmole) of hydrocortisone and the amounts of salicylamide shown 
in Table 11. These solutions were run in duplicate according to the 
general procedure by addition of blue tetrazolium reagent ( 1  3.7 
pmoles) and 11 (1 x, 0.22 mmole) and were scanned after 90 min. 
against a reagent blank containing no salicylamide. 


Effect of Increased Tetramethylammonium Hydroxide Concentra- 
tion upon Absorbance and Apparent pH-Twenty-milliliter aliquots 
of a series of hydrocortisone solutions (0.01 mg./ml.) in absolute 
ethanol were run in duplicate according to the general procedure, 
except that different concentrations of I 1  in absolute ethanol were 
used and both the blanks and solutions were scanned against 
absolute ethanol. The solutions of 11 were prepared by dilution of I1 
(10:; alcoholic) with absolute ethanol. The study was repeated 
using hydrocortisone solutions in absolute alcohol with conditions 
adjusted so that the percentage of water in the reaction mixture 
increased from 4.67 to 6.42z (average 4.96z) and from 5.67 to 
6.42% (average 6.60%). (The percentage of water in the reaction 
mixture in the general procedure is 5.8z.) The study was also 
repeated using hydrocortisone solutions in alcohol USP and solu- 


tions of I1 prepared by dilution of I1 (10% aqueous) with alcohol 
USP. 


Effect of Added Acid and Increased Tetramethylammonium 
Hydroxide Concentration upon Absorbance and Apparent pH-A 
series of solutions was prepared to contain 0.200 mg. of hydro- 
cortisone and various amounts of salicylic acid per 20.00 ml. These 
solutions were run in duplicate according to the general procedure, 
except that increased concentrations of I1 were used in some deter- 
minative steps and all blanks and solutions were scanned against 
alcohol USP. The study was repeated using stearic acid in place of 
salicylic acid. 


Effect of Various Acids upon Absorbance and Apparent pH-A 
series of solutions was prepared so that 20.00-ml. aliquots contained 
0.200 mg. of hydrocortisone and either 0.100 or 0.200 meq. of one of 
the following acidic substances: citric acid, tartaric acid, stearic acid, 
p-aminobenzoic acid, salicylic acid, phenobarbital, niacin, or niacin- 
amide. These solutions were run according to the general procedure. 


Effect of Added Water and Added Acid upon Absorbance and 
Apparent pH of Several Corticosteroids- Solutions of several repre- 
sentative corticosteroids were prepared in alcohol USP to contain 
0.200 mg. of the steroid in 20.00 ml. For the esters, the weights were 
adjusted so that the solutions contained the equivalent of 0.200 mg. 
of the unesterified steroid. These solutions were run according to the 
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Table III-Effect of Increased Tetramethylammonium Hydroxide (11) Concentration upon Absorbance and Apparent pH 


Alcohohc 110 . -  Alcoholic II* - 
Percent I1 Water in Reaction Water in Reaction 


Added Mixture, % Net Absorbancec Apparent pHc Mixture, Net Absorbancec Apparent p W  


1 
2 
4 
6 
8 


10 


0.50 
0.58 
0.75 
0.91 
1.08 
1.24 


0.605 
0.606 
0.614 
0.628 
0.645 
0.666 


14.24 
14.50 
14.80 
14.94 
15.02 
15.09 


4.63 
4.71 
4.88 
5.05 
5.21 
5 . 3 8  


0.599 
0.598 
0.601 
0.604 
0.606 
0.617 


13.91 
14.24 
14.47 
14.61 
14.70 
14.76 


Alcoholic I I b  --- , Alcoholic I I d  - 
Percent I1 Water in Reaction Water i n  Reaction 


Added Mixture, % Net Absorbancec Apparent pHc Mixture, Net Absorbance Apparent pHc 
1 5.67 0.596 13.99 5.79 0.592 13.76 
2 5.75 0.590 14.27 6.58 0.576 13.99 
4 5.92 0.588 14.50 8.17 0.548 14.16 
6 6.09 0.587 14.64 9.75 0,476 14.24 
8 6.25 0.593 14.73 1 1 . 3 3  0.425 14.29 


10 6.42 0.598 14.76 12.92 0.243 14.33 
I .  


Q Hydrocortisone, 0.200 mg., in absolute ethanol. I1 prepared by diluting 11, 10% alcoholic, with absolute ethanol. b Hydrocortisone, 0.200 mg., in 
diluted ethanol. I1 prepared as in Foornore u. c Average of duplicates. d Hydrocortisone, 0.200 mg., in alcohol USP. I1 prepared by diluting I1 (10 Z 
aqueous) with alcohol USP. 


general method and also hith the general method modified by the 
use of 11 ( 1  %) prepared by dilution of I I  (10% aqueous) with water. 
Use of water as the diluent in place of alcohol USP raised the per- 
centage of water in the reaction mixture from 5.8 t o  12.9%. Solu- 
tions containing the same weights of steroids and 0.20 mmole of 
stearic acid in 20.00 ml. were prepared using alcohol USP. These 
solutions were run according to the general method. 


RESULTS AND DISCUSSION 


The results of the study of the effect of water upon the absorbance 
and apparent pH in the blue tetrazolium determination of hydro- 
cortisone are shown in Table I and Fig. 1. The effect is essentially 
negligible if the percentage of water is below approximately 6 and 
the apparent pH is not below 13.75. Above 6% water, both the 
absorbance and the apparent pH decrease significantly with an 
increase in the amount of water. In this region, the relatively small 
changes in apparent pH due to the increase in water are associated 
with large changes in the absorbance produced by 0.200 mg. of 
hydrocortisone. The percentage of water in the general or official 
method [due to the use of alcohol USP and I1 (10% aqueous) in the 
preparation of reagents and samples] is 5.8, which is close to, but 
below, the critical value at which the effect becomes significant. 


The results of the study of the effect of salicylamide on the 
absorbance and apparent pH are shown in Table I1 and Fig. 1 .  
Both the absorbance due to a given 'amount of hydrocortisone and 
the apparent pH decrease with an increase in salicylamide, with as 
little as 0.041 mmole of salicylamide having a significant effect. 
There is no development of color in solutions that contain more 
millimoles of salicylamide than I1 and in which the apparent pH is 
less than 12. As in the water study, relatively small changes in the 
apparent pH below 13.70 are associated with large changes in 
absorbance. 


The values for the net absorbance ( A )  and apparent pH for these 
two studies were combined and used to derive Eqs. 1 and 2, which 


relate absorbance to apparent pH irrespective of the cause of de- 
crease in apparent pH : 


p H  = 6.265Aa - 5.446A2 + 2.7254 + 12.74 (Eq. 1) 


A = -1.76679pH' + 70.5814pHZ - 939.004pH 
+ 4160.56 (Eq. 2) 


The solid line in Fig. 1 represents values calculated by Eq. 1 .  The 
agreement between experimental and calculated points is shown on 
the figure and by the fact that the coefficient of multiple correlation, 
R2, is 0.946 for the combined data from the water study and the 
salicylamide study. 


To determine whether o r  not the absorbance is affected by the 
apparent pH only or by both the water and the apparent pH, several 
studies ,were made on the effect of an increased concentration of I1 
(Table 111). For percentages of water well below the official method 
amount of 5.8 z, both the apparent pH and absorbance increase 
with an increase in concentration of 11. For percentages of water 
close to the 5.8 % of the official method, the apparent pH increases 
with increase in I1 buttheabsorbance is not affected greatly by upsto 
a sixfold increase. Above a sixfold increase in 11, the absorbance 
increases significantly as the apparent pH rises above thc 14.60-14.70 
range. However, the increase in the percentage of water from the 
range of 4.63-5.38 (average 4.96) to the range of 5.67-6.42 (average 
6.00) as the concentration of I1 is increased causes an average 
decrease in absotbance of approximately 0.012 unit per percent 
water increase for identical concentrations of 11. Evidently, an 
increase in the amount of water above that specified in the official 
method cannot be offset by increases in the concentration of 11 alone. 
This conclusion is further substantiatcd by the study in which the 
water was increased from 5.79 to 12.92% as the concentration of 
I1 added was increased from 1 t o  10% since the absorbance de- 
creased markedly even though the apparent pH increased. The more 
rapid decrease with increased water concentrations also indicates 
that the variation in the amount of water has a greater etfect upon 


Table IV-Effect of Added Acid and Increased Tetramethylammonium Hydroxide (11) Concentration upon Absorbance and 
Apparent pH 


Acid Added, I1 Added, Netb 11, ------Stearic Acid-- -Salicylic Acid- 
Solutiona mmole mmole mmole Net Absorbance" Apparent pHc Net Absorbancec Apparent pHc 


Blank 
Standard 
Acid blank 1 
Sample 1 
Acid blank 2 
Sample 2 
Acid blank 3 
Samole 3 


0.00 
0.00 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 


0.22 
0.22 
0.22 
0.22 
0.33 
0.33 
0.44 
0.44 


0.22 0.037 13.70 
0.22 0.584 1 3 . 8 1  
0.02 0.013 NDd 
0.02 0.130 12.55 
0.13 0.032 13.64 
0.13 0.567 13.65 
0.24 0.039 13 .85  
0.24 0.579 1 3 . 8 5  


0.030 
0,584 
0.025 


13.75 
1 3 . 7 7  
12.90 


0.203 
0.044 
0.551 
0.054 
0.564 


12.95 
13.70 
13.70 
13.91 
13.93 


a Each solution contained 0.200 mg. hydrocortisone. 6 Calculated as difference between millimoles of acid and 11. c Average of duplicates. d Not 
determined. 
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Table V-Effect of Various Acidic Substances upon 
Absorbance and Apparent pH 


Table VII-Normal Variation of Apparent pH and Absorbance 
of Hydrocortisone Standards due to Reagents 


-0.100 meq. A d d e d 4 . 2 0 0  rneq. Added- 


Net Ab- parent Net Ab- parent 
Added Acid" sorbanceb pHb sorbanceb pHb 


Standard (no 0.584 13.77 0.584 13.77 


Citric acid 0.567 13.68 0 125 12 63 


AP- AP- 


added acid) 


Tartaric acid 0.573 13.65 0.155 12.75 
Salicylic acid 0.554 13.70 0.163 12.96 
Niacin 0.573 13.72 0.163 12.82 
p-Aminobenzoic 0.585 13.72 0.203 12.87 


acid 
Stearic acid 0.574 13.65 0.097 12 45 
Phenobarbital 0.576 13.68 0.214 lj.80 
Niacinamide 0.637 13 95 0 637 13.95 


a Each solution contained 0.200 mg. hydrocortisone. b Average of 
duplicates. 


Date Apparent pH Absorbance" 


10-16-69 
10-22-69 
8-14-70 
9-8-70 
8-1 9-71 
8-19-71 
8-30-71 
8-30-71 
9-2-71 
10-14-7 1 
10 14-71 
10-22-7 1 
10-22-71 
11-2-71 
11-2-71 
11-9-71 
11-9-71 


13.88 
14.11 
14.15 
14.11 
13.85 
13.87 
13.71 
13.76 
13.80 
13.76 
13.76 
14.06 
14.07 
13.99 
13.99 
13.90 
13.91 


0.581 
0.577 
0.580b 
0,578 
0.584 
0.587 
0.586 
0.586 
0.578 
0.587 
0.585 
0.599 
0,598 
0 .  5Ub 
0.587b 
0. 598b 
0 .  598b 


absorbance than an increase in the apparent pH or concentration of 
11. The variations of absorbance with apparent pH.for these studies 
are shown as dashed lines in the upper portion of Fig. 1. 


The decrease in absorbance and apparent pH caused by the 
neutralization of I 1  by acids can be offset, at  least in part, by an 
increase in the concentration of I[ provided the water concentration 
does not exceed the amount prescribed by the official method 
(Table IV). However, the,effect of equivalent amounts of various 
acids is not offset t o  the same extent by equivalent increases in the 
concentration of 11. 


The effect of different acids upon the absorbance and apparent 
pH is shown further in Table V: which lists the apparent pH and 
absorbance obtained by the addition of 0.1 and 0.2 meq. of various 
acids to. hydrocortisone solutions. The larger amounts of acid 
neutralize essentially all of the I1 present, while the smaller amounts 
neutralize approximately half. The extent of the effect upon the 
apparent pH and the absorbance may be essentially negligible for 0.1 
meq. of some acids such as p-aminobenzoic, while absorbance and 
apparent pH are actually raised by niacinamide which can act as a 
strong base in noriaqueous media. The variation of the extent of the 
effect of various acids is shown more markedly in the solutions 


a Each standard contained 0.200 mg. of hydrocortisone. b The solution 
of11 wasprepared from the pentahydrate rather than the 10% aqueous 
solution. 


containing 0.2 meq. of the acids. In each case, there is a great de- 
crease in absorbance as the apparent pH is lowered to values below 
13.00, but the actual absorbances vary from 0.097 to 0.214 and the 
apparent pH values range from 12.45 to 12.96. The results are 
shown by the dashed line and experimental points in the lower por- 
tion of Fig. 1. 


The results of the study to determine the effect of water and acids 
upon the absorbance and apparent pH of several representative 
corticosteroids are summarized in Table VI, For the water study, 
the average percent change in absorbance per unit change in ap- 
parent pH is 47.7, with a range of 40.4-52.9 and with a relative 
standard deviation of 2.95 %. These values indicate that the rela- 
tive effect of water is essentially the same for all of the corticosteroids 
studied, The average decrease in absorbance in this study is 0.0477 
unit or 0.0067 unit for each unit percent change in water from 5.8 
to 12.9x. This value agrees satisfactorily with the average decrease 
of 0.0060 unit per percent increase in water from 6.6 to 13.3% 
shown in Table I for hydrocortisone solutions. Desoxycorticosterone 


Table VI-Effect of Water and Acid upon Absorbance and Apparent pH of Several Corticosteroids 


-Official Method- I Water S tud9  . -  -Acid Studyr 7 


AA 
Corticosteroida sorbance pH sorbance p H  AA, ApH hpfi s o r b m e  PH % APH APfi 


AP- AP- AP- 
Net Ab- parent Net Ab- parent Net Ab- parent - 


Hydrocortisone 0.600 14.06 0.546 13.89 9.00 0.17 52.9 0.015 11.04 97.5 3.02 32.3 
Hydrocortisone 0.599 14.07 0.546 13.89 8.85 0.18 49.2 0.038 11.60 93.7 2.47 37.9 
Hydrocortisone 0.598 14.06 0.550 13.89 8.03 0.17 47.2 0.004 11.71 99.3 2.35 42.3 


Hydrocortisone 0.596 14.05 0.549 13.89 7.89 0.16 49.3 0.003 11.61 99.5 2.44 40.8 


Desoxycoiticoste- 0.673 14.05 0.613 13.88 8.92 0.17 52.5 0.005 11.60 99.3 2.45 40.5 


Desoxycorticoste- 0.668 14.05 0.614 13.89 8.08 0.16 50.5 0.011 11.65 98.4 2.40 41.0 


acetate 


acetate 


rone acetate 


rone acetate . .~~ ..... 


Prednisone 0.576 
Prednisone 0.576 
Dexamethasone 0.535 
Dexamethasone 0.533 
Prednisolone 0,589 
Prednisolone 0.589 
Prednisolone 0.591 


Prednisolone 0.591 


Average 
Standard deviation" 
Standard deviation, 


% of average 


acetate 


acetate 


14.05 0.533 13.89 7.47 0.16 46.7 0.125 12.04 78.3 2.01 39.0 
14.05 0.530 13.88 7.99 0.17 47.0 0.088 11.75 84.7 2.30 36.8 
14.05 0.490 13.89 8.41 0.16 52.6 0.039 11.89 92.7 2.16 42.9 
14.05 0.490 13.89 8.07 0.16 50.4 0.021 11.60 96.1 2.45 39.2 
14.05 0.545 13.88 7.47 0.17 43.9 0.042 12.09 91.9 1.96 '46.9 
14.05 0.544 13.88 7.64 0.17 44.9 0.028 11.81 95.2 2.24 42.5 
14.06 0.548 13.88 7.28 0.18 40.4 0.013 12.20 97.8 1.86 52.6 


14.06 0.548 13.88 7.28 0.18 40.4 0.006 12.00 99.0 2.06 48.1 


8.03 47.7 94.5 41.6 
0.29 1 .41 2.39 2.56 
3.59 2.95 2.53 6.15 


a Each solution contained 0.200 mg. of thc steroid ot the equivalent weight for the esters. b General method except that I1 (1 %) was prepared by 
dilution of I1 (10% aqueous) with water in place of alcohol USP to give 12.9% water in the reaction mixture. c Each solution contains 0.20 mmole of 
stearic acid in addition to the steroid. d Calculated by the difference in duplicate method in which the standard deviation equals the square root of 
the sum of the squares of the differences between duplicates divided by twice the number of duplicate pairs. 
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Table VIII-Interference in Samples by Acidic Components 


Blue Tetrazolium Method - 
--Before Extraction- -- After Extraction - INHa Method, 


Sample Corticosteroid Found, Z of Apparent Found, of -- Apparent pH-- Found, % of 
Number Present Declared PH Declared Sample Standard Declared 


1 Prednisoloneb NCc 6.74 107.4 14.20 14.14 103.5 
2 Prednisoloneb NCc 6.76 21.2 14.22 14.20 26.9 
3 Dexamethasoned NCc 5.76 90.0 14.20 14.20 88.5 


0 INH = isonicotinic acid hydrazide. Samples 1 and 2 were declared to contain 0.75 tug. prednisolone, 325 mg. as  irin, 120 mg. salicylamide and 
100 mg. aluminum hydroxide per tablet. c NC means no color was developed by the sample. dSample 3 was deccred to’contain 0.25 ms. hexa- 
methasone, 500 mg. aspirin, and 75 mg. aluminum hydroxide per tablet. 


acetate gives unusually high values of absorbance compared to the 
other compounds since it has a lower molecular weight and a larger 
molar absorptivity. Omission of the values for desoxycorticosterone 
acetate and for hydrococtisone from the values of Table VI changes 
the rate of decrease to 0.0063 absorbance unit, which agrees more 
closely with the value obtained from Table I. 


For the acid study with several corticosteroids, which covers 
much larger changes in both absorbance and apparent pH, the 
average percent change in absorbance per unit change in apparent 
pH is 41.7, with a range of 32.3-52.6 and with a relative standard 
deviation of 6.15z. These values indicate that the relative effect 
of 0.200 meq. of stearic acid upon the absorbance and apparent 
pH is approximately the same for the representative corticosteroids 
studied. The average decrease in absorbance for all of the steroids 
is 0.563 unit. This value compares satisfactorily with: (a) the average 
value of 0.424 for the effect of 0.200 meq. of several different acids 
upon the absorbance of hydrocortisone solutions shown in Table 
V, (6)  the average value of 0.418 due to the addition of stearic acid 
and salicylic acid to hydrocortisone solutions shown in Table IV, 
and (c) the value of 0.454 caused by the addition of 0.213 meq. of 
salicylamide shown in Table IT. Evidently, the almost complete 
neutralization of 11 by acids does not affect all of the corti- 
costeroids equally but does cause a great change in both absorbance 
and apparent pH. 


Equations 1 and 2 cannot be used to calculate the absorbance 
quantitatively from the apparent pH or the apparent pH from the 
absorbance for a single measurement. This is due to the variation 
in the response of the various corticosteroids and to the variation 
in absorbance and apparent pH of standard solutions of the same 
corticosteroids caused by variations in reagents from batch to batch. 
The normal variations in the apparent pH and the absorbance of 
hydrocortisone standards over 24 months are shown in Table VII. 


Equations I and 2 can be used as a qualitative check upon the 
absorbance associated with a given apparent pH to determine 
whether or not a lower than expected absorbance reading is due to 
decomposition, to less than the stated amounts of the steroid, or to 
pH variation. It is better, however, to utilize the differences in the 
absorbance and apparent pH of the standard and the sample or 
the differences between the actual absorbance of the sample and 
the expected absorbance of the sample. If the difference between 
the actual absorbance and the expected absorbance is greater than 
0.03 and the apparent pH is below 13.75, the low results may 
be due to water, acid, or other interference rather than low con- 
centrations of the undecomposed steroid. If, however, the 
actual and expected absorbances agree and the apparent pH is 
above 13.75, it is possible that positive interference due to basic 
components is offsetting lower than expected quantities of the 
steroid. These checks are possible since the sample size is usually 
adjusted so that the 2 0 4 .  aliquot used in the color-development 
step contains approximately 0.200 mg. of the steroid and the ab- 
sorbance is compared to a standard containing 0.200 mg. of the 
steroid. As a consequence, apparent pH measurements should be 
made as a routine procedure in the blue tetrazolium method for 
corticosteroids. 


This study originated due to discrepancies in the analysis of a 
partially decomposed prednisone capsule preparation before and 


after basic extraction. The capsule originally contained 2 mg. of 
prednisone, 225 me. of salicylamide, 20 mg. of ascorbic acid, and 
other neutral components. The results by the blue tetrazolium 
method when run directly by dissolving and adding I and TI to a 
20-ml. aliquot were zero, but the results were 34.3 of the declared 
amount when determined after a basic extraction of the capsule 
contents. Typical examples of samples run since that time in which 
the apparent pH measurement indicated acidic interference are 
shown in Table VIII. The results were checked by the isonicotinic 
acid hydrazide method of Umberger (13), which involves reaction 
with a different portion of the corticosteroid molecule and which is 
not affected by acidic components. Due to the low apparent pH, no 
color was developed during the blue tetrazolium method when 
the tablet contents were dissolved directly in alcohol USP. After 
solution of the corticosteroid and acidic components by repeated 
treatment with acetone followed by evaporation and solution in 
chloroform, the acidic components were extracted into 0.2 N 
NaOH and the chloroform was evaporated. The residue was dis- 
solved in alcohol USP and gave results by the blue tetrazolium 
method that agree satisfactorily with the results by the isonicotinic 
acid hydrazide method. 
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Biochemical AppllcaPtions of Mass Spectrometry. Edited by G. R. 
WALLER. Wiley, 605 Third Ave., New York, NY 10016. 1972. 
xiv + 872 pp. 21 X 28 cm. Price $49.95. 
The editor and authors of this encyclopedic work have succeeded 


admirably in assembling into one volume a large amount of theo- 
retical and practical material. 


The book is divided into five parts. Part I is an introduction and 
historical survey. Part I1 covers the. different types of spectrometers 
and contains an exhaustive section on data acquisition and process- 
ing by most of the world‘s principal mass spectrometric labora- 
tories. 


is devoted to the interpretation of mass 
spectra. These parts, consisting of 28 chapters, provide both the 
novice andexperienced investigator with a wealth of information on 
mass spectrometric applications to the entire range of biochemicals 
and compounds commonly classified as natural products. In addi- 
tion, there are excellent chapters on the “Origin of Mass Spectra.” 
how to interpret metastable ions, and field and chemical ionization 
mass spectrometry. Interdisciplinary areas such as those relating to 
drug metabolism and clinical applications are also covered. 


This welledited volume is about 60% tables and illustrations. 
The mass spectra are uniformly and clearly presented. Each chapter 
is adequately, but not excessively. referenced. A good working index 
is present so that subjects not discussed under a separate chapter, 
e.g., mass fragmentometry and GC-MS systems, can be quickly 
found. If anything, the book suffers somewhat from covering the 
literature only through 1969, since it was that long in preparation. 
Attempts have been made to update, in proof, some of the newer 
areas like chemical ionization mass spectrometry by the citation of 
more recent references. 


In summary, the book should be useful to investigators working in 
any of the areas allied with natural products and as a reference work 
for others using mass spectrometry as an analytical tool. Insofar as 
it is not out of date, it represents a how-to manual on the subject of 
data aquisition. As a final point, one would be remiss in not men- 
tioning the efforts of the editor and various contributors in present- 
ing the history and background of the entire field. 


About 8Ox of the 
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Methods and Tedrniqws la C h i d  Chemistry. By P. L WOLF, 
D. WILLIAMS, T. TSUDAKA, and L. ACOSTA. Wiley, 605 Third 
Ave., New York, NY 10016, 1972. 417 pp. 14.5 X 23 cm. Price 
$11.50. 
This publication compiles all of the currently significant chemical 


tests being utilized by the Stanford Hospital Clinical Laboratory. 
The tests are given in alphabetical order; each test monograph 
includes a discussion of the principle involved, reagents and equip- 
ment, procedure, normal values, references, and clinical interpreta- 
tion. Throughout the book, the authors have emphasized the practi- 
cal aspects of clinical chemistry. 
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Fenfluramine Blockade of CNS Stimulant 
Effects of Amphetamines 


HARVEY J. BERGERA, CLINTON C. BROWN, and JOHN C. KRANTZ, Jr. 


Abstract 0 Fenfiuramine, 15 mg./kg. s.c., produced a slight but 
significant decrease in spontaneous motor activity in male Swiss 
mice as measured in a circular photocell activity cage. Treatment 
with fenfluramine 15 min. prior to either dextroamphetamine or 
methamphetamine, 2.5 mg./kg. i.p., significantly diminished the 
hyperactivity caused by these compounds. In a second experiment 
in mice, fenfluramine prolonged pentobarbital sleeping time, whereas 
dextroamphetamine and methamphetamine shortened barbiturate 
narcosis. Pretreatment with fenfluramine reversed the reduction of 
pentobarbital sleeping time induced by amphetamine. In a final 
experiment, it was found that fenfluramine did not produce amphet- 
amine stereotypy in male Wistar rats. Fenfluramine administered 
prior to  dextroamphetamine or methamphetamine, however, p r e  
vented the appearance of typical compulsive gnawing behavior in 


8Ox of the animals. These results, using three different indexes of 
CNS excitation, demonstrate that fenfluramine reliably antagonizes 
amphetamineinduced stimulation in mice and rats. The observed 
reduction of the CNS activity of amphetamines by fenfluramine 
points to a possible clinical application of this agent in the pro- 
phylactic management of amphetamine abuse. Preliminary clinical 
trials using various psychological tests tend to confirm that fen- 
fluramine decreases the effects of dextroamphetamine in man. 


Keyphases 0 Amphetamine-induced CNS stimulation-blockade 
effect of fenfluramine. rats, mice 0 Fenfluramine blockade- 
amphetamineinduced CNS stimulation. rats, mice 0 CNS stimula- 
tion, amphetamine induced-blockade effect of fenfluramhe, rats, 
mice 


The anorexigenic agent fenfluramine, N-ethyl-a- reduction of amphetamine toxicity in grouped mice has 


Recently, Jonsson et al. (6) showed the blockade of 
intravenous amphetamine euphoria in man by oral 
pretreatment with a-methyl-p-tyrosine, an inhibitor of 


methyl-rn-(trifluoromethyl)phenethylamine hydrochlo- been demonstrated (5). 
ride, differs from its structural analog amphetamine (1-3) 
in that it does not produce CNS stimulation yet may 
produce a sedative action (4). Furthermore, fenfluramine 
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Figwe &-Effect of fenflumine (FEN) on dextroamphetamine- (DEX) and methamphetamine- (METH) induced increase in spontaneous motor 
activity in mice. Spontaneous motor activity counts are presented in a cumulative fashion and expressed in square roots as a function of time. 
Each d u e  represents the mean f standard deviation for 20 mice. Fenfluramine was administered at 15 mg.lkg. s.c., with dextroamphetamine 
and methamphetamine at 2.5 mg.lkg. i.p. Fenfluramine was injected I S  mih. prior to dextroamphetamine or methamphetamine. 


tyrosine hydroxylase. This finding suggests the use of 
a-methyl-p-tyrosine as a drug-blocking agent in amphet- 
amine abuse. 


The results of four separate experiments in the present 
study show that fenfluramine pretreatment antagonizes 
the CNS stimulant properties of dextroamphetamine 
sulfate and methamphetamine in mice, rats, and man. 
The effects of fenfluramine on three amphetamine- 
induced responses were studied : (a) increased spontane- 
ous motor activity in mice, (6) decreased pentobarbital 
sleeping time in mice, and (c) typical stereotyped be- 
havior in rats. 


15-min. trial periods, totaling 1 hr. Individual mice were placed in 
the activity cages immediately following the second drug injection, 
approximately 3 hr. after the start of the light cycle. 


PentobsrMtal sleeplng Time-The time from the loss to the re- 
gaining of the righting reflex was recorded as the "sleeping time.'' 
Whenever one animal was checked for the return of the righting 
reflex, animals still asleep were also checked to standardize external 
stimulation. Equal numbers of mice in the compared drug treat- 
ments were injected simultaneously. 


Amphetnmine Stereotypy-One hour following the first drug 
administration, a trained observer, unfamiliar with the agents in- 
jected, recorded upon observation for 5 min. the presence or ab- 
sence of typical amphetamine-induced gnawing behavior in naive 
rats (7). Continuous sniffing and small head movements with peri- 
odicexploratory activitywere chosen as indicative of standardstereo- 
tYPY. 


RESULTS 
Male Swiss white CDI mice', 32-38 g., and male Wistar rats*, 


250-300 g., were used. Mice were caged in groups of eight 4 weeks 
prior to testing. Rats were isolated in individual cages in a room 
separate from mice. Animals were maintained at 23-26" on 
laboratory food* and water ad libitum. Housing and experimenta- 
tion were performed in the same room with regulated 12-hr. light 
and dark cycles. 


Fenlluramine was administered at 15 mg./kg. s.c.; dextroamphet- 
amine and methamphetamine were administered at 2.5 mg./kg. i.p. 
Controls received 0.2 ml. of the vehicle, physiologic saline. The 
routes of administration were chosen to ensure that fenfluramine 
would not merely interfere with the uptake and absorption of the 
amphetamines from the peritoneal cavity. 


The experimental design called for the random selection of 20 
animals for each of six treatment groups as outlined in Figs. 1-3. 
In all three experiments, fenfluramine was injected 15 min. prior to 
either dextroamphetamine or methamphetamine. 


S- Motor Activity-Three circular photocell activity 
cages with SIX beams', 33 cm. in diameter, were utilized simultane- 
ously. The circuits were wired so that activation of any photocell 
was independent of the other beams. Spontaneous motor activity 
counts were registered on inaudible digital counters during four 


1 Charles River  Breeders. 
2 Purim. * Actophotometers, Metro Industries. 


The effect of fenfluramine on amphetamine-induced increase in 
spontaneous motor activity in mice is shown in Fig. 1. Results are 
expressed as mean cumulative square root counts with standard 
deviations. The data were transformed because the frequency dis- 
tribution of raw scores is usually skewed in the positive direction, 
with higher scores being farther from the mean than the lower 
scores. Thus, skewness of the distribution is minimized by taking 
square root scores (8.9). 


Fenfluramine-treated mice produced a mean of 40.9 & 8.6 motor 
activity counts in 60 min. as compared to 52.7 f 9.8 for saline 
controls. This significant difference ( p  < 0.05) reflects the sedative 
action of fenfluramine in contrast to the stimulant effect of its 
structural analog, dextroamphetamine. Such a finding is in agree- 
ment with that of Ziance et al. (4), indicating that fenfluramine 
showed no signs of CNS stimulation. However, both dextroamphet- 
amine and methamphetamine significantly increased ( p  < 0.001) 
spontaneous motor activity to 116.4 f 16.2 and 123.3 f 8.9 counts, 
respectively, in the hour. Fenfluramine treatment prior to either 
dextroamphetamine and methamphetamine significantly lowered 
( p  < 0.001) the amphetamine-induced increase in random motor 
activity to 77.9 f 12.7 counts. While either dextroamphetamine or 
methamphetamine caused a 1 3 0 z  increase above saline control, 
fenfluramine limited this increment to only 46%, indicating that 
fenlluramine is able to block partially the hyperactivity produced by 
amphetamines. 
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Figure 2--Effect of fenpuramine ( F E N )  on dextroamphetarnine- 
( D E X )  and methamphetamine ( M E T H )  induced antagonism OJ 


pentobarbital sIeeping rime in mice. Pentobarbital sIeeping times 
are expressed as time in minutes from loss to regaining of the righting 
repex. Each value represents the mean f standard deviation for at 
least 20 mice. Feripuramine was administered at I5 mg./kg. s.c., with 
dextroamphetamine and methamphetamine at 2.5 mg./kg. i.p. Fen- 
puramine was injected I5 rnin. prior to dextroamphetamine or meth- 
amphetamine. All mice received pentobarbital (40 mg.lkg. i.p.) as 
the third injection. The dashed bars represent animals that received 
dextroamphetamine, while the shaded bars represent animals that 
receired methamphetamine. The solid and open bars are both con- 
trols. SAL = saline. 


In mice treated with saline or fenfluramine, a large proportion of 
the counts was recorded within the initial 15-min. period, suggesting 
that much of the spontaneous activity was exploratory in nature. 
However, mice receiving dextroamphetamine or methamphetamine 
showed a more uniform distribution of activity counts over the four 
15-min. periods. Thus, the spontaneous motor activity measured by 
the photocell cages reflects increased stimulation and not merely 
increased general exploration. 


As shown in Fig. 2, control mice receiving pentobarbital alone 
slept for 42 f 8.1 min. Pretreatment with fenfluramine produced a 
significant increase ( p  < 0.01) in pentobarbital sleeping time to 56 
f 6.1 min. Conversely, dextroamphetamine and methamphetamine 
each decreased pentobarbital sleeping time to 21 f 3.5 and 19 f 2.7 
min.. respectively. When fenfluramine was administered prior to 
dextroamphetamine or methamphetamine, the sleeping time in- 
duced by pentobarbital was essentially the same as that evoked by 
the barbiturate alone (37 f 5.2 or 43 I+ 3.9 min., respectively). 
Because of the significant increase in pentobarbital sleeping time 
following fenfluramine (from 42 to 56 rnin.), it would appear that 
the depressant properties of fenfluramine were principally respon- 
sible for this antagonism. 


The experiments on amphetamine stereotypy (Fig. 3) yielded 
further evidence of blockade by fenfluramine of the CNS activity of 
amphetamines. Fenfluramine was observed to induce gnawing 
behavior in only one of 20 rats, while dextroamphetamine and 
methamphetamine produced typical stereotypy in almost all animals 
observed (19120 and 20/20, respectively). When administered prior 
to amphetamines, fenfluramine prevented the appearance of the 
stereotyped behavior in 80% of the rats. However, when fenflur- 
amine was given after dextroamphetamine or methamphetamine, no 
antagonism was evident, and the animals exhibited standard signs of 
amphetamine stereotypy. This would suggest that the blockade pro- 
duced by fenfluramine might be due to interference with receptors 
specific to amphetamine activity. 


DISCUSSION 


The precise mechanism by which fenfluramine produces the 
observed blockade of dextroamphetamine and methamphetamine 
needs further elucidation. It  has been reported ( 5 )  that fenhamine  
does not antagonize all of the effects of amphetamines. For example, 
fenfluramine neither depletes brain norepinephrine nor does it alter 
elevated levels of free fatty acids evoked by amphetamines. Whether 
the antagonism by fenfluramine of dextroamphetamine and meth- 
amphetamine is due to changes in the metabolism of amphetamine 
leading to the formation of a physiologically active metabolite or to 
interaction with the adrenergic receptor mechanism is not yet 
known. 
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Effect of fenffuramine ( F E N )  on amphetamitre stereotypy 
in rats. The presence of compulsive gnawing behavior in rats following 
drug treatments is expressed as percent of the total number of animals 
in each group. Drug treatments consisted of 20 rats. Feiipuramine was 
administered at I S  mg.lkg. s.c., with dextroamphetamine ( D E X )  and 
methamphetamine (METH) at 2.5 mg.lkg. i.p. Fenfluratnine was in- 
jected I5 rnin. prior to dextroamphetamine or methamphetamine. 
Observations were made I hi. following the first drug administration. 
SAL = saline. 


In the motor activity study, individual mice were used in the 
photocell cages, instead of the more common groups of three to 
five, because of the effects of group size on amphetamine toxicity 
and activity (10, 11). All experiments were carried out at the same 
time of day, because circadian rhythm and the time of testing rela- 
tive to the length of the light and dark cycles have been shown to 
affect amphetamine responses (12). 


Amphetamines administered orally (10-30 mg.) in man evoke 
stimulation of the sensory cortex, which is manifested in increased 
alertness, motor and speechactivity, and varying degrees of euphoria 
(13). In addition, characteristic stereotyped behavior shown by 
repetitious ponderous movements is common. Each of the three 
experimental parameters in mice and rats was chosen to parallel a 
clinical expression of amphetamine use. 


The observed acute blockade of the psychoactivity of amphet- 
amines by fenfluramine might suggest an application in man in the 
prophylactic blockade of the euphoric effects of high doses of 
amphetamines. To determine whether fenfluramine is actually 
valuable as a drug-blocking agent in amphetamine abuse, long-term 
administration of feduramine is required; such studies are now 
planned in both experimental animals and man. 


A double-blind study on a fenfluramine-amphetamine combina- 
tion in man involving a battery of psychomotor performance tasks 
was recently reported (14). Preliminary results indicate that: ( a )  
fenfluramine alone was insignificantly different from placebo for 
each of the tasks, (b) fenfluramine and dextroamphetamine were 
significantly different from each other in four of eight tests, and (c) 
the fenhamine-amphetamine combination produced effects 
similar to, but less marked than, those produced by dextroamphet- 
amine alone. 


Fenfluramine had a sedative and dysphoric effect but was not 
able to suppress completely the amphetamine-induced changes in 
psychomotor task performance. The possible clinical implications of 
this work in the blockade of amphetamine abuse are being con- 
sidered. 
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Dehydration of Crystalline Theophylline Monohydrate and 
Ampicillin Trihydrate 


ELI SHEFTER’, HO-LEUNG FUNG, and OLIVIA MOK 


Abstract The dehydration kinetics of theophylline monohydrate 
and ampicillin trihydrate were measured by an X-ray powder dif- 
fraction technique in an open system. In the case of theophylline, 
the hydrate transforms directly to a crystalline anhydrous form 
with apparent zero-order kinetics. The loss of water from ampicillin 
trihydrate results in an amorphous state. Commercial micronized 
ampicillin trihydrate, which contains a small amount of excipients, 
exhibits a different kinetic order and a faster rate of transformation. 


Keypbrases Theophylline monohydrate-dehydration kinetics 
measured using X-ray powder diffraction technique 0 Ampicillin 
trihydratdehydration kinetics measured uslng X-ray powder 
diffraction technique Solid-state phase. transformations- 
dehydration of theophylllne monohydrate and ampicillin trihydrate 
studied using X-ray powder diffraction technique 0 X-ray powder 
diffraction technique-used to measure dehydration kinetics for 
theophylline monohydrate and ampicillin trihydrate 0 Phase. 
stability, theophylline monohydrate and ampicillin trihydrate- 
dehydration kinetics studied using X-ray powder diffraction tcch- 
nique 


The solid-state phase transformation of the, active 
ingredient in a dosage form could dramatically alter the 
pharmaceutical properties of the preparation. The solid 
phase of the administered drug can influence such im- 
portant properties as bioavailability (1). Where highly 
energetic (metastable) forms are incorporated into the 
formulation, it is exceedingly important that, in addition 
to chemical stability, the phase integrity of the pharma- 
ceutical be monitored. 


Many organic medicinal agents are known to crystal- 
lize with solvent molecules as an integral part of their 
structure. The most widely found group of solvates are 
the hydrates. The phase stability of these multicompo- 
nent solids is governed by temperature, pressure, and 


the concentration of solvent in the system. However, 
even though thermodynamics might indicate that a 
particular solvate is metastable under normal storage 
conditions, the conversion rate to a desolvated phase 
could be relatively slow in pharmaceutical terms. The 
rates at which these desolvation processes take place are 
exceedingly important to the formulation. 


The desolvation process of two crystalline hydrates 
(theophylline monohydrate and ampicillin trihydrate) 
was studied using an X-ray powder diffraction method. 
This investigation is part of a continuing study to 
delineate the various physical parameters controlling the 
kinetics of solid-state phase transformations. The prin- 
cipal point of this study is to demonstrate the scope of 
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derivatization reactions and are also used extensively in organic 
synthesis (32), especially in the preparation of isoquinoline alka- 
loids (33). 
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Serum Protein Binding of 
Erythromycin, Lincomycin, and Clindamycin 


R. C. GORDON, C. REGAMEY, and W. M. M. KIRBY’ 


_ _ _ _ _ _ ~ ~ ~ ~  


Abstract 0 Serum protein binding determinations for erythromycin, 
lincomycin, and clindamycin utilizing ultrafiltration of serum con- 
taining antibiotic in a concentration of 5 mcg./ml. and tube dilu- 


base, 73 %; erythromycin propionate, 93 %; lincomycin, 72%; and 
clindamycin, 94%. 


Keyphrases 0 Erythromycin and erythromycin propionate-serum 
protein binding 0 ~ i ~ ~ ~ ~ ~ ~ i ~ - ~ ~ ~ ~  binding 0 sin- 


binding of erythrcmycin, lincomycin, and clindamycin 0 Serum 
protein binding-erythromycin, lincomycin, and clindamycin 


tion techniques revealed a high degree of binding: erythromycin dawcin-xrum protein binding 0 Antibiotics-serum protein 


Serum protein binding of antibiotics is of potential 
clinical significance since bound antibiotic has been 
found to have no antibacterial activity and it is prob- 


able that the level of free antibiotic in the tissues is no 
greater than the peak level in the blood (1). The extent 
of protein binding of erythromycin, lincomycin, and 
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Table I-In Vitro Determination of Human Serum Protein 
Binding of Erythromycins Using Ultrafiltration and Bioassay 
(100 Serum) 


Table 11-In Vitio Determination of Human Serum Protein 
Binding of Lincomycin and Clindamycin Using Ultrafiltration 
and Bioassay (100% Serum) 


-Erythromycin Propionate- --Erythromycin Base- 


Serum, filtrate, Percent Serum, filtrate, Percent 
mcg./ml. mcg./ml. Bound mcg./ml. mcg./ml. Bound 


Ultra- Ultra- 


5.68  
5 . 6 8  
5 .68  
6.60 
6.60 
6.08 
6.08 
6.08 
7.70 
7.70 
7.70 
6.40 
6.40 


0.343 93.96 5.20 1.29 75.19 
0.422 92.57 5.20 1.23 76.34 
0.400 92.95 5.20 1.46 71.92 
0.420 93.63 5.08 1.36 73.23 
0.457 93.07 5.08 1-48 i n  xi 
0.388 93.6i 3.08 i .32  74.02 
0.359 94.09 5.26 1.47 72.05 
0.425 93.00 5.26 1.46 72.24 
0.740 90.38 5.26 1.35 74.33 
0.795 89.67 
0.700 90.90 
0.420 93.43 
0.440 93.13 


92.64 
_ _  


~ 


73.35 


clindamycin has been variously reported in the literature 
as low (2-4) to high (5-7). The present study was carried 
out to help delineate the protein binding characteristics 
of these three antibiotics using a variety of methods. 


EXPERIMENTAL 


Three techniques were used to study binding of these antibiotics 
by human serum proteins to compare the results obtained and to 
investigate possible causes of variation in the results reported by 
other workers. The antibiotic standard powders used in these 
studies were: erythromycin base', erythromycin propionate', "C- 
erythromycin', lincomycin *, and clindamycin hydrochloride*. 


Ultrafiltration Method-The precise method and equipment re- 
ported by Bennett and Kirby(8) was used in these protein binding de- 
terminations involving vacuum ultrafiltration of pooled human 
serum from healthy volunteers containing antibiotic added in a 
concentration of approximately 5 mcg./ml. For these studies, a single 
layer of cellophane membranes, previously sterilized by rinsing 
with 90% ethanol, was utilized. All experiments were performed in 
a manner simulating in cico conditions in that the initial serum pH 
was adjusted to the physiological range by bubbling of carbon 
dioxide, and all experiments were carried out in a 37" incubator. 
Ultrafiltration required less than 45 min. in every case, and post- 
filtration pH determinations revealed that the pH remained in the 
physiological range throughout the tests. 


A serum sample, corresponding to 100% Serum because of con- 
centration during filtration, was obtained for antibiotic assay a t  the 
midpoint of filtration. The principle and mathematics of this were 
explained in the original article (8). Antibiotic concentrations in the 
midpoint sample and in the ultrafiltrate sample were assayed by an  
agar well method (9) using Bacillus suhrilus (ATCC 6633) as the test 
organism for erythromycin and Sarcina lurea (FDA, PCI 1001) for 
lincomycin and clindamycin. The percent binding by 100% human 
serum was calculated by dividing the difference between the mid- 
point serum and filtrate antibiotic concentrations by the serum anti- 
biotic concentration and multiplying by 100. Modifications of this 
same formula were used throughout this study for determination 
of protein binding. Impermeability of the membrane to unbound 
antibiotic as a possible cause of apparent protein binding was in- 
vestigated by ultrafiltration of buffered saline solutions of the drugs. 


Tube Dilution Method-A good correlation between protein 
binding and decrease in antibacterial activity has been observed by 
a number of workers (10, 1 1 ) .  For the present studies the minimum 
inhibitory concentration in tryptose phosphate broth was com- 
pared to that obtained in a series of tubes containing a fixed con- 
centration of serum (25, 75, 90, or 100%) and small increments of 
antibiotic (0.02 mcg./ml.), with a range from 0.005 to 2.0 mcg./ml. 


Lincornycin------. 
Ultra- -----Clindamycin---- 


filtrate, Serum, Ultra- 
Serum, mcg./ Percent mcg./ filtrate, Percent 


mcg./ml. ml. Bound ml. mcg./ml. Bound 


5.85 
5.85 
5.85 
6.10 
6.10 
6.10 
6.10 
6.10 
6.10 
5.85 
5.85 
5.85 


1.62 
1.60 
1.66 
1.95 
1.88 
1.88 
1.48 
1.48 
1.47 
1.65 
1.67 
1.78 


72.30 
72.64 
71.62 
68.03 
69.18 
69.18 
75.73 
75.73 
75.90 
71.79 
71.45 
69.57 
71.93 


5.88 0.400 
5.88 0.365 
5.88 0.373 
4.25 0.270 
4.25 0.267 
4.25 0.272 
6.35 0.395 
6.35 0.410 


93.20 
93.80 
93.70 
93.64 
93.71 
93.60 
93.74 
93.54 
93.62 
___ 


Table 111-In Virro Determination of Human Serum Protein 
Binding Using 14C-Erythromycin Base (100% Serum) 


~ ~~~~ 


-Centrifugation-- 
-Ultrafiltration--- Per- 
Serum, Filtrate, Percent Serum, Filtrate, cent 
c.p.m. c.p.m. Bound c.p.m. c.p.m. Bound 


" I .  I 32,130.0 31.445.0 76 .2  
129,948.0 26,440.0 79.6 _ _  


73.5 


The test organism was a group A beta hemolytic streptococcus 
(clinical isolate), and hemolysis of human group 0 red blood cells 
was used as the bacteriostatic end-point. Minimal bactericidal 
concentrations were determined by subculture to antibiotic-free 
agar to establish an end-point where the hemolytic end-point was 
not clear cut. Percent binding was determined by dividing the dif- 
ference between the minimum inhibitory concentration in serum 
and in tryptose phosphate broth by the minimum inhibitory con- 
centration in serum and multiplying by 100. 


Radioactive Assay Method-As an additional check on the ac- 
curacy of protein binding results, and as another way to study the 
possibility of membrane trapping of free antibiotic, a series of ex- 
periments was performed using labeled erythromycin. The ultra- 
filtration technique was modified so that counting of disintegrations 
per minute rather than bioassay was used to determine antibiotic 
concentrations. Experiments were also carried out using the cen- 
trifuge' cone technique, which is an ultrafiltration method using 
centrifugation rather than suction to effect separation of protein 
bound from free antibiotic. With this method, 5 ml. of serum con- 
taining the labeled antibiotic (5 mcg./ml.) was placed in a com- 
mercially prepared porous cone lined with an inner synthetic mem- 
brane and centrifuged at  l00Xg for 20 min. a t  37", yielding 1 ml. of 
protein-free filtrate. The antibiotic used in this series of experi- 
ments was 1'C-labeled erythromycins at  a specific activity of 9.45 
pc./mg. All specimens were counted' for 20 min. in a liquid scintilla- 
tion spectrometer1 using appropriate internal standards. The con- 
centration of erythromycin in the serum was compared with that 
in the filtrate or centrifugate by counting a s  already described, and 
the percent binding was calculated by dividing the ditference be- 
tween the counts per minute in serum and centrifugate or filtrate 


1 Eli Lilly. 
Upjohn. 


a Union Carbide, D.M. l - l / a .  


' CFSOA, Amicon Corp.. Lexington, Mass. 
Lilly Research Laboratories. 
In Scintisol solution, Isolab, Akron, Ohio. 


1 Beckman. 
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Table IV-In Vif ro Determination of Human Serum Protein Binding of Erythromycin Propionate, Lincomycin, and 
Clindamycin Using Tube Dilution Technique 


Erythromycin, Minimum Inhibiting 
Concentration 


Percent Broth, Serum, Percent 
Serum mcg./ml. mcg./ml. Bound 


25 0.06 0.08 25.0 
66.6 0.04 0 . 1 2  
45.8 


75 0.02 0.12 83.3 
0.10 0.60 83.3 


-- 


83.3 


90 


Lincomycin, Minimum Inhibiting Clindamycin, Minimum Inhibiting 
Concentration Concentration 


Broth, Serum, Percent Broth, Serum, Percent 
mcg./ml. mcg./ml. Bound mcg./ml. mcg./ml. Bound 


0.40 0 . 8  50.0 0.04 0.10 60.0 
0.40 0 . 8  50.0 0.04 0.08 50.0 


50.0 55.0 
0.40 1 . 8  77.1 0.008 0.08 90.0 
0.40 1 .8  77.7 0.04 0.60 93.3 


77.7 0.04 0.40 90.0 
91.1 


- __ 


- 


0.02 0.10 80.0 0.60 2 . 4  75.0 0.06 0.60 90.0 
0.03 0.08 62.5 0.10 0.4 75 .O 0.025 0.40 93.7 


71.3 75.0 91.9 
- - ~ 


100 0.06 0.60 90.0 0.60 2 . 0  70.0 0.05 0.40 87.5 
95.0 


86.7 73.8 91.3 
__ 0.10 0.60 83.3 0.09 0.4 77.5 0 .03  0.60 


by the number of counts per minute in the serum and multiplying 
by 100. 


Impermeability of the membranes to free antibiotic as a possible 
cause of high protein binding values was also studied by ultra- 
filtration and centrifugation of buffered saline solutions rather than 
serum. Possible membrane trapping was also checked in another 
way: the membranes used in two of the experiments with serum 
were carefully removed from the chambers, rinsed lightly with 
distilled water, and, after air drying, were burned to release carbon 
dioxide in a sample oxidizer8; radioactivity representing erythromy- 
cin adherent to the membrane was then counted. 


RESULTS 


Using the ultrafiltration method with 100% serum and bioassay 
of the specimens, binding of the four antibiotics was found to be as 
follows: erythromycin base, 73.4%; erythromycin propionate, 
92.6%; lincomycin, 71.9%; and clindamycin, 93.6% (Tables I and 
11). Ultrafiltration of buffered saline solutions of the antibiotics 
revealed that less than 10% was trapped by the cellophane mem- 
brane, i.e., did not pass through into the filtrate. ’ 


These ultrafiltration results correlated well with binding as deter- 
mined by measurements of the decrease in antibacterial activity in 
serum by the tube dilution technique (Table 111). With the use of 
small increments of antibiotic (0.02 mcg./ml.) from one tube to the 
next and bactericidal end-points, particularly for the higher serum 
concentrations, there was good agreement of serum binding figures 
obtained with the two methods. 


Table IV summarizes the results of protein binding studies using 
14C-labeled erythromycin base. In these experiments, the mean 
binding of erythromycin by the ultrafiltration method was 73.5 z, 
very close to the73.4 % observed with bioassay. Filtration of buffered 
saline solutions of the drug demonstrated little evidence of mem- 
brane trapping (retention <4%), again a result similar to that re- 
ported with bioassay of the specimens. Studies of membrane trap- 
ping carried out by burning the membrane after ultrafiltration of 
serum and counting the labeled carbon dioxide released showed that 
only 0.05 mcg. or less of the erythromycin was retained by the 
membrane. Centrifugation studies, performed with the cone tech- 
nique as an alternative method of checking protein binding of I‘C- 
erythromycin, yielded a binding figure of 67.7 %. With centrifuga- 
tion of buffered saline solutions of the labeled antibiotic, 11.7% of 
the radioactivity was present in the cone. 


DISCUSSION 


The low degree of serum protein binding commonly attributed to 
erythromycin (2), lincomycin (3), and clindamycin (4) has been 
based chiefly upon tube dilution studies demonstrating little or no 


* Packard Tri-Carb model 305. 
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increase in minimum inhibiting concentration in serum as compared 
with broth. However, these measurements are subject to a large 
error when twofold dilutions are used and when the concentration 
of serum employed, often 50%, is far below that occurring in the 
blood. Other technical factors that may cause erroneous binding 
determinations include use of very high concentrations of antibiotic, 
far above those seen under in aiao circumstances, or the use of serum 
of different species which has been found to give binding results 
different for some drugs from those of human serum (I). A widely 
quoted ultrafiltration study said to demonstrate 1 8 z  binding of 
erythromycin by human serum was actually done with serum pro- 
tein fractions rather than whole serum (12). A lincomycin dialysis 
study using 50% horse serum demonstrated no evidence of binding, 
while a similar study showing 20% binding did not specify the 
concentration of antibiotic used (3). 


Recently reported high degrees of binding of erythromycin and 
erythromycin estolate carried out a t  antibiotic concentrations in the 
range usually found in patients and using the ultrafiltration tech- 
nique revealed binding values of 81.4 and 295.7%. respectively 
(13). Other recent studies have also shown quite high binding figures 
for lincomycin (80-90Z) (6) and clindamycin (83 %) (7). 


The presently reported studies, carried out in conjunction with the 
various controls described earlier, also indicate a high degree of 
serum protein binding for erythromycin and erythromycin pro- 
pionate, which is the free base of erythromycin estolate. The dif- 
ference in binding noted for the two erythromycins is apparently 
not solely due to the difference in molecular weights, since the per- 
cent binding for erythromycin base (mol. wt. 733.92) is about 20% 
less than that of erythromycin propionate (mol. wt. 789.96), while 
there is only a 7 % difference in their molecular weights. 
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Pharmacological Evaluation of 
Medicinal Plants from Western Samoa 


T. R.  NORTON', M. L. BRISTOL, G. W. READ, 0. A. BUSHNELL, M. KASHIWAGI, 
C. M. OKINAGA, and C. S. ODA 


Abstract 0 A total of 110 plant parts from 34 different species of 
medicinal and toxic plants was collected for pharmacological 
testing in or near the Lefaga District on the island of Upolu in 
Western Samoa. Voucher specimens of all species were also made. 
From the 110 plant parts, 21 1 different extracts were prepared and 
evaluated for antiviral, antibacterial, and anti-Ehrlich ascites 
tumor properties and for effects on blood pressure, heart rate, res- 
piration, electrocardiogram, electroencephalogram, and gastric 
motility. Twelve extracts were effective in uitro as antibacterial 
agents and six inhibited Ehrlich ascites tumor growth in mice. 
Ninety-one extracts showed hypotensive properties, 31 for more 
than 30 min. 


Keyphrases 0 Medicinal plants--pharmacological evaluation of 
34 species from Western Samoa 0 Antiviral activity-34 plants 
from Western Samoa screened 0 Antitumor activity-34 plants 
from Western Samoa screened 0 Antibacterial activity-34 plants 
from Western Samoa screened 0 Antihypertensive activity-34 
plants from Western Samoa screened 


As part of a broad program of ethnobotanical and 
pharmacological studies of medicinal plants and other 
biota from the Pacific basin, medicinal and poisonous 
plants of Western Samoa were collected for pharma- 
cological and chemical evaluation. The ethnobotanical 
phase was centered in Lefaga District on the island of 
Upolu. The flora was studied intensively, and a large 
collection of herbarium specimens was obtained. 
Ethnobotanical data concerning the names, usage, and 
special significance of most of the woody and some of 
the herbaceous flora were gathered for native and intro- 
duced plants. This information, which included a large 
body of medicinal lore, was gathered from many people 
in Lefaga District. No prominent practitioner of native 
medicine was located in the District, so the data ob- 
tained on medicinal plants are not those of one out- 
standing individual but rather reflect that body of in- 
formation widely known to many Samoans. Extensive 
botanical collections were also made in the interior of 
Savaii island and to a lesser extent at many coastal 
points on both islands. Whenever possible, ethno- 


botanical data were gathered at the same time from 
local people. 


The 34 plants chosen for inclusion in the pharmacologi- 
cal studies are native or naturalized species, many of 
which also occur on adjacent island groups. Most are of 
therapeutic or toxicological interest to the Samoans 
today and many are noted in the literature concerning 
Samoa. Three plants, Ochrosia oppositifolia, Barring- 
tonia samoensis, and Terminalia samoensis, were included 
because of their close botanical relationship to plants 
known for their physiological activity. Herbarium 
voucher specimens were made for all the plants studied'. 
The plant materials analyzed were air dried in Samoa in 
a large rack of screen trays heated gently by kerosene 
lanterns. The material was sealed in polyethylene for air 
shipment to  Honolulu, Hawaii. 


A direct evaluation under clinical conditions of the 
use of the plants by the local Samoans was not at- 
tempted. However, it was felt that the probability of 
physiological and chemotherapeutic effects might be 
greater with plants selected by the local people for 
medicinal use than with plants selected at random. 
Whether this is so remains a moot point. No checks 
were carried out for possible potentiation corresponding 
to use of several plants in a given local remedy. 


Each plant part from Western Samoa was powdered 
and extracted with methylene chloride and then 60 % 
ethanol. In this manner, the extraction method gave two 
extracts, the methylene chloride extract containing the 
relatively nonpolar constituents and the aqueous 
ethanolic extracts containing the more polar constit- 
uents. All extracts were examined for antiviral, anti- 
tumor, and antibacterial activity as well as for systemic 
effects in the rat. 


They are deposited at the B. P. Bishop Museum, Honolulu, Hawaii; 
U. S. National Herbarium, Washington, D. C.; Gray Herbarium, Cam- 
bridge, England; Royal Botanic Gardens, Kew, England; and at several 
other herbaria. 
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Chemical Synthesis of l-'4C-Octadecyldihydxyacetone 
Phosphate and 1-'"C-Octadecyldihydroxyacetone 


CLAUDE PIANTADOSI*A, KUN CHAE*, KHALID S. ISHAQ*, and FRED SNYDERt 
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Abstract 0 The synthesis of 1-14C-octadecyldihydroxyacetone 
phosphate of high specific activity was accomplished oia the cyclo- 
hexylammonium salt of 1-0-(1-14C-octadecyl)-2,2-dirnethoxy- 
propane-3-phosphate, 


Keyphrases 0 l-lcC-Octadecyldihydroxyacetone and phosphate- 
synthesis 0 l-0-(1-~4C-Octadecyl)-2,2-dimethoxypropane-3-phos- 
phate, cyclohexylammonium salt-used in synthesis of high 
specific activity 1-W-octadecyldihydroxyacetone and phosphate 


Piantadosi et al. (1, 2) previously reported the total 
chemical synthesis of unlabeled 0-alkyl dihydroxy- 
acetone phosphate, 0-alkyl dihydroxyacetone, and the 
derivatives. However, to study the metabolism of these 
compounds, it became necessary to synthesize them with 
radioactive labels. In biological systems, the 0-alkyl 
dihydroxyacetone phosphate is a key intermediate in 
the biosynthesis of complex ether-linked lipids (3 11). 
This report describes the preparation of 1- 14C-octadecyl- 
dihydroxyacetone and its phosphate derivative having 
high radiopurities and high specific activities. 


The sequence of reactions used to synthesize the 
labeled compounds was based on the previous pro- 
cedure for the synthesis of unlabeled 0-alkyl dihydroxy- 
acetone phosphate and derivatives (2). In the present 
synthetic procedure (Scheme I), 3-0-benzylglycerol (I) 
was esterified with p-nitrobenzoyl chloride in the pres- 
ence of pyridine, resulting in a crude mixture of mono- 
and diesters (11); this mixture contained over 70% of 
the monoester derivative as determined by TLC. The 
Compound I1 mixture was oxidized to 111 with dimethyl 


12oal1  


. 
0 1  20 3 0 1  
0 lo ZONE NUMBER SF 


Figure 1-TLC 14C-zonul profile scans of I-14C-octadecyldihydroxy- 
aeetone pltosphule. The solupnt system used was chloroform-methanol 
-acetic acid-wurer (50:25:8:4 ole). 0 = origin, and SF = solwnt 
fronf. 


sulfoxide and dicyclohexylcarbodiimide in the presence 
of trifluoroacetic acid. Compound 111 was ketalized 
to IV, which was hydrolyzed to V with sodium hy- 
droxide. Compound V was then reacted with l-I4C- 
octadecyl bromide in the presence of powdered potas- 
sium hydroxide in benzene, resulting in VI. After puri- 
fication by silica gel column chromatography, Com- 
pound VI was debenzylated with palladium black to VII, 
which was phosphorylated to VIII. Compound VIII 
was hydrogenated with platinum oxide to remove the 
phenyl groups, and finally the cyclohexylammonium 
salt (X) was isolated. Compounds X and VII were 
treated with dilute hydrochloric acid to release XI and 
XII, respectively. 


EXPERIMENTAL' 


3 - 0 - k y l g l y c e r d  (D-3-0-Benzylglycerol was prepared ac- 
cording to the. procedures of Sowden and Fischer (13) and Howe 
and Malkin (14). 
l-O-(pNltrobenzoyl)-~~yl-~po~ (IIl)-Compound 


1 ,was esterified with pnitrobenzoyl chloride in the usual manner 
to give Compound 11. TLC, using a solvent system of chloroform- 
diethyl ether (60:40 v/v), revealed a 70% yield of the mono-p- 
nitrobenzoyl derivative. Compound I1 was subjected to the Pfitz- 
ner-Moffatt oxidation for a period of 5 hr. (15, 16). The filtrate was 
extracted three times with 200-ml. portions of an ice-cold saturated 
sodium bicarbonate solution, two 200-ml. portions of water, and 
finally dried over anhydrous sodium sulfate. The ether was removed 
under reduced pressure, and the residue was taken up in 300 ml. of 
warm ether and left overnight a t  5". The resulting 25 g. of product 
was recrystallized from 200 ml. of ether at 5" and yielded 21 g. (32x 
based on the reacted 3-0-benzylglycerol ether), m.p. 92-93 '. TLC in 
chloroform-ether (60:40 v/v) revealed one spot having RI 0.68. 


A n a l . 4 c .  for CltHlsNOc: C, 62.00; H, 4.59; N, 4.25. Found: 
C, 62.01; H, 4.68; N, 4.28. 


Compound 111 was ketalized in the usual manner in the presence of 
absolute methanol, trimethylorthoformate, and a catalytic amount 
of concentrated sulfuric acid. TLC in n-hexane-ether (80:20 v/v) re- 
vealed a single component with RI 0.51, indicating that complete 
ketalization of Compound 111 had occurred to give Compound IV. 
l - H y d r o x y - 2 ~ - d y - ~ O ~ y l p o ~  0-Seven grams 


of Compound IV was dissolved in 100 ml. of methanol containing 
10 ml. of 4 N sodium hydroxide solution, and the mixture was 
stirred at room temperature for 24 hr. The methanol was evaporated 
and the remaining aqueous mixture was extracted three times with 
15O-ml. portions of ether. The combined ethereal extracts were 
washed once with 100 ml. of water and dried over anhydrous sodium 
sulfate, After removing the ether under reduced pressure, 3.2 g. 
(80% yield) of the syrupy product was obtained. TLC in n-hexane- 
ether (50:50 v/v) revealed one spot with R f  0.25. 


l-O-(pNitrobenzayl)-2~.dimeth0~y-3-0-benzylp0~ ( I V b  


1 The 1-1CCoctadecyl bromide 2.5 mc./mmole). which was urchased 
from International Chemica! and Nuclear Corp., Irvine, Calf., had a 
rahopunty >99 %. Radioactive lntennedtates were punfied on columns 
(1.9 X 12 cm.) containing 15-20 g. silica el (70-325 mesh, Bnnkmann). 
Melting points were taken with a Mel-femp melting-point apparatus 
and are corrected. Elemental analyses were performed by Atlantic 
Microlab, Inc.. Atlanta, Ga. The specific radioactivities were determined 
with a Packard Tri-Carb scintillation spectrometer (model 3320) whlch 
had a 1'C counting efficiency of 79%. The radiopurity of the labeled 
compounds was determined by a ZOMI profile scanning method (12). 
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A n a L 4 c .  for ClzHlsOt: C, 63.69; H, 8.01. Found: C, 63.60; 
H, 7.98. 


In a 30-ml. reaction filter flask, equipped with a magnetic stirrer, 
Dean-Stark receiver, reflux condenser, and anhydrous calcium 
sulfate' drying tube, were placed 200 mg. of powdered potassium 
hydroxide and 340 mg. (1.5 mmoles) of Compound V dissolved in 
10 ml. of dry benzene. Then 333 mg. of 1-1'C-octadecyl bromide 


l - o ~ l - " c - o r t e d e c y l ~ 2 ~ ~ ~ x y ~ ~ l ~ o ~  (w- 


* Drierite. 


(1.0 mmole) in 15 ml. benzene was added, and the mixture was r e  
fluxed in a sand bath at 83-87" for 24 hr. The cooled mixture was 
filtered under nitrogen to remove the potassium bromide, and the 
filtrate was collected in a 1oO-ml. round-bottom flask. After the 
precipitate was thoroughly washed with chloroform. the combined 
filtrate was evaporated under reduced pressure. The oily product 
(750 mg.) was dissolved in 5 ml. of warm n-hexane and was applied 
on a column (1.9 X 12 cm.) containing 15 g. of silica gel. The column 
was eluted with the following sequence of solvents: Solvent I, 100 d. 
n-hexane; Solvent 11, 100 ml. n-hexane-ether (7:3 v/v); and Solvent 
111,100 ml. n-hexane-ether (1 : 1 v/v); 20-ml. fractions were collected. 
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Fractions 1-5 contained the alkyl halide and hydrocarbon break- 
down products. The desired product, Compound VI, appeared in 
fractions 7 and 8 (425 mg., 89 z yield). 


A n a l . 4 c .  for CloHsrOc: C, 75.26; H, 11.37. Found: C, 75.23; 
H, 11.53. 


Compound VI (425 mg.) in 50 ml. of n-hexane was debenzylated 
with 250 mg. of palladium black in a Parr hydrogenator at 20 p.s.i. 
at room temperature for 5 hr. The catalyst was filtered and washed 
thoroughly with chloroform. The combined filtrate was evap- 
orated under reduced pressure. Then the white solid product 
(350 mg.) was dissolved in about 5 ml. of warm n-hexane and ap- 
plied on a column ( I  .9 X 12 cm.) containing 20 g. of silica gel. The 
column was eluted with the following solvents: fraction 1 ,  150 ml. 
n-hexane; fraction 2. 100 ml. n-hexane-ether (9:l v/v); fraction 3, 
100 ml. n-hexane-ether (8 :2 v/v); and fraction 4,100 ml. n-hexane- 
ether (7:3 v/v). Fractions 1-3 contained some of the hydrocarbon 
breakdown products, and fraction 4 contained Compound VIl(230 
mg., 66z yield). 


Anal.-Calc. for CzaHrOt: C, 71.08; H, 12.44. Found: C, 71.21, 
H. 12.30. 


Cydohexylammonium Salt of I-O-(l-14C-Octadecyl>2f-dime- 
tboxypropane-fphasphate (X)-A solution of 200 mg. of Compound 
VII (0.51 m o l e )  in 10 ml. of dry pyridine was placed in a 30-ml. 
reaction filter flask and cooled to 0" in an ice bath. Over 5 min., 250 
mg. of diphenyl chlorophosphate was added with stirring. The 
tlask was stoppered and allowed to stand at 5" for 24 hr. The pre- 
cipitated pyridine hydrochloride was removed by filtration under 
nitrogen pressure and the filtrate was collected. After the precipitate 
was thoroughly washed with benzene, the combined filtrate was 
evaporated to dryness under reduced pressure. The oily product 
(320 mg.) was dissolved in 5 ml. of benzene and was applied to a 
column (1.9 X 12 cm.) containing 15 g. of silica gel. The column was 
eluted with 150-ml. portions of benzene, benzene-chloroform (3 : 1 
v/v), and benzene-chloroform (1 : 1 v/v); 50-ml. fractions were col- 
lected. Fractions 5-8 contained 255 mg. (8Oz) of the phosphorylated 
intermediate, VIII. Compound VIII was dissolved in 50 ml. of 
absolute ethanol containing 150 mg. of platinum oxide and hydro- 
genated at 15 p.s.i. at room temperature for 3 hr. to remove the 
phenyl groups. The catalyst was removed by filtration and washed 
with absolute ethanol. Subsequently, 100 mg. of cyclohexylamine 
was added to  the filtrate, and the mixture was left overnight at room 
temperature. After the solvent was removed under reduced pressure. 
a white solid product (325 mg.) appeared which was dissolved in 15 
ml. of chloroform and stored at - 15". 
l-O-(l-14C-Octadecyl)dihydroxyarrtone Phosphate (XI)-1-0- 


(1-1GOctadecyl)dihydroxyacetone phosphate was prepared from 
Compound X by the method described previously (2). About 10 mg. 
of Cornpound X was dissolved in 5 ml. of 0.1 N HCI and shaken at 
37" for 2 hr. The mixture was immediately extracted by a modifica- 
tion of the Bligh and Dyer (17) procedure, the solvent was removed 
under reduced pressure, and the product was dissolved in chloro- 
form. TLC in chloroform-methanol-acetic acid-water (50:25 :8 :4 


l-O-(l-"C-Octadecyl)-23-dimetholy-j-hydr0~y~p~ ( W I F  


v/v) showed the product to be over 99 z pure; the specific radioac- 
tivity was 2.46 mc./mole. Figure 1 shows the 14C-zonal profile scan 
of l-O-(l-14Cschdecyl)dihydroxyacetone phosphate ifter treatment 
of the cyclohexylammonium salt with dilute hydrochloric acid. 
l-O-(l-l~C-Oetpdecyl)dihydroxyacetone O n ~ l - O - ( l - ~ ~ C - O c t a -  


decy1)dihydroxyacetone was prepared from Compound VII by 
the same method used to prepare Compound XI. The radiopurity 
was 98-99z, as determined by TLC using a solvent system of hex- 
ane-ether-methanol-acetic acid (70:30:5: 1 v/v). 
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Characterization of Crystalline Calcium Pantothenate by 
Physicochemical Assay Methods 


M. J. FRANK, P. G. TRACER, J. B. JOHNSON, and S. H. RUBIN' 


Abstract IJ Crystalline calcium pantothenate was characterized 
by application of analytical techniques including: (a )  TLC separa: 
tion of intact calcium paptothenate from its degradation product 
p-alanine. (b) electrochemical methods using a calcium-specific 
ion electrode, (c) spectropolarimetry, and id )  colorjmetric deter- 
mination of pantothenate according to Schmall and Wollish. These 
measurements complement one another to ensure the specificity 
and stability of crystalline calcium pantothenate. Analysis of cal- 
cium psntothenate materials having varying degrees of purity was 
accomplished by these physicochemical methods as well as the pre- 
scribed microbiological procedure. Data indicative of good agree- 
ment between the two procedures, within the precision of the micro- 
biological assay, are shown. The spectropolarimetric technique is 
not applicable to materials that contain optically active species 
other than calcium pantothenate. Stability data for the solid-state 
degradation of calcium pantothenate in the presence of ascorbic 
acid, benzoic acid, barbituric acid, and succinic acid are presented. 
The stability results are interpreted in terms of general-acid ca- 
talysis. 


Keyphrases 0 Calcium pantothenate, crystalline-characterization 
by TIC, potentiometric titrimetry, spectropolarimetry, and color- 
imetry, compared to microbidogicdl method 0 Pantothenates, 
calcium pantothenate-characterization by combination of phys- 
icochemical methods, compared to microbiological method 0 
TLC-separation, calcium pantothenate from p-alanine 0 Potentio- 
metric titrimetry-calcium assay, calcium pantothenate 0 Spectro- 
polarinietry- -determination, optical rotation of calcium pantothen- 
ate 0 Colorimetry-determination, pantothenate, ninhydrin rea- 
gent 


The analysis of pantothenates, in the pure state and 
in dosage forms, has been the subject of numerous 
publications in the past 3 decades. Several established 
methodologies, particularly chemical colorimetry and 
microbiological methods, have been used to  determine 


1 2  3 . 4  5 6 7 8 9  


Figure 1-Thin-laycv clrromutogram of USP and 80% "stabilized" 
,forms of' ctilcium pantotlierrute and o f  its degradation product 8- 
cilairitic.. Key: I ,  srabilized form, 2.50-mcg. exprrimentul sample; 
2. stabilized form, 25V-mcg. ronniierci~rl sample; 3, 0-alanine, 
0.5 mcg.; 4 .  0-crIanitie. 1.0 mcg.; 5 ,  P-almiiiie, 3.0 mcg.; 6, 6-alanine, 
5.0 mcg.; 7 .  (3-alunine, 10.0 mcp.; 8,  USP .form. 250-ntcg. cow- 
mercia/ SamplP; ulid 9, USP form, 250-nirg. expc~rimelltut sample. 
Note: All sumples are initiul. 


pantothenates. The colorimetric methods are based on 
the color reactions of the products which result from 
the hydrolytic cleavage of the vitamin in acidic or basic 
media. Acid hydrolysis of pantothenates produces p- 
alanine (3-aminopropionic acid) and pantoIactone (2,4- 
dihydroxy-3,3-dimethylbutyric acid y-lactone); with 
alkali treatment, pantothenates split into p-alanine and 
pantoic acid (2,4-dihydroxy-3,3-dimethylbutyric acid) 
sodium salt. 


Colorimetric assay methods described in the litera- 
ture include the reactions of p-alanine with 2,4-dini- 
trophenylhydrazine (l), 1,2-naphthoquinone-4-sulfo- 
nate (2), or ninhydrin (3); the reaction of 2,7-naph- 
thalenediol with pantolactone (4); the reaction of 
pantolactone with hydroxylamine and the final devel- 
opment of a purple color with ferric chloride ( 5 ) ;  and 
the chlorination of p-alanine followed by the liberation 
of iodine on the addition of an iodide solution (6) .  The 
colorimetric methods have been modified further by 
the elimination of interfering substances by solvent 
extraction and column chromatography prior to color- 
imetry (7-9), as well as by improvements in the reagents 
employed in the color-development step (10- 12). 


The microbiological assay procedures are based on 
the reaction of a suitable test organism with pantothen- 
ate. The microbiological methods are superior to the 
colorimetric techniques in that the former are specific 
for the physiologically active d-form of the vitamin, 
whereas colorimetry fails to differentiate between the 
enantiomorphs of pantothenate. Several microbio- 
logical assay methods employing a variety of test or- 
ganisms have been documepted (13 -1 5 ) ;  the presently 
recommended procedure described in USP XVIII 
utilizes Lactobacillus plantarum as the test organism. 
Less publicized analytical methods used to determine 
pantothenate include the complexometric titration of 
calcium in calcium pantothenate with disodium ethyl- 
enediaminetetraacetate (16), GLC (17, lS), optical 
rotatory dispersion, and circular dichroism (19). 


There appears to be no report in the literature in 
which a combination of physicochemical assay methods 
has been applied to  characterize crystalline calcium 
pantothenate [calcium D(+)-pantothenate] completely. 
The present investigation was initiated to apply existing 
physicochemical techniques and to develop new meth- 
ods for the analysis of calcium pantothenate materials 
having varying degrees of purity. The physicochemical 
techniques utilized include: (a) TLC separation of 
intact calcium pantothenate from its degradation prod- 
uct p-alanine, (b )  electrochemical methods using a 
calcium-specific ion electrode, (c )  spectropolarimetry, 
and ( d )  colorimetric determination of pantothenate 
according to Schmall and Wollish (7). These methods 
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complement each other to ensure specificity in the anal- 
ysis of crystalline calcium pantothenate, as evidenced 
by the excellent agreement of assay results obtained 
with the physicochemical techniques and the prescribed 
microbiological procedure (within the limits of repro- 
ducibility of the latter). 


In addition to the analytical investigation, a study 
was initiated to determine the kinetics and mechanism 
of the solid-state degradation of calcium pantothenate, 
particularly in the presence of such organic acids as 
ascorbic acid, barbituric acid, benzoic acid, and succinic 
acid. Due to the complexity of the interactions involved, 
only preliminary stability data are presented ; the entire 
kinetic study will be published later. 


EXPERIMENTAL 


Apparatus-TLC--Thin-layer plates were prepared by coating 
20 X 20-cm. glass plates with 0.5 mm. of a cellulose MN 300 
G/UV1 slurry and were dried overnight at 40". A commercially 
available spreader2 was used to prepare all plates. 


Potentiometric Tifrimetry-Saturated calomel and calcium- 
specific ion electrodes were employed as the reference electrode and 
auxiliary electrode, respectively. The potential changes during the 
titration were measured with a digital pH meter', and all titrations 
were performed with an automatic constant-rate burets in synchroni- 
zation with a linear recorders. 


Spectropolarimetry-Optical rotations were measured with a 
single-beam digital polarimeter7 using a cell with a 100-mm. path 
length. 


Colorimetry-Spectra and spectrophotometric assays were deter- 
mined with a double-beam UV/visible recording spectrophotometer* 
using matched 1-cm. quartz cells. 


Reagents-Specific reagents are described under the individual 
analytical procedures. All other common reagents were ACS certi- 
fied grade. Distilled, deionized water was used for the preparation 
and dilution of all solutions unless otherwise specified. 


Analytical Procedures-TLC-Calcium pantothenate (250 mg.) 
was dissolved in 10 ml. of water, and 10 pl. (250 mcg.) was applied to 
the plate. Then 1.000 g. of &alanine* was dissolved in 100 ml. of 
water, and solutions containing 0.125, 0.25, 0.50, 1.0, 3.0, 5.0, and 
10.0 mcg./5 pl. of solution were prepared. Five microliters of each 
solution was applied to the plate to serve as a comparison standard. 
The chromatogram was developed in a solvent system consisting of 
ti-butanol-ethanol-water (40 : 30 : 30), and the solvent front was 
allowed to ascend 15 cm. above the point of application of the 
sample. 


The detection reagent was prepared by dissolving 300 mg. of 
ninhydrin'O in 100 ml. ofn-butanol and adding 3 ml. of glacial acetic 
acid. The plate was then sprayed with the ninhydrin reagent and 
heated for 30 min at 105". The 0-alanine and calcium pantothenate 
appear as violet bands at R, 0.40 and 0.65, respectively. Since 2.67 
mg. of calcium pantothenate degrades to form 1.0 mg. of 0-alanine, 
the 0-alanine standard that corresponds to the p-alanine found in 
the sample must be multiplied by 2.67 to obtain the amount of 
calcium pantothenate that has degraded. A typical chromatogram 
is presented in Fig. 1. 


Although the analytical procedure for determining the percent 
intact drug retained may have a precision of +2% and the estima- 
tion of degradation by TLC may have a precision of only &20%, 
it is more accurate to gauge degradation by the amount of decom- 
position product formed when the amount of degradation lies in the 
0-5 % range. The direct determination of small amounts of decom- 


* Macherey, Nagel & Co., Duren, West Germany. 
* Quickfield and Quartz, Ltd., Stone, England. 
3 Orion model 92-20. 
4 Orion Ionalyzer model 801. 
6 Sargent model C. 
6 Sargent model SRL. 
7 Perkin-Elmer model 141. 
8 Beckman Acta 111. 
0 Matheson, Coleman & Bell. 


10 Eastman. 


-50 t 
-40 I 
-30 t 


+20 I /  
+"F +40 


0 10 20 30 40 50 
TITRANT ADDED, ml. 


Figure 2-Titrution curve of culcium puntotherrafe against 0.05 N 
disodium ethylenediamineterraace t ate. 


position products by TLC is certainly more meaningful than ascer- 
taining degradation based on small variations in the assay for the 
intact drug. 


Calcium Assay-Reagent: p f f  10 Bufler-Ammonium chloride 
(4.3 9.) and 26.6 ml. of concentrated ammonium hydroxide were 
dissolved and diluted to 1 1. with water. 


Reagent: 0.05 N Disodium Etiiylenediamit~etetraacetate, Dihy- 
drate-Disodium ethylenediaminetetraacetate, dihydrate, 18.61 g., 
was dissolved in 1 1. of water. 


Procedure-Approximately 4.0 g. of calcium pantothenate was 
weighed accurately and transferred to a 2 5 0 4 .  volumetric flask. 
The sample was dissolved in 100 ml. of water and diluted to volume 
with water. In the event the solution appeared cloudy, Whatman 2v 
filter paper was used to filter the solution. A 50-1111. aliquot of the 
clear solution was pipeted into a 250-ml. beaker, and 100 ml. of the 
buffer was added. The solution then was titrated with 0.05 N di- 
sodium ethylenediaminetetraacetate employing the apparatus al- 
ready described. The titration was repeated on a second 50-ml. 
aliquot of the stock solution. A characteristic titration profile is 
illustrated in Fig. 2. 


Optical Rotation-The equivalent of 400 mg. of calcium panto- 
thenate was weighed into a 25-1111. volumetric flask and dissolved 
in 20 ml. of water. The sample was diluted to volume with water and 
filtered with Whatman 2V filter paper. If cloudiness persisted, the 
previously filtered solution was refiltered with 0.45-p filter paper ll. 
The rotation was measured at a suitable wavelength, usually 589 
nm., and the specific rotation was calculated. The optical purity was 
determined by comparing the specific rotation of the sample to 
that obtained with calcium pantothenate, USP reference standard. 
Table I shows the specific rotation of calcium pantothenate and 
pantolxtone as a function of wavelength at 20". using water as the 
solvent. The specific rotation will vary with the solution composi- 
tion; i.e., the presence of succinic acid or some other optically inac- 
tive solute will affect the specific rotation of the optically active 
species. The optical rotatory dispersion curves of calcium panto- 
thenate and pantolactone were reported previously in the literature 
(19). Calcium pantothenate was found to exhibit a positive Cotton 


11 Millipore Filter Corp. 
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Table I -Specific Rotation of Calcium Pantothenate and 
Pantolactone as a Function of Wavelength at  20" 


Specilic Rotation of 


Wavelength, nm. Pantothenate Pant olactone 
Calcium Specific Rotation of 


589 +27.4 -50.9 
578 
546 
436 
365 


+28 I 8 
+33.0 
+58.8 
+99.1 


-53.6 
-62.1 


-121.2 
-227.6 


Table 11-Precision of Spectropolarimetric Method 


Deviation from 
Sample Specific Rotation Mean 


1 26.7 -0.4 
2 27.4 +0.3 
3 26.9 -0.2 
4 
5 
6 
7 
8 
9 


10 


27.4 
27.4 
26.8 
27.3 


~- 
+0.3 
+0.3 
-0.3 
+0.2 


27.1 0.0 
27.1 0.0 
27.0 -0.1 


Mean 27.1 
s D 0.26 


effect with a peak at 227 nm. (a  = 1066), while pantolactone showed 
a negative Cotton effect with a trough at 233 nm. ( a  = -6081). 
The positive Cotton effect in calcium pantothenate and the negative 
Cotton effect in pantolactone are presumably due to the carbonyl 
chromophore found i n  the amide group and the 7-lactone of the 
two species, respectively. 


The precision obtained with the spectropolarinietric method is 
illustrated in Table 11. A standard deviation (SD) of 0.26 was ob- 
tained in 10 replicate experiments, when thc specific rotation was 
determined at  589 nm. The precision of the spectropolarimetric 
technique employed in the present study compares favorably to the 
precision obtained by Schmall and Wollish (7) with the colorimetric 
methods. 


Colorimetry- Calcium pantothenate was determined according 
to the method of Schmall and Wollish (7), using ninhydrin as the 
coloring reagent. The procedure and reagents, with the exception 
of the preliminary column chromatography, are exactly as described 
in Rqferrrse 7. The assay consists of the basic hydrolysis of calcium 
pantothenate under reflux conditions to yield /3-alanine and pantoic 
acid. On heating a dilute solution containing p-alanine and ninhy- 
drin. oxidative dedmination results in the formation of a purple 
species having an absorbance maxinium at 570 nm. A known 
amount of calcium pantothenate is also hydrolyzed and serves as a 
comparison standard. A Beer's law plot for the 8-alanine-ninhydrin 
complex is presented in Fig. 3. 


Microbiological Assay-The microbiological assay was per- 
formed as described in USP XVIII (p. 864). When conducted with 
extreme care, the precision of the assay was 1 3  %. 


Stability Studies-The solid-state stability study was prepared 
by combining calcium pantothenate with ascorbic, barbituric, ben- 
zoic, or succinic acid in a mole ratio of 1 : 16. This ratio was based 


Table 111-Results of Calcium Pantothenate Assays 


0 2 4 6 8 
CONCENTRATION, mcg./rnl. 


Figure 3-Beer's low plot.for the ~-oloi?ine-llinhydrirl complr x. 


on the recommended dietary allowance of calcium pantothenate 
and ascorbic acid established by the Food and Nutrition Board of 
the National Research Council (20). The samples were stored in 
10-ml. rubber-stoppered vials a t  various temperatures and were 
withdrawn at  appropriate times for assay. Whenever possible, the 
stability was followed spectropolarimetrically at 365 nm., using the 
specific rotation of calcium pantothenate and that of the degradation 
product, pantolactone, to determine the amount of intact calcium 
pantothenate. The microbiological assay method was utilized to  
assay samples containing ascorbic acid. 


The percent of intact calcium pantothenate in a solution origi- 
nally containing 10 mg./ml., as determined by spectropolarimetry, 
is given by the following equation: 


A - 0.00545W) (Eq. calcium pantothenate = ~ _ _  - __ ~ O.Ol(C) - 0.00545(B) 


where: 


A = observed rotation at  wavelength X 
B = specific rotation of pantolactone at  wavelength X 
C = specific rotation of calcium pantothenate at  wavelength X 


RESULTS AND DISCUSSION 


The results of the assay of calcium pantothenate obtained with 
the various analytical methods are summarized in Table 111. The 
percent loss on drying is listed for samples that are theoretically 
100% calcium pantothenate in order to provide a better estimation 
of the accuracy of each method. The data indicate that the precision 


~ ~ ~~~ ~ 


Theoretical - Assay for Calcium Pantothenate---- - 
Percent Micro- 


Calcium Percent Loss on Percent Spectro- biological 
Sample Pantothenate Dryingo P- Alanine Titrimetry polarimetry Colorimetry Method 


A 
B 
C 
D 
E 
F 


80 
100 
100 


- 
2.8 
0.32 


80 - 
100 2.7 
100 0.78 


<o. 1 
3.8 


<0.05 


82.6 
95.4 
99.8 


81.1 
92.3 
98.9 


81.5 
96.4 
99.5 


82 
93 
99 


0.0s  81.3 81.9 81.7 82 
3.9 95.0 94.5 96.8 94 


<0.05 99.7 99.6 99.0 99 


a Three hours at 105". 
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Table IV-Solid-state Stability of Calcium Pantothenate in the 
Presence of Several AcidsQpb 


~~ 


Spec- Micro- 
tro- bio- 


polar- logical 
Sample Condition TLC imetry Method 


~~ 


10 


Calcium 4 days, 70” 25 25 23 


Calcium 4 days, 70” 75 73 71 


Calcium 4 days, 70” 75 76 72 


Calcium 16 hr., 55” 20 18 20 


6 


Calcium 4 days, 70” - - 


pantothenate + ascorbic acid 


pantothenate + barbituric acid 


pantothenate + benzoic acid 


pantothenate + succinic acid 


pantothenate + succinic aci& 


pantothenate + ascorbic aci& 


Calcium 16 hr., 55” . .  - 


a Mole ratio of calcium pantothenate-acid of 1 : 16. b The pKla of 
each acid is about 4.2. c Three percent watcr. 


of the assay for a single sample using the various analytical tech- 
niques is extremely good. When considerable amounts of 0-alanine 
are present, the colorimetric method yields consistently high results 
because the technique is based on the P-alanine-ninhydrin color 
reaction. This difficulty may be eliminated by separating any pre- 
formed 8-alanine on  a Dowex 50-X4(H) column (7), thus rendering 
the method rather specific for intact pantothenate. 


In view of the excellent agreement between the spectropolari- 
metric and microbiological methods, particularly in the presence of 
excess p-alanine, the optical purity of the vitamin appears to be 
closely approximated by the spectropolarimetric technique. The 
complexometric titration for calcium complements the assay results 
obtained with the other methods, as evidenced by the data presented 
in Table 111. The titrimetric method is only for the calcium content 
and does not reflect the stability of the pantothenate moiety per se. 
The analytical results suggest that these physicochemical techniques, 
when applied in combination, assure a specificity and precision of 
assay that allow the accurate determination of the purity, identity, 
and stability of crystalline calcium pantothenate materials having 
varying degrees of purity. The spectropolarimetric and TLC meth- 
ods, however, are not applicable to the assay of calcium panto- 
thenate in multivitamin preparations and in the presence of certain 
materials, such as ascorbic acid. 


To test the applicability of the spectropolarimetric and TLC pro- 
cedures to stability studies, a limited solid-state compatibility study 
was initiated. The results of this investigation are tabulated in Table 
1V. Where spectropolarimetry and TLC are applicable, the agree- 
ment between the physicochemical and microbiological assays are 
excellent. The results are noteworthy in that the amount of deg- 
radation observed in the presence of benzoic and succinic acids is 
much greater than when barbituric acid or ascorbic acid is utilized, 
although the pKla fur all the acids is about 4.2. This phenomenon 
may possibly be due to differences in the nature of the acidic moiety 
of the acids in question. Benzoic acid and succinic acid are both 
carboxylic acids, whereas ascorbic acid is a lactone which owes its 
acidic properties to the presence of an enediol grouping; barbituric 
acid derives its acidity from acid amide groups. The data suggest 
that, in the solid state, the effective acidity of benzoic and succinic 
acids is greater than that of ascorbic and barbituric acids, despite the 
fact that all exhibit comparable acidity in solution. An extended 
investigation is presently underway to explain more clearly the above 
observations as well as to ascertain the fundamental factors affecting 
the rate and kinetics of the reaction in the solid state. 


The data in Table V summarize the stability results obtained on a 
commercially available “stabilized” calcium pantothenate and an 
experimental stabilized form tested under a variety of conditions. 
The stability of Sample A (experimental sample) is clearly superior 
to that of Sample B under the stress conditions employed; in addi- 
tion, the amount ofb-alanine present initially in  Sample B is signifi- 


Table V-Stability of Stabilized Calcium Pantothenate Forms 


Percent 0-Alanine 
Condition A B 


0.05 5 . 8  Initial 
24 hr., 43 relative humidity 0.08 6.0 
24 hr., 63 relative humidity 0.11 7.0 
24 hr., 75% relative humidity 0.15 8 . 0  
1 week, 55”, as is 0.08 6.0 
1 week, 55 ’, 3 % water 0.4 7 .0  
1 week, 55” + succinic acid“ 2.0 10.0 
1 month, 45” + ascorbic acidb, 3% water 17 54 


Calcium pantothenate + succinic acid ( 1  :4  w/w). b Calcium panto- 
thenate + ascorbic acid (1 :7.5 wiw). 


cant, suggesting that the vitamin should be analyzed for P-alanine 
by TLC prior to its incorporation into dosage forms. 


Although the stability of pantothenates in solution has been well 
studied (21-23), a detailed stability of the solid state has not been 
reported. Frost (21) stated that the rate of destruction of calcium 
pantothenate in the solid state, just as in solution, is dependent upon 
the effective pH, but he did not define the meaning of this term. 
The present limited study suggests that the rate of degradation is 
dependent on the nature of the acid involved and may be related to 
the concept of general-acid catalysis. Further elucidation of the ob- 
served phenomena will be possible upon completion of the detailed 
investigation in progress. 
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Biochemical AppllcaPtions of Mass Spectrometry. Edited by G. R. 
WALLER. Wiley, 605 Third Ave., New York, NY 10016. 1972. 
xiv + 872 pp. 21 X 28 cm. Price $49.95. 
The editor and authors of this encyclopedic work have succeeded 


admirably in assembling into one volume a large amount of theo- 
retical and practical material. 


The book is divided into five parts. Part I is an introduction and 
historical survey. Part I1 covers the. different types of spectrometers 
and contains an exhaustive section on data acquisition and process- 
ing by most of the world‘s principal mass spectrometric labora- 
tories. 


is devoted to the interpretation of mass 
spectra. These parts, consisting of 28 chapters, provide both the 
novice andexperienced investigator with a wealth of information on 
mass spectrometric applications to the entire range of biochemicals 
and compounds commonly classified as natural products. In addi- 
tion, there are excellent chapters on the “Origin of Mass Spectra.” 
how to interpret metastable ions, and field and chemical ionization 
mass spectrometry. Interdisciplinary areas such as those relating to 
drug metabolism and clinical applications are also covered. 


This welledited volume is about 60% tables and illustrations. 
The mass spectra are uniformly and clearly presented. Each chapter 
is adequately, but not excessively. referenced. A good working index 
is present so that subjects not discussed under a separate chapter, 
e.g., mass fragmentometry and GC-MS systems, can be quickly 
found. If anything, the book suffers somewhat from covering the 
literature only through 1969, since it was that long in preparation. 
Attempts have been made to update, in proof, some of the newer 
areas like chemical ionization mass spectrometry by the citation of 
more recent references. 


In summary, the book should be useful to investigators working in 
any of the areas allied with natural products and as a reference work 
for others using mass spectrometry as an analytical tool. Insofar as 
it is not out of date, it represents a how-to manual on the subject of 
data aquisition. As a final point, one would be remiss in not men- 
tioning the efforts of the editor and various contributors in present- 
ing the history and background of the entire field. 


About 8Ox of the 
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Methods and Tedrniqws la C h i d  Chemistry. By P. L WOLF, 
D. WILLIAMS, T. TSUDAKA, and L. ACOSTA. Wiley, 605 Third 
Ave., New York, NY 10016, 1972. 417 pp. 14.5 X 23 cm. Price 
$11.50. 
This publication compiles all of the currently significant chemical 


tests being utilized by the Stanford Hospital Clinical Laboratory. 
The tests are given in alphabetical order; each test monograph 
includes a discussion of the principle involved, reagents and equip- 
ment, procedure, normal values, references, and clinical interpreta- 
tion. Throughout the book, the authors have emphasized the practi- 
cal aspects of clinical chemistry. 
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Dehydration of Crystalline Theophylline Monohydrate and 
Ampicillin Trihydrate 


ELI SHEFTER’, HO-LEUNG FUNG, and OLIVIA MOK 


Abstract The dehydration kinetics of theophylline monohydrate 
and ampicillin trihydrate were measured by an X-ray powder dif- 
fraction technique in an open system. In the case of theophylline, 
the hydrate transforms directly to a crystalline anhydrous form 
with apparent zero-order kinetics. The loss of water from ampicillin 
trihydrate results in an amorphous state. Commercial micronized 
ampicillin trihydrate, which contains a small amount of excipients, 
exhibits a different kinetic order and a faster rate of transformation. 


Keypbrases Theophylline monohydrate-dehydration kinetics 
measured using X-ray powder diffraction technique 0 Ampicillin 
trihydratdehydration kinetics measured uslng X-ray powder 
diffraction technique Solid-state phase. transformations- 
dehydration of theophylllne monohydrate and ampicillin trihydrate 
studied using X-ray powder diffraction technique 0 X-ray powder 
diffraction technique-used to measure dehydration kinetics for 
theophylline monohydrate and ampicillin trihydrate 0 Phase. 
stability, theophylline monohydrate and ampicillin trihydrate- 
dehydration kinetics studied using X-ray powder diffraction tcch- 
nique 


The solid-state phase transformation of the, active 
ingredient in a dosage form could dramatically alter the 
pharmaceutical properties of the preparation. The solid 
phase of the administered drug can influence such im- 
portant properties as bioavailability (1). Where highly 
energetic (metastable) forms are incorporated into the 
formulation, it is exceedingly important that, in addition 
to chemical stability, the phase integrity of the pharma- 
ceutical be monitored. 


Many organic medicinal agents are known to crystal- 
lize with solvent molecules as an integral part of their 
structure. The most widely found group of solvates are 
the hydrates. The phase stability of these multicompo- 
nent solids is governed by temperature, pressure, and 


the concentration of solvent in the system. However, 
even though thermodynamics might indicate that a 
particular solvate is metastable under normal storage 
conditions, the conversion rate to a desolvated phase 
could be relatively slow in pharmaceutical terms. The 
rates at which these desolvation processes take place are 
exceedingly important to the formulation. 


The desolvation process of two crystalline hydrates 
(theophylline monohydrate and ampicillin trihydrate) 
was studied using an X-ray powder diffraction method. 
This investigation is part of a continuing study to 
delineate the various physical parameters controlling the 
kinetics of solid-state phase transformations. The prin- 
cipal point of this study is to demonstrate the scope of 
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Figure 2-Portions of the X-my powder patterns for theophylline 
monohydmte and an anhydrow form. 


the X-ray powder technique for routine control of 
phase stability. 


ExPJmMEmAL 


Materials-Theophylline USP was recrystallized from water. 
After filtering, the crystals were ground to a Ane powder in a mortar 
and stored in a tightly stoppered container. 


Ampicillin trihydrate and the two anhydrous polymorphs were 
used'. The trihydrate sample consisted of very small  needles and had 
a measured potency of 842 mcg./mg. (biological assay based on 
anhydrous ampicillin). A commercial sample of ampicillin trihy- 
drate' (capsule form) was also used. Microscopic examination 
revealed that the ampicillin material was in a micronized state in the 
capsules. Weight analysis of the capsules indicated that a small 
amount of excipient was present (approximately 7 
No attempt was made to measure the particle-size distribution in 


each batch of material, but the same batch was used for each set of 
kinetic studies. 


by weight). 


Batch Nos. 71F1064 (trihydrate). 67F3041 (form I). and 6832399 
(form 11). supplied by Bristol Laboratories, Syracuse, N. Y. 


* Pmbntm, Batch No. A60410L. 500-mg. capsules. supplied by 
Ayerst Laboratories, Rouses Point, N. Y. 


L 1 A 1 L J 


I anhydrous form 1 
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I tri hydrate 
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anhydrous form 2 
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Figure 3-Diffractogmms for various forms of ampicillin. 


X-ray diffraction patterns run on all starting materials were used 
as controls. In the case of the hydrates, no evidence of any anhydrous 
form was observed. 


Apparatus-All X-ray powder patterns were collected on a dif- 
fractometer'. Nickel-filtered CuKa radiation was used. 


3 Toshiba ADG-301 DiRpet. The detector used was a Geiger-Mueller 
type. 
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Figure 4-Fraction (in percent) of monohydrate (0) and anhydrous 
(a) forms in powder as a function of time. 


A sample holder, made of Bakelite, was designed to maintain the 
powder bed at a relatively constant temperature (Fig. 1). The tem- 
perature on the underside of the powder was maintained to h0.5" 
of the set temperature. By placement of a thermocouple on the 
powder surface, the temperatures on the two sides were monitored. 
Since the atmospheric temperature in the diffraction chamber was 
not controlled in these experiments (room conditions 25 f 3 '), the 
surface material exhibited a lower temperature than those particles 
in contact with the heater. The temperature differential remained 
fairly constant throughout each experiment. The difference was 
greater at higher temperatures: approximately 10" when the heater 
was maintained at 95" and less than 2" when set at 38". 


X-Ray Powder Patterns-The X-ray powder diffraction patterns 
for theophylline monohydrate and the crystalline anhydrous form 
into which it directly converts are shown in Fig. 2. Ampicillin tri- 
hydrate was found to transform to an amorphous anhydrous state. 
(Diffraction patterns for these forms are shown in Fig. 3.) During the 
experiment with ampicillin, it was of interest to see if the two crystal- 
line anhydrous form entered into a phase transformation in the 
temperature range studied ; their X-ray diffractograms are also 
illustrated in Fig. 3. 


Kinetic Study-The sample to  be studied was firmly packed into 
the holder with a spatula. After placing the holder in the diffraction 
chamber, a zero-time diffractogram of the material was recorded 
and then the heater and timer were initiated. The diffraction pat- 
tern for theophylline (between 10.5 and 14.5" in 28) was recorded at 
various time intervals. For the theophylline studies, the disappear- 
ance of a hydrate diffraction maximum at 11.3" (28) and the appear- 
ance of an anhydrate crystal peak at 12.6" (28) were simultaneously 
followed as a function of time. In the case of ampicillin, only the 
disappearance of a trihydrate peak could be followed (maximum at 
12.2" in 28 was selected) because the material transformed to an 
amorphous powder. The fractional amount of each species relative 
to the zero time ( 1 0 0 ~  hydrate) was derived from the ratio of peak 
intensities over background in a manner similar to that described by 
Alexander and Klug (2). The linear absorption coefficients and 


Figure 5-Arrheniusplot of 
zero-order dehydration of 
theophyllitie monohydmte. 
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Figwe 6-Fraction of crystalline ampicillin trihydmte remaining in 
heated sample as a f i c t i o n  of time. 


density of the dehydrated material were assumed to be approxi- 
mately equal to the hydrated samples. 


The time necessary for the sample holder to reach a prescribed 
temperature was approximately 5 min. at 95" and much less at lower 
temperatures. Thus, the initial points on the dehydration plots 
could not be relied on. In general, the kinetic plots indicated a lag 
time that reasonably reflected the lag time required to achieve 
temperature equilibrium. The temperature ranges (lower surface) 
used in these studies were 66-95" for ampicillin end 38-54" for 
theophylline. 


RESULTS AND DISCUSSION 


A typical experimental dehydration plot for theophylline is shown 
in Fig. 4. The observed rates of appearance of the anhydrous form 
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Figure 7-Fraction of ampicillin trihydmte present in the capsule 
formulation ( 1  - a)  at various times at 74.5" (plotted in two ways). 


Vd. 62, No. 5 ,  May 1973 0 793 







o 68’ 
0 7 5  
0 83 


4 1 


0 5 10 15 20 25 30 35 40 
MINUTES 


Figure &Kinetic data for ampicillin trihydrate capsule formulation 
plotted by diminishing sphere model. 


and the disappearance of the hydrate were essentially the same. The 
1 :1 relationship need not occur because physical intermediates can 
form in some systems (3). The initial transformation rate appeared 
to be zero order for at least 1 half-life a t  all of the temperatures 
studied. Many solid-state dehydrations typically show a decrease in 
rate gs the anhydrous material accumulates on the surface (4). 
Since the theophylline hydrate used in these studies was composed of 
fine needles, the retardation of the dehydration process did not 
appear to take place as rapidly as it probably would for spheres and 
flat platelets. The activation energy for the dehydration process can 
be estimated from an Arrhenius plot (Fig. 5). A value of approxi- 
mately 140 kJ./mole was obtained. 


In a few experiments carried out with nitrogen (dried over sul- 
furic acid) constantly flushed through the reaction chamber vessel, 
the zero-order rate constant increased slightly. This observation is 
expected inasmuch as any decrease in water vapor pressure should 
promote the reaction: theophylline hydrate F? theophylline (anhy- 
drous) + water (vapor). 


The needle-shaped crystals of ampicillin trihydrate generally 
exhibited zero-order decomposition (Fig. 6). In the case of the cap 
sule formulation, this was not found (Fig. 7). A good fit of the 
experimental data was obtained using the “diminishing sphere” 
model (4) for this material. The equation for this model is: 


(1 - a)’/# = -kd , . t  -/- A (Eq. 1) 


where a is the fraction transformed, k d ,  is the transformation rate 
constant, t is the time, and A is a constant associated with the lag 
time involved in the attainment of thermal equilibrium. The data 
plotted in this manner are shown in Fig. 8. 


Microscopic examination of the ampicillin trihydrate samples 
showed that the commercial preparation contained micronized 
particles which were fairly equiaxial (spherical). 


Both ampicillin trihydrate samples are converted to an amorphous 
anhydrous light-yellow powder. A bioassay run on an ampicillin 
trihydrate sample (capsule formulation held at 65” until it turned 
amorphous) suggested that a significant amount of decomposition 
(approximately half) had taken place‘. It was of interest to see if, in 
the temperature range of this study, any physical or chemical degra- 
dation takes place in the two anhydrous forms. No significant 
changes in the diffractograms (distribution of peaks and their inten- 
sities) were found on maintaining these two forms at 90” for 24 hr. 
A detailed analysis of the decomposition mechanism which takes 
place in the trihydrate is contemplated. 


At room temperature the trihydrate is the most stable form in 
water (5). It was, therefore, of interest to look at the relative stabili- 
ties of the two anhydrous forms in the presence of water. Slurries of 
the two forms were prepared and their X-ray diffraction patterns 


Assay carried out by A. P. Granatek of Bristol Labs., Syracuse, 
N. Y. 
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Figure 9-Arrhenius plots for ampicillin trihydmte dehydration. 
Key: 0. zero-order ICO for small needle crystals; and 0, kd, (diminish- 
ing sphere model) of capsule formulation. 


were measured. Form I1 was found to convert to the trihydrate very 
rapidly (converted while making slurry). Form I, on the other hand, 
showed no significant change in its diffraction pattern for 2 days 
(time of study), which is in agreement with the Poole and Bahal 
(5) findings. 
The activation energies for the two trihydrate samples are essen- 


tially the same (estimated to be approximately 95 kJ./mole from the 
Arrhenius plots shown in Fig. 9). The gradients in these plots are 
parallel within the limits of experimental error. On a zero-order 
basis, the commercial preparation exhibits a significantly faster 
transformation rate; the zero-order rate constant at any temperature 
studied for the capsule material is nearly twice the value found for 
the other sample. The observed differences could result from the 
marked differences in particle size and/or the presence of the small 
amount of excipients in the capsule preparation. 
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Structure and Activity in Molluscicides IV: 
New Substituted Tetralins with Potential Molluscicidal Effect 


I. NABIH' and J. METRI 


Abstract 0 Upon a rational biochemical and biological basis, a 
series of new compounds related to the tetralin system was synthe- 
sized. Biological testing showed their molluscicidal activity a t  very 
high dilutions. 


Keypllrpses 0 Tetralins, substituted-synthesized and tested as po- 
tential molluscicides, structureactivity relationships Mollusci- 
cides, potential-synthesis and biological testing of new substi- 
tuted tetralins, structure-activity relationships 0 Structureactivity 
relationships-substituted tetralins and molluscicidal &ect 


In a previous article (I), the structure-activity rela- 
tionship in molluscicides of the phenolic type was dis- 
cussed. In this group of compounds, certain specific 
structural features regarding the nature of substituents 
on the aromatic ring govern the biological activity of 
the candidate compound. The presence of an enzyme 
system of the peroxidase type within the snail body was 
identified through specific systemic reactions and assay 
measurements for activity in some species of economic 
importance (2). The biological transformation of the 
active phenols to the corresponding quinones through 
this enzymatic system could explain the molluscicidal 
effectiveness of the former. The latter are highly toxic 
(3). 


DISCUSSION 


The main source of energy in snails, required for the metabolism 
of living cells, is liberated due to oxidation of many compounds. 
The most important energy-yielding reactions are those of the oxida- 
tion-reduction type. Snails, schistommiasis intermediate hosts, 
appear to respire aerobically. In typical aerobic respiration, the 
hydrogen and electrons of substrate are transferred to  molecular 
oxygen through enzymatic protein catalysts (4, 5). Quinones un- 
couple phosphorylation by diverting electrons from the enzyme to 
molecular oxygen; e.g., 2,4-dichloronaphthoquinone reacts by 
binding the enzyme to the quinone molecule through substitution or 
addition at the double bond, an oxidative effect on sulfhydryl en- 
zymes, or changing the redox potential in some systems. 


Pentachiorophenol, a widely used molluscicidal agent, could 
undergo biological transformation through enzymatic peroxidase 
catalysis to  furnish 2,2',3,3f,5,5',6,6'-octachlorobiphenylquinone, 
a polysubstituted quinone of potential molluscicidal activity (6). 


Generally, the molluscicides of the phenolic and salicylanilide 
types that are now in common use are sti l l  unsatisfactory. The 
phenolics are toxic during applications, not easily handled, and 
unstable during storage. The salicylanilides exhibit a water- 
insolubility problem (a major one in molluscicides), and they are 
immiscible with water during application. Thus, the rate of distribu- 
tion is not satisfactory. 


Because of these considerations, new synthetic work is necessary 
to obtain efiient molluscicides of higher activity and fewer dis- 
advantages. In this work the synthesis of new compounds that may 
undergo biological transformations to  quinoidal systems is em- 
phasized. Substituted compounds related to tetralin were chosen 
to be common structural moieties in these agents. These types of 
compounds could be oxidized to give products related to naphtho- 
quinones, which are known to possess potent molluscicidal activity 
(3). In addition, it was of concern to  include the salicylanilide type 


of structure, since these compounds exen their molluscicidal a c  
tivity through a dHerent mechanism. They act through chelation 
with the important metals (e.g.. iron and magnesium) present and 
necessary for the biological functions within the snail body]. 


Compounds of Structures I-V were desired. 
Through the condensation of 5-hydroxy-8-aminotetralin (VI) 


with Schlorosalicylic acid (VII) in the presence of phosphorus 
pentachloride, 5-hydroxy-8-N-(5'-chlorosalicylanilido)tetralin (I) 
was obtained. 


Diazotization of 5-amino-7-nitrotetralin (VIII), followed by 
subsequent halogenatlon at the $position, reductive acetylation 
at the 7-position, and nitration at both the 6- and 8-positions, gave 
Schloro-7-amino-6,8-dinitrotetralin (IX). Condensation of VII 
with IX gave Schloro-6,8-dinitro-7-N-(5'chlorosalicylanilido)- 
tetralin (11). 


Chlorination of 8-acetaminotetralin in chloroform gave the 5- 
chloro derivative (7). Upon nitration (sulfuric acid-nitric acid at 
-loo), this gave 5-chloro-6,7-dinitro-8-acetaminotetralin (X) .  
Hydrolysis and condensation with VIl gave Schloro-6,7-diNtro- 
8-N-(5 'ch1orosalicylanilido)tetralin (111). 


Chlorination of 5-acetamino-8-nitrotetralin (8). followed by hy- 
drolysis, gave S-amino-6-chloro-8-nitrotetralin (Xu. Upon con- 
densation with VII, this gave 5-N-(S f-chlorosalicylanilido)dchloro- 
8-nitrotetralin (1V). 


Amination of a-nitronaphthalene with hydroxylamine hydro- 
chloride and methanolic potassium hydroxide at  50" gave 4-nitro-l- 


OH 


I a NO, 


n 
OH 


I 
c1 


I c1 NO* 


m Iv 
OH 
L 


NO, 
v 


1 This laboratory. to be published. 
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naphthylamine. Upon acetylation, chlorination, and hydrolysis, 
this gave l-amino-2-chloro-4-nitronaphthalene (9). Upon condensa- 
tion of this amine with VII, the product l-N-(S'-chlorosalicyl- 
anilido)-2-chloro-5-nitronaphthalene (V) was obtained. 


BIOLQGICAL. TlLsmlc 


In all tests, the fresh water snails, Biomphalaria alexandrina, 
vector of Schistosomo mansoni, were the test animals. Young adult 
snails (8-11-mm. diameter) were used. Water, freshly boiled to 
avoid a n y  interference by contaminated chlorine present in tap 
water (pH 6-65), was used as the test medium. Each aquarium was 
fitted with a glass cover to  prevent the accidental dropping of 
foreign material into test medium. Compounds I-V were tested; 
they were diluted in volumetric flasks with water t o  the desired 
parts per million (p.p.m.). In each test, five snails were used in 200 
ml. of the t q t  chemical at each concentration (10,5,3, and 1 p.p.m.) 
and five snails were used as the control in the same volume of water. 
nK exposure period was 24 hr. At the end of each contact period, 
the snails were removed from the chemically treated water, washed 
thoroughly, and transferred to fresh water. Food (lettuce) was made 
available to the snails. On the following day, the mortality rate 
was determined. Snails that were not fully recovered at  the time of 
the examination were held for future daily observations until death 
or recovery occurred. Determination of recovery was based on the 
ability of the snails to  move about or cling to the bottom and sides 
of the glass container. 


The concentration effects of different compounds upon B. alex- 
undrina (within the 24-hr. exposure period at 25") are recorded 
in Table I. 


EXPERIMENTAL.' 


S - H y & o X y ~ ~ - ( S ' ~ ~ c y I d U ~ ~  (I)-A mixture of 
Schlorodcyhc acid (VJI) ( I  ,06 g.) and 5-hydroxy-8-aminotetralin 
(VI) ( I  g.) (10) in 10 ml. of dry chlorobenzene was refluxed for 10 
min. at 160"; then 0.2 g. of phdsphorus pentachloride was added 
to the reaction mixture. Reflux continued for 3 hr., and then the 
chlorobemne was steam distilled. The product formed upon 
cooling was filtered, washed with hot diluted hydrochloric acid 
(to remove traces of unreacted amine), and then washed with water 
to give 1.5 g. (79% yield) of I. This compound was purified by 
dissolving in dilute sodium hydroxide solution and filtering; it was 
then neutralized with dilute hydrochloric acid, and a dark-brown 
product formed. Upon recrystallization from ethanol, it melted 
at 230-232"; IR: 1390(-0H), 1650(-CONH-),and 72O(Ar4) 
cm.-l. 


AnaL-Wc. for CI~HI~CINO~: CI, 11.16; N, 4.40. Found: a, 
11.28; N,4.32. 
S-Chloro-79mino-a,8-dinitrotetrPlln (IX)-To 8 ml. concentrated 


sulfuric acid was added 8 g. of 5-chloro-7-acetaminotetralin (11). 
The mixture was cooled to 0" and nitrated, dropwise, with a 
nitrating mixture of nitric acid (4 ml.) and concentrated sulfuric 
acid (12 ml.). The mixture was allowed to stand overnight at room 
temperature; it was then poured over ice water and the crude 
dinitro product precipitated. This product was filtered and 
washed thoroughly with cold water. After drying, it gave 5.2 g. 
(72% yield) of 1X. Upon recrystallizationfromalcohol, it gave white 
flakes. mn.  300": IR: 1540 (-Nod. 1680(-NHCOCHs).and 725 ~. . ~. - 
( k - k l )  &.-I. . 


N. 13.39. Found: C, 45.94; H.4.05; Cl, 11.41; N, 13.41. 
A n d - G d c .  for C1tHizCIN,Os: C, 45.94; H, 3.83; CI, 11.32; 


.The acetamino product was then submitted- to acid hydrolysis 
(hydrochloric acid-thanol) to give the free amine IX. Due to dif- 
ficulties encountered in the preparation of an analytical sample, the 
crude amine, m.p. 162-165", was used for the condensation reac- 
tion in the following step. 


mixture of VII (1.27 g.) and the amine IX (2 g.) was dissolved in 
S-Chloro-6,8-dlaitr~7-7-N-(5'-drloroesllcylanilido)tetmlln ( I I F A  


* Melting points were taken in open capillary tubes with a Gallenkamp 
melting-point apparatus and are uncorrected. The IR spectra were re- 
corded with a Carl-Zeiss Infracord spectrophotometer, model UR LO. 
Microanalyses were performed bLthe Spang Microanalytical Labora- 
tory, Ann Arbor, Mich., and the icroanalytical Laboratory, National 
Research Center, Cairo, Egypt. 


TpMe I--Effects of Compounds I-V upon Snails of 
B. alexandrinn Type 


corn , -Concentration, p.p.m. - 
pound 10 5 3 2 1 


~ ++ ++ ++ ++ ++ 
I ++" ++ 


II ++ ++ 
111 ++ ++ ++ ++ 
1v ++ ++ ++ ++ ++ 
V ++ ++ ++ ++ + 


++ ++ 


~ ~ ~~ 


a + + = average mortality of 100% and + = average mortality of 
80%. 


20 ml. of chlorobenzene and heated to 160". Then 0.4 g. of phos- 
phorus pentachloride was added during reflux, which continued 
for 2 hr. The solvent was removed through steam distillation. The 
product was filtered, washed with sodium carbonate solution and 
then with water, and dried to  give 2.2 g. of I1 (yield 70%). After 
recrystallization from alcohol, it melted at 194-196". 


9.88.Found:C,48.46;H,3.13;C1,16.67;N,9.50. 
~ 0 r 0 - 6 , 7 - d i ~ t r o - 8 - a ~ ~  (-A mixture of 


Schloro-8-acetaminotetralin (8) (2.36 g.) and 4 ml. of concentrated 
sulfuric acid was cooled to -10" and then nitrated by the 
addition of a cold mixture of nitric acid (2 ml.) and concentrated 
sulfuric acid (6 ml.). The mixture was allowed to stand overnight a t  
room temperature and was then poured over ice. The formed yellow 
precipitate was filtered and washed with water. After drying, it gave 
2.68 g. (82% yield) of X. Upon recrystallization from ethanol, it 
gave yellow needles, m.p. 250-251"; IR: 1550 (-NG), 1685 
(-NHCOCH:), and 725 (Ar-Cl) cm-1. 


Anal.--Calc. for CisHi~CIN:Os: C, 45.93; H, 3.83; CI, 11.32; 
N, 13.39.Found:C.45.97;H,3.92;CI. 11.18;N,13.19. 


5 - C h l o r 0 - 6 , 7 - d l n l t W n - A  mixture of X (1.5 g)., 
ethanol (30 ml.), and concentrated hydrochloric acid (8 rnl.) was 
refluxed for 5 hr., cooled, and poured over ice water. The precipitate 
was collected, washed with water, and dried to  give 1.06 g. of the 
free amine. After recrystallization from dilute ethanol, it melted 
at 140-142". 


AnaL-Calc. for C~&IloClN,O4: C, 44.28; H, 3.69; CI, 13.10; N, 
15.44.Found:C,44.38;H,3.73;CI, 13.20;N.15.23. 


The condensation between the above-mentioned free amine (1 g.) 
aad the acid VII (0.64 g.) was carried out as described for 11. The 
yield (75%) was 1.2 g. After recrystallization from benzene-n- 
hexane, it melted at  187-190". 


AnaL-Calc. for C17Hl:ChNaOs: C, 48.00; H, 3.06; N, 9.88. 
Found:C,48.26;H,3.13;N.9.86. 


! ! - e l m -  (XI)-In glacial acetic acid (35 
ml.) was chlorinated 9 g. of 5-mtamino-8-Ntrotetralin (8) at 100" 
with a dry stream of chlorine gas for about I5 min. After cooling, 
the formed yellow precipitate was collected, washed with water, 
and dried. It weighed 6 g. (90% yield). Recrystallization from 
ethanol gave white needles, m.p. 181-183". 


Anal.-Calc. for C1aHI#3NaOa: C, 53.53; H, 4.84; CI, 13.22; 
N, 10.43. Found: C, 52.97; H, 4.83; CI,13.27; N, 10.44. 
The free amine XI was obtained through acid hydrolysis of this 


product. It was recrystallized as yellow crystals (from ethanol), m.p. 
110-112". 


Anal.-Calc. for CloHIICINIOa: C, 52.98; H, 4.86; CI, 15.67; N, 
12.36.Found:C,53.11;H,4.92;C1,16.05;N,12.22. 


same method of condensation between the free amine (XI) (1 g.) 
and the acid VII (0.76 g.) was followed as described for 11. The 
product IV, 1.2 g. (70% yield), was recrystallized from benzene- 
petroleum ether, m.p. 156-158". 


Anal.--Calc. for CnH14drN~04: CI, 18.42; N, 7.37. Found: CI, 
18.43; N, 7.43. 
l - N - ( S ' - C h l o r o s a l l c y l n n l U Q o r ~ ~ ~ ~ ~  (V)- 


The condensation described for 11 was followed for the acid VII 
(0.78 g.) and l-amino-2-chloro-4-nitronaphthakne (1 g.) (9). The 
product V, 1.3 g. (75% yield), was recrystallized from benzene- 
petroleumether. m.p. 210-212". 


Anal.-Calc. for CilHl~rN~04: C, 54.26; H, 2.66; CI, 18.62; 
N.7.45. Found: C, 53.98; H, 2.68; C1,18.51; N, 7.41. 


Rn~l.--CalC. for CirHiaChNaOs: C, 48.00; H, 3.06; CI, 16.47; N, 


s - C b 1 0 r & , 7 - ~ ~ N - ( S  '-chl~osaUcyldlid~)tetdh (m)- 


5-N-S'-(ChloroealicylaalUd0)4~hl~0&1d~tetdh (IV)-The 
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Anticonvulsant Properties of Mannich Base 
Derivatives of 2-Phenylsuccinimide III 


EDWARD 0. MAGARIA", GERALD W. BECKER, and LOUIS DIAMOND 


Abstract 0 Several Mannich base derivatives of 2-phenylsuccini- 
mide were synthesized and screened for anticonvulsant activity. All 
products were evaluated by maximal electroshock seizure and 
pentylenetetrazol seizure threshold tests. 


Keyphrases 0 2-Phenylsuccinimide, Mannich base derivatives- 
synthesis, screened for anticonvulsant properties 0 Anticonvul- 
sants, potentialsynthesis and screening of Mannich base deriva- 
tives of 2-phenylsuccinimide 


The preceding papers (1, 2) of this series reported the 
preparation and anticonvulsant properties of several 
derivatives of phensuximide', N-methyl-2-phenylsuc- 
cinimide (I). One series of compounds (11), consisting of 
C-Mannich base derivatives of I, proved interesting 
since several members were more effective than the 


0 2: I 


R 
I: R=CHs,  R ' = H  
II: R = CH3, R' = tert -aminomethyl 
III R = tert aminomethyl ,  R' = H 


R' 0 


IV: R=CH,, R ' = H  
V: R=CH,,  R'=CHS 


1 Milontin, Parke, Davis and Co., Detroit, MI 48232 


parent molecule in eliminating the tonic extensor com- 
ponent of electroshock seizures. 


Some researchers (3, 4) reported the preparation of 
mono- and bis-Mannich bases of succinimides (111-V) . 
These compounds were shown to possess significant 
anticonvulsant properties. 


In view of the foregoing, it was of interest to prepare 
for evaluation the N,Z-bis-Mannich bases of 2-phenyl- 
succinimide (Compounds 1-6 in Table I). The corre- 
sponding mono bases (Compounds 7-12 in Table I) were 
also prepared for comparison purposes. All products 
were subjected to preliminary pharmacological screen- 
ing, and the results are presented in Tables I1 and 111. 


EXPERIMENTAL' 


2-WenylmcdnMde-The title compound was prepared from 
2-phenylsuccinic acid and concentrated ammonium hydroxide 
according to Miller and Long's (5) procedure. It was obtained as a 
white solid in a yield of 78x, m.p. 79-81 O [lit. (6) m.p. 90'1. 
Preparation of BIs-Mannich Bases (Table I)-To 0.05 mole of the 


appropriate amine, 5.0 ml. of 4Ox formalin (2.0 g., 0.067 mole 
formaldehyde) was added slowly with cooling. This mixture was 
added immediately to 4.4 g. (0.025 mole) of 2-phenylsuccinimide in 
50 ml. of 95% ethanol, after which it was heated at  reflux for various 
periods of time (Table I). The solvent was removed in oacuo, leaving 
either a solid or an oil, which usually solidified upon standing. 
Occasionally, extraction of the oil with petroleum ether and evapora- 
tion of the solvent in oacuo yielded solid material. If this procedure 
failed, an ethereal solution of the oil was washed with 10% NaOH 
and then with water until the washings were neutral to  litmus. The 
solution was dried (magnesium sulfate), and the ether was removed 
in oacuo to give a solid product. 


* All melting points were determined on a Thomas-Hoover melti 
point a paratus and are corrected. IR spectra were obtained on a Bet?: 
man Ig-8 spectrophotometer using KBr ellets. The two carbnyl 
stretching bands, which are characteristic o?imides, were present in all 
products. NMR spectra were obtained on a Varian Associates A-60A 
spectrometer and are consistent with the assigned structures. Elemental 
analyses were performed by Micro-Analysis, Inc.. Wilmington. -1. 
Intermediates used in this work are available commercially unless 
specified otherwise. 


Vd. 62, No. 2, February 1973 0 325 








Separation and Quantitation of Mixtures of the 
Most Commonly Abused Drugs 


NlCOLAS H. CHOULIS 


Abstract 0 TLC has been used for the separation and semiquantita- 
tive estimation of various mixtures of narcotics, barbiturates, 
amphetamines, and tranquilizers appearing in the illicit market. 
Of the solvent systems employed, chloroform-dioxane-ethyl ace- 
tate-concentrated ammonium hydroxide (25 : 60 : 10 : 5 v/v) gave 
complete separation for all 17 compounds examined. Potassium 
permanganate (0.1 %) and iodine fumes were used as detection re- 
agents. Twelve dimerent mixtures of two, three, and four com- 
pounds, randomly selected, were separated and the spots were 
quantitated using a UV absorption-concentration relationship. The 
spots were eluted from the plates, and their absorption was meas- 
ured and compared to standard curves. Recoveries were found to 
be between 93 and 95% for quantities as small as 0.1 mg./ml., 
while quantities as small as 1 mcg. could be detected. 


Keyphrases 0 Narcotic mixtures with barbiturates, amphetamines, 
tranquilizers-separation, analysis 0 Barbiturate mixtures with 
narcotics, amphetamines, tranquilizers-separation, analysis 
Amphetamine mixtures with narcotics, barbiturates, tranquilizers- 
separation, analysis 0 Tranquilizer mixtures with narcotics, bar- 
biturates, amphetamines-separation, analysis 0 Abuse drugs 
(narcotic, barbiturate, amphetamine, tranquilizer mixtures)-sepa- 
ration, analysis 0 TLC-separation, mixtures of narcotics. barbi- 
turates, amphetamines, tranquilizers 0 U V  spectrophotometry- 
analysis, narcotics, barbiturates, amphetamines, tranquilizers 


Capsules, tablets, powders, solutions, and other 
forms in various sizes have appeared on the illicit 
market, identified under various names and consisting 
of mixtures of drugs. Some examples are: LSD-am- 
phetamine (in various forms), heroin hydrochloride 
containing methapyrilene, marijuana cigarettes dipped 
in opium (better known as 0. J., "opium joints"), 
phencyclidine hydrochloride, LSD (in capsules), am- 
phetamine with cannabis (most commonly used), 
amphetamine with barbiturates (known as drimaryl, 
particularly in England), strychnine with 8 LSD and 
methamphetamine (tablets, known as "blue cheer," 
particularly in Australia), LSD on marijuana, heroin 
with methamphetamine and cocaine, and barbital 
with heroin. Numerous methods have been used to 
investigate all of these compounds (1-32), but combina- 
tions of these drugs have not always been thoroughly 
examined. 


The aim of the present investigation was to provide a 
simple, in uitro, routine TLC method for the separation 
and quantitative determination of various mixtures of 
the most commonly abused drugs. 


EXPERIMENTAL 


Materials-The following were used: sodium amobarbitall, m.p. 
288" [lit. (33) m.p. 287-289'1; dextroamphetamine, puriss.1, b.p. 
204" [lit. ( 3 3 )  b.p. 203-204"l; cocaine hydrochloride3, m.p. 195" 


Table I-Amsx of All Drugs Used for UV Studies 


Drug A,,, 


Dextroamphetamine 258 
Cannabidiol 280 
Cocaine hydrochloride 23 1 
Codeine 21 1 
Ephedrine hydrochloride 250 
LSD 237 
Marijuana 280 
Methamphetamine 257 
Morphine 250 
Opium 250 
Phenobarbital 253 
Sodium amobarbital 238 
Sodium pentobarbital 239 
Sodium secobarbital 240 


[lit. (33) m.p. 195'1; codeine', m.p. 154" [lit. (33) m.p. 154-156'1; 
ephedrine hydrochloride4, m.p. 219" [lit. (33) m.p. 216-220'1; 
methadone hydrochloride4, m.p. 235" [lit. (33) m.p. 235"l; meth- 
amphetaminel, m.p. 173.5' [lit. (33) m.p. 170-175°]; morphine', 
m.p. 255" dec. [lit. (33) map. 254-256'1; sodium pentobarbitall, m.p. 
313'; phenobarbital', m.p. 175.5" [lit. (33) m.p. 174-178"l; and 
sodium secobarbital', m.p. 293' [lit. (34) m.p. 293'1. Cannabidiol, 
hashish, LSD, marijuana, and opium were supplied by the National 
Institute of Mental Health and were used without further testing. 


Developing Systems-The following solvent systems were used : 
(1) chloroform-acetone (9 : 1 v/v). (2) ethanol-methanol-concen- 
trated ammonium hydroxide (85 : 10 : 5 v/v), (3) methanol-con- 
centrated ammonium hydroxide (100:2 v/v); and (4) chloroform- 
dioxane-ethyl acetate-concentrated ammonium hydroxide (25 5 0 :  
10 : 5 vlv). 


Detection of TLC Spots-The following detection reagents were 
used: (1) UV light (long wavelength), (2) iodine fumes, (3) Dragen- 
dorff, and (4) potassium permanganate, 0.1 % solution. The Dragen- 
dorff reagent is prepared as follows. Dissolve 2.125 g. bismuth 
subnitrate in 100 ml. of distilled water (Solution A) and 50 g. of 
potassium iodide in 125 ml. of distilled water (Solution €3). Com- 
bine 10 ml. of Solution A, 10 ml. of Solution B, 20 ml. of glacial 
acetic acid, and 100 ml. of distilled water. The minimum concentra- 
tion of drug detectable by Reagents 2, 3, and 4 was 1 mcg., while 
2-3 mcg. of compound was the sensitivity limit for UV light detec- 
tions. 


Preparation of Plates-The plates (20 X 20 cm.) were coated with 
silica gel G6, 250 nm. thick, according to Stahl (35). Silica gel 
precoated plates7 (250 nm. thick) were also used. 


General Procedure-Solutions of the compounds were prepared 
by dissolving 3 mg. of the pure compounds in 1 ml. of the appro- 
priate solvent, namely: (a)  water for sodium amobarbital, cocaine 
hydrochloride, ephedrine hydrochloride, methadone hydrochloride, 
sodium pentobarbital, and sodium secobarbital; (b )  ethanol for 
dextroamphetamine, codeine, methamphetamine, phenobarbital, 
and LSD; and (c)  chloroform for opium, marijuana, hashish, 
cannabidiol, and morphine. 


Using accurately calibrated micropipets, samples of the solutions 
were applied to the plates 1.5 cm. from the bottom edges, and as- 
cending chromatograms were run at room temperature (about 23"). 
All chromatograms were carried out in chromatographic chambers 


' Ruger Chemical C o .  
Aidrich. 
Merck & Co. 


4 Mallinckrodt. 


6 Scientific Manufacturing Industries. 
7 Analtech, Inc. 


City Chemical Corp. 
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Table 11-Rf Values (in Increasing Order) of the Various Com- 
pounds Using Solvent System 4 


Compounds 


Detection 
-Systems"- 


R I Values 1 2 3 4  


Marijuana 
Hashish 
Opium 
Morphine 
Ephedrine hydrochloride 
Methamphetamine 
Codeine 
Dextroamphetamine 
LSD 
Methadone hydrochloride 
Amobarbital 
Cocaine 
Phenobarbital 
Sodium pentobarbital 
Sodium secobarbital 
Cannabidiol 


0 .  17b, 0.9Y + + + +  
0.17b,0.41d,0.95c + + + + 
0.254,0.44f,0.750 - + + + 
0.25e - + + +  
0.32 - + + +  
0.40 - + + +  
0.44 - + + +  
0.50 - + - +  
0.70 + + + +  
0.73 - + + +  
0.76 + + - +  
0.78 - + + +  
0.80 - + - +  
0.83 - + - +  
0.87 - + - +  
0.95 + + + +  


" 1 = UV light, 2 = iodine fumes. 3 = Dragendorff, and 4 = potas- 
sium permanganate, 0.1 %. A-9-Tetrahydrocannabinol. Cannabidiol. 
J Cannabinol. a Morphine. f Codeine. 0 Papaverine. 


saturated in solvent vapors. The solvent front was allowed to travel 
10 cm.; the plates were removed, air dried, and sprayed with the 
appropriate reagent. 


Mixtures of two, three, and four compounds, selected at random, 
were prepared for qualitative analysis. The same mixtures, formed 
by using accurately measured amounts, were prepared for separa- 
tion and quantitative determination of the components. 


For commercially available or counterfeit types of dosage forms, 
an extraction procedure was followed. The tablet (pulverized) or 
the capsule form was dissolved ih water (10 ml.) and extracted with 
chloroform (3 x 10 ml,). The layers were then separated, and the 
chloroform layer was rendered alkaline with 0.5 N NaOH. The two 
formed layers were again separated, and the aqueous layer was 
treated with dilute hydrochloric acid and extracted with chloro- 
form (3  X 10 ml.). The chloroform extract was washed twice with 
water (2 X 10 ml.), dried oyer anhydrous magnesium sulfate, 
filtered, concentrated, and chromatographed for the detection of 
acidic drugs. 


For basic drugs the initial aqueous layer was treated with sodium 
hydroxide (0.5 N )  and extracted with chloroform (3  X 10 ml.); 
the chloroform phase was extractcd with dilute hydrochloric acid, 
and the aqueous acidic phase was rendered alkaline with sodium 
hydroxide (0.5 N ) ,  and extracted with chloroform (3  X 10 ml.). 
The chloroform extracts were combined, washed with water (2 X 
10 ml.), dried, concentrated, and chromatographed. 


lypthod-The relationship between UV absorption and concen- 
tration of the various compounds was established by preparing 
solutions of the compounds at various concentrations (0.5-2.5 tpg./ 
ml. at 0.5-mg. intervals) and measuring their absorption at X,, 
(Table I) (33, 36), using a spectrophotometefl with 1-cm. cells. 
Standard curves of absorbance ~'ersus concentration of the various 
compounds were then constructed. 


Accurately measured solutions of the various cpmpounds were 
applied on thin layers; duplicates were run parallel. The chroma- 
tograms were developed and the parallel running sppts were de- 
tettsd, using one of the spray reagents, and marked. The areas 
corresponding to the marked spots were carefully scraped off, and 
the layers were quantitatively transferred to 10-ml. conical 
flasks. The compounds were eluted from the coating material by 
pdding about 7 ml. of the appropriate solvent; the flasks were 
shaken well for about 10 min., centrifuged, and filtered into 10-ml. 
vplumetric flasks. Solvent was added to the.volume. A similar elu- 
tion brocess was followed for a blank sample of the coating material 
alone. Spectrophotometric measurements were carried out, at 
A,,,, using the spectrophotometer and the same cells. The absorb- 
ance values obtained (after reducing the absorbance due to the 
blank) were compared to the standard curves. 
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Figure 1- UV absorption-concentration relationship (left) and Rf 
values (right) of the following compounds: I ,  X , phenobarbital; 2, 
@, methadone hydrochloride; 3 ,  A, dextroamphetamine: and 4 ,  B, 
ephedrine hydrochloride. 


RESULTS AND DISCUSSION 


Only Solvent System 4 [chloroform-dioxane+thyl acetate- 
concentrated ammonium hydroxide (25 :a: 10 : 5)J gave complete 
separation of all 17 compounds used; potassium permanganate, 
O.l$, and iodine fumes detected all compounds. (See Table 11, 
where the sensitivities of the detection reagents are also depicted.) 


When a mixture of four compounds, namely ephedrine hy- 
drochloride, dextroamphetamine, methadone hydrochloride, and 
phenobarbital was used, the chromatographic results (Fig. 1) 
indicated that the R f  values obtained agreed with the ones in 
Table 11. Following the procedure described in the Experimental 
section (UV absorption-concentration relationship), quantitation 
of the four spots was carried out. The results obtained were com- 
pared to the standard curves of absorbance versus concentration of 
the four compounds (Fig. 1). 


All experiments were performed at least in triplicate, and the 
mean values were recorded. No significant difference in these values 
was observed; 93-95$ recoveries of the compounds from the 
spots were achieved. The results are tabulated in Table 111, where 
the relationships of these compounds in concentration ranges be- 
tween0.5 and 2.5 mg./ml. were established. 


The procedure was repeated using 12 different mixtures of two, 
three, and four compounds, randomly selected. The results were 
very similar to those already indicated. 


Although the method is considered sufficiently accurate for the 
routine analysis of a wide variety of compounds commonly abused, 
some technical limitations may be imposed, particularly for com- 
pounds whose RI values differ only between 2 and 3%, such as 
amobarbital, cocaine, and phenobarbital (R/  0.76, 0.78, and 0.80, 
respectively), or for compounds for which more than one R j  value 
appears such as marijuana and opium (R f  0.17, 0.95, and 0.25 and 
0.44 and 0.75, respectively). 


The Rf  values are not absolute physical constants and may vary 
for many predictable and valid reasons. For example, the tem- 
perature of the experiments must be kept constant, and the purity 
of the solvents used must be examined so the R1 values will be 
reproducible. During the preparation of the plates, the variation 
of the thickness should be considered, since solvent vapor can be 
preadsorbed by the adsorbent easier on a thinner layer while a thick 
layer will not have time to reach a good equilibration. A lower 
proportion of adsorbed solvent will result with a thick layer and, 
therefore, a greater volume of solvent will be needed to wet a given 
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Table III-Absorbances of Amphetamine, Ephedrine Hydrochloride, Methadone Hydrochloride, and Phenobarbital a t  
Various Concentrations 


-_-- - Absor banesa--------- --________ ____ 
Concentrations, --Amphetamine-- -Ephedrine Hydrochloride-Methadone Hydrochloride-. -Phenobarbital-- 


mg./ml. 1 2 1 2 1 2 1 2 


0 .5  0.004 0.003 0.003 0.002 0.006 0.004 0.018 0.012 
1 .0 0.009 0.008 0.007 0.006 0.012 0.011 0.037 0.035 
1 . 5  0.014 0.014 0.011 0.0105 0.0175 0.017 0.056 0.052 
2.0 0.0185 0.0175 0.015 0.014 0.024 0.023 0.075 0.072 
2.5 0.0225 0.022 0.019 0.0185 0,030 0.029 0.092 0.089 


Percent recovery 95 93 95 93.5 


a 1 = pure compound, and 2 = TLC recovery. 


area of‘ the plate, resulting in higher Rf values on thicker plates. 
On the other hand, dry solvent vapor can displace some moisture 
from a partially activated plate, thus increasing its activity; and 
since it is likely that this will occur more rapidly and efficiently with 
a thin rather than a thick layer of silica gel, this effect could lead to 
an increase in Rf value with layer thickness. Readymade plates, 
such as the ones used in the present experiment, are often more 
reliable, provided that they all come from the same source. 


The developing tank must he equilibrated with solvent prior to 
its use for at least 1 hr. at room temperature. The solvent system 
should not he reused more than five times, and freshly prepared sol- 
vents should not be kept for more than 48 hr.; otherwise, the R f  
values obtained are not completely reproducible. 


For quantitative determinations, if the compound is not de- 
tcctablc under UV light, parallel spots should be run simultaneously 
and should be detected first, separately, so that the positions of the 
spots to be quantitated can be determined without spraying over 
their area. Spray reagents interfere during spectrophotometric meas- 
urements, giving exaggerated results. Using this method, quantities 
as small as 1 mcg. can be detected, while quantities as small as 0.1 
mg./ml. can be quantitated using UV spectrophotometry. 


The dcscribed technique can be considered rapid and accurate 
for routine analysis. With certain modifications, it also can be used 
for the detection and quantitation of these compounds excreted 
from biological systems. For the latter, however, the presence of 
metabolites and urine contaminants should be taken into considera- 
tion. 
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Biochemical AppllcaPtions of Mass Spectrometry. Edited by G. R. 
WALLER. Wiley, 605 Third Ave., New York, NY 10016. 1972. 
xiv + 872 pp. 21 X 28 cm. Price $49.95. 
The editor and authors of this encyclopedic work have succeeded 


admirably in assembling into one volume a large amount of theo- 
retical and practical material. 


The book is divided into five parts. Part I is an introduction and 
historical survey. Part I1 covers the. different types of spectrometers 
and contains an exhaustive section on data acquisition and process- 
ing by most of the world‘s principal mass spectrometric labora- 
tories. 


is devoted to the interpretation of mass 
spectra. These parts, consisting of 28 chapters, provide both the 
novice andexperienced investigator with a wealth of information on 
mass spectrometric applications to the entire range of biochemicals 
and compounds commonly classified as natural products. In addi- 
tion, there are excellent chapters on the “Origin of Mass Spectra.” 
how to interpret metastable ions, and field and chemical ionization 
mass spectrometry. Interdisciplinary areas such as those relating to 
drug metabolism and clinical applications are also covered. 


This welledited volume is about 60% tables and illustrations. 
The mass spectra are uniformly and clearly presented. Each chapter 
is adequately, but not excessively. referenced. A good working index 
is present so that subjects not discussed under a separate chapter, 
e.g., mass fragmentometry and GC-MS systems, can be quickly 
found. If anything, the book suffers somewhat from covering the 
literature only through 1969, since it was that long in preparation. 
Attempts have been made to update, in proof, some of the newer 
areas like chemical ionization mass spectrometry by the citation of 
more recent references. 


In summary, the book should be useful to investigators working in 
any of the areas allied with natural products and as a reference work 
for others using mass spectrometry as an analytical tool. Insofar as 
it is not out of date, it represents a how-to manual on the subject of 
data aquisition. As a final point, one would be remiss in not men- 
tioning the efforts of the editor and various contributors in present- 
ing the history and background of the entire field. 


About 8Ox of the 
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Methods and Tedrniqws la C h i d  Chemistry. By P. L WOLF, 
D. WILLIAMS, T. TSUDAKA, and L. ACOSTA. Wiley, 605 Third 
Ave., New York, NY 10016, 1972. 417 pp. 14.5 X 23 cm. Price 
$11.50. 
This publication compiles all of the currently significant chemical 


tests being utilized by the Stanford Hospital Clinical Laboratory. 
The tests are given in alphabetical order; each test monograph 
includes a discussion of the principle involved, reagents and equip- 
ment, procedure, normal values, references, and clinical interpreta- 
tion. Throughout the book, the authors have emphasized the practi- 
cal aspects of clinical chemistry. 


Staff Review 


NOTICES 
Proceedings of the International Symposium on Gas Chromatog- 


raphy-Mass Spectrometry. Organized by the Istituto di 
Richer& Farmacologiche “Mario Negri” of Milan. Edited by 
ALEIERTO FRIGERIO. Tamburini Editore s.p.a. Milano, Italy, 
1972.505~~. 17 X 24cm. 


Biological Oxidation of Nitrogen in Organic Molecules, Proceedings 
of the Symposium held at Chelsea College, London, December 
1971. Edited by J. W. BRIDGES, J. W. GORROD. and D. V. PARKE. 
Halsted Press, Wiley, 605 Third Ave., New York, NY 10016, 
1972.269 pp. 17 X 25 cm. Rice $21.00. 


International Directory of Inwstigators in Psychopharmacdogy. 
U .  S .  Department of Health, Education, and Welfare, National 
Institute of Mental Health, 5600 Fishers Lane, Rockville, MD 
20852,1972.439 pp. 20 X 26 cm. 


Die Starke in &r Medizin. By JOHANNES SEIDEMANN. Paul Parey, 
Berlin 61, Lindenstrasse 44-47, Germany, 1972. 92 pp. 16 X 24.5 
cm. Price DM 38. (Germmi) 


Organic-Chemical Drugs and Their Synonyms, Volumes I and I I .  
By MARTIN NEGWER. Akademie-Verlag, DDR 108 Berlin, 
Leipziger Str. 3-4, Germany, 1971. 1216 pp. 16 X 24 cm. 
(German) 


Terpenoids and Steroids, Volume 2, A Specialist Periodical Report. 
Senior Reporter, K. H. OVERTON. Chemical Society, Blackhorse 
Road, Letchworth, Herts, SG6 IHN, England, 1972. 450 PP. 
13 X 21.5 cm. Price E9.00. 


516 0 Journal of Pharmaceutical Sciences 








Dissolution Profile of Log-Normal Powders: 
Exact Expression 


DANA BROOKE 


Abstract 0 A rigorously correct derivation is given for the time 
course of dissolution of powders that follow the log-normal prob- 
ability distribution. The exact expression, based on reasonable 
assumptions, requires no integration but can be evaluated by use of 
a calculator and readily available mathematics tables. The ap- 
proximations of earlier workers for the dissolution patterns of 
log-normal powders are tested against the exact equation. 


Keyphrases 0 Dissolution profiles-log-normally distributed 
powders, exact derivation 0 Powders, dissolution-exact solution 
of log-normal distribution profile 0 Particle dissolution-log- 
normally distributed powders, exact derivation 


Recently, Carstensen and Musa (1) presented ap- 
proximate dissolution patterns for powders obeying the 
log-normal distribution law. They, like earlier workers 
(2, 3), refrained from an exact treatment of this subject 
because the expressions involved tended to become 
"analytically unmanageable." Instead, Carstensen and 
Musa (1) used a computer to gain approximate numer- 
ical solutions of their complicated probability expres- 
sions. 


In this paper, a rigorously correct expression is de- 
rived for the dissolution profiles of log-normally dis- 
tributed powders. The exact expression for weight 
fraction undissolved with time can be evaluated by use 
of a calculator and a handbook of mathematics tables 
including the standardized normal probability distribu- 
tion. The calculations are tedious but can be accom- 
plished without the use of a computer. 


THEORETICAL 


Consider a powder containing spherical particles of diameters 
a. which are distributed, on a numbers basis. such that In uo is 
normal with population mean p and population standard devia- 
tion ~ 1 .  The probability frequency f of log diameters is given by: 


When particles are placed in a medium, the diameters diminish 
as dissolution proceeds. If it is assumed that the particles dissolve 
isotropically under sink conditions and that the solubility C, is 
independent of particle size, then the diameter a, of a particle at 
some function T of time is described (1) by: 


2kC. 
P, = a0 - --I = a0 - T 


P 


where a. is the initial (time = 0) diameter, k is a dissolution rate 
constant, r is time, and p is particle density. Here the function T 


of time is 2kC.r/p, which is essentially the notation of Carstensen and 


'The symbols p and u in this paper have the sense of population 
parameters. Since the normal variable. In UO, is in (natural) logarithmic 
terms, so must be p and u. This is different from Reference I where the 
standard deviation is in common log terms. Since the distribution is 
log-normal, then the populatlon mean p is equivalent to the natural log 
of the geometric mean diameter. 


Musa (1). Obviously, the diameter is linear with time. The func- 
tion T has dimensions of length. 


If the total number of particles in the powder is N, then the 
number dN of particles of initial diameter a. is given by: 


d N  = Nfd In a. 0% 3) 
Initially, the contribution dw of particles of diameter uo to the 


total weight of the powder is the weight of one particle times the 
number in that cut or rpu0:dN/6. As dissolution continues, the 
diameters of particles decrease; but as long as ar > 0, the number of 
particles in that cut remains the same. Thus, the contribution to 
the total weight after some time such that 0 < T < a. is: 


dw = %adN = ?(ao - T)aNfd In a. (Eq. 4) 6 


The weight of undissolved solid at T is given by an integration 
of Eq. 4 for all remaining particles. The integration is in terms of 
initial diameters, since the numbers of particles were described 
on that basis. The lower limit of integration is rationalized by the 
fact that at any value of T the smallest remaining particles (ao - 
r -. 0) were initially of size a. = T .  Therefore, the weight w ,  is: 


h a a - -  


In aa==ln r 
wr = $ y ( u o  - T)aNfd In a. (Eq. 5 )  


For purposes of integration, T is a constant, 


comes: 


w, = r J n m , d f d  In a. - 3rr lnrnp.' f d  In a0 + 


By expanding the cubic term and letting r = irpN/6, Eq. 5 be- 


m 


3rr2 Jna a0 fdln uo - ria In {din a. (Eq. 6) 


When considering any of the four integrals in Eq. 6 ,  let there be a 


I 


number fi  (fi  = 0 , 1 , 2 , 3 )  such that: 


It is convenient to express aoB as e@ and then to manipulate 
the resulting integral in much the same manner as is done when 
developing the moment generating function for the normal dis- 
tribution (4). First, the powers of e in the integral are collected so 
that: 


Bln a. - -7- - (In a. - rY - - [In* a0 - 2(r + Boa) In ad + p* 
2.9 20 


(Eq. 8) 


By completing the square of the bracketed part of Eq. 8, that is, 
by adding and subtracting ( p  + bu*)), and collecting terms, the 
exponent of e becomes: 


and Ig becomes.: 


The new integral in Eq. 9 is that of a random variable (In ao) 
which is normally distributed with mean ( p  + flu*) and standard 
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Table I-Dissolution Patterns for Log-Normal Powders with a 
Geometric Mean of 40 pm. (p = 3.68888) as Calculated 
from Eq. 13 for Exact and for Truncated (at p + 3u) 
Distributions 


Percent 
Calculated Weight Fraction Rela- 


Remaining-- tive 
7 Exact Truncated Errora 


u = 0.03178 


u = 0 . 1 m  


u =  0.uw)Oo 


u = 0.50000 


u - 1.08304 


0 
5 


10 
15 
20 
25 
30 
36.3qr.Y 
0 


10 
20 
29.6Yre) 
30 
35 
0 
5 


10 
16.26(r0) 
25 
40 
0 
8.9Yrc) 


10 
20 
40 
80 
0 
1 .5Yr.) 
40 
80 


120 
200 
280 
350 


1 .m 
0.6707 
0.4231 
0.2455 
0.1263 
0.0538 
0.0164 
0.0010 
1 .m 
0.4337 
0.1381 
0.0255 
0.0234 
0.0063 
1 .m 
0.7320 
0.5215 
0.3213 
0.1575 
0.0372 
1 .m 
0.6929 
0.6625 
0.4326 
0.1831 
0.0361 
1 .m 
0.9938 
0.8632 
0.7594 
0.6769 
0.5529 
0.4634 
0.4034 


1 .oooo 
0.6707 
0.4231 
0.2455 
0.1263 
0.0538 
0.0165 
0.0010 
1 .m 
0.4333 
0.1376 
0,0254 
0.0233 
0.0059 
1 .m 
0.7294 
0.5173 
0.3221 
0.1521 
0.0330 
1 .m 
0.6793 
0.6476 
0.4097 
0.1567 
0.0195 
1 .m 
0.9877 
0.7380 
0.5543 
0.4201 
0.2438 
0.1404 
0.0842 


- 
- 
- 
- - - 
- 
- 
- 
0.1 
0.4 
0.4 
0.4 
6.4 


0 .4  
0.8 
1 . 3  
3.4 


1 1 . 3  


1 .o 
2 . 3  
5 . 3  


14.4 
46.0 


0.6 
14.5 
28.9 
38.0 
58.4 
69.8 
79.2 


- 


- 


- 


a Percent relative error = (exact - trun?ted)/exact x 100. * T~ refers 
to the value of T equivalent to a diameter given by In a0 = ~r - 3 ~ .  


deviation u. If x = [In a0 - ( p  + ~ u ' ) Y o  and dx = d In a&, then 
Eq. 9 can be changed to: 


which can be evaluated by use of tables of the standard normal 
distribution. If: 


where F{[ln T - ( p  + fh*)l/o] is a tabled value. 


dissolved, Eq. 6, becomes: 
The exact and rigorously correct expression for the weight un- 


it* (1 - F r-3) (Eq. 13) 


100 


75 


CI r 
I a 
$ 50 
c 
5 
8 
f 


25 


0 
0 10 20 


r 
30 


F l g w  I-Dissolution pattern for a log-normal powder with a geo- 
metric mean diameter of 40 pn. The population parameters were p = 
3.68888 and u = 0.03178. The sdid line was calculated from Eq. 
13. The circles are the Carstensen and Musa ( I )  estimates for thls 
distribution as reported in their Table II. 


It is clear that an expression of weight fraction undissolved, 
wt/wo, is a function only of T ,  p, and u. 


RESULTS AND DISCUSSION 


The dissolution profiles for five log-normally distributed "pow- 
ders" were treated for this paper using an electronic programmable 
calculatorz. In each case the powder was assigned a geometric 
mean diameter of 40 pm. ( p  = 3.68888). Standard deviations were 
chosen so that the distributions ranged from rather narrow to 
very broad. A dissolution pattern, as calculated from Eq. 13, for 
a powder with u = 0.03178 is shown in Fig. 1 .  Such a powder 
would have 99.74x of its particles in the range 36.3644.00 pm. 
This is perhaps a narrower distribution than could beexpected 
for most pharmaceutical powders. 


The distribution treated in Fig. 1 is the same one treated by 
Carstensen and Musa ( I )  by computer techniques and reported in 
their Table 11. The circles in Fig. 1 are the values of Carstensen and 
Musa. The excellence of their approximations is obvious. 


Carstensen and Musa assumed a powder containing no parti- 
cles outside of a range within 3 standard deviations from the 
mean. In practical situations it is probable that many (or even 
most) actual powders follow truncated distributions. If this be the 
case, then it is possible that using an ideal (as opposed to trun- 
cated) log-normal distribution for actual powders could lead to 
errors in the calculated dissolution profile. Conversely, when deal- 
ing with a powder that is "ideally" log-normal, arbitrary trunca- 
tion for the convenience of computer fitting could lead to errors. 
Whether or not significant errors occur because of these considera- 
tions depends upon the parameters ( p  and a) of the distribution. 
More specifically, the larger the value of the standard deviation u, 
the more chance that application of the exact equation (Eq. 13) to 
a truncated distribution will lead to  errors. The converse is also 
true. 


Let it be assumed that there is a powder that follows a truncated 
log-normal numbers distribution, with the smallest particle given 
by In a0 = In rC = p - cu and the largest particle given by p + 
cu, where c is a constant. Use of the ideal log-normal distribution 


'Monroe 1665. 
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Table II-Dissolution Patterns as Calculated Exactly by Eq. 13, 
as Calculated by the Carstensen and Musa (1) Approximation 
with a Knowledge of Weight Fraction at T * ,  and as Calculated 
by the Carstensen and Musa (1) Approximation by Assuming the 
Weight Fraction to be Zero at 


Weight Fraction Remaining 
d a l c u l a t e d  by- 


Carstensen and 
Musa 


-Approximation- 
Using Assume 


Known Weight 
Weight Frac- 


Exact Fraction tion 
7 Equation at T *  0 at iC 


u = 0.03178 0 l.m l.m l.m 
p = 3.68888 5 0.6707 0.6728 0.6416 


10 0.4231 0.4261 0.3810 
15 0.2455 0.2485 0.2027 
m 0.1263 0.1288 0.0911 
25 0.0538 0.0554 0.0350 
30 0.0164 0.0171 0.0054 
36.361,,1* 0.0010 0.0010 0 


0 = 0 . 1 m  0 l.m l.m 1.0000 
p = 3.68888 10 0.4337 0.4424 0.2909 


20 0.1381 0.1438 0.0344 
29.63ic,1* 0.0255 0.0256 0 


0 = 0 . 3 m  0 l.m l.m l.m 
p = 3.68888 5 0.7320 0.7398 0.3321 


10 0.5215 0.5295 0.0571 
l6.261,,1+ 0.3273 0.3274 0 
25 
40 0.0372 0.0130 


0.1575 0.1424 - 


u = 1.08304 0 l.m l.m - 
p = 3.68888 40 0.8632 0,8962 - 


0.7594 0.8000 - 
0.6769 0.7108 


200 I*  0.5529 0.5529 
280 0.4634 0.4203 - 
350 0.4034 0.3232 - 


- 


- 
80 


- 
im 


for this case has the effect of erroneously adding a few larger 
particles and a few smaller particles than actually exist. If c = 3, 
the number of particles added to each end represents only 0.13x 
of the total number of particles in the powder. However, it is not 
the small number of particles wrongly added that should cause 
worry-it is the weight that they represent. 


If there is a log-normal distribution on a numbers basis with mean 
p and standard deviation u, then, by the Hatch and Choate equa- 
tions (9, the distribution of particles on a weight basis is log-normal 
with mean ( p  + 309 and standard deviation u. Let z be the standard 
normal variable for the weight distribution. Thus: 


In a0 - ( p  + 3 d )  
z =  


U 


If the lower limit of particle sizes is In a. = In iC = p - cu for the 
numbers distribution, then for the weight distribution the limiting 
z is: 


Thus the weight wrongly added to the small end by using the ideal 
log-normal where the truncated distribution should have been 
used can be calculated. If c = 3, the error corresponds to no more 
than about 0.13% of the actual weight. Even if c = 2, the error is 
still less than about 2.27x of the actual weight. Thus it can be 
assumed that truncating (or not truncating) at the small end of the 
distribution will rarely lead to significant errors in calculated pro- 
files. 


At the large end, if the largest particle is given by In a. = p + 
cu, then: 


If u were vanishingly small, the errors involved would be relatively 
smallfor c = 2,3,. . . . But if c = 3 and (say) u = 1, then the standard 


75 


c 
5 z 
w a 


25 


0 80 160 240 


Figure 2-Plot showing the effect of truncating the log-normal dis- 
tribution at p + co on the calculated dissolution patterns where c 
= 2, 3, 4, or m. The distribution parameters are p = 3.68888 and 
u = 1.08304. 


T 


normal variable z would be zero. The effect would be the erroneous 
addition of a weight of particles equal to the actual weight of the 
powder. The resulting errors in the calculated profile would be 
great. 


The exact equation (Eq. 13) that was developed for an ideally 
log-normally distributed powder can be altered to take into account 
a truncation at the upper end of the distribution at p + cu. This 
simply involves changing the integral terms IB so that: 


(Eq. 17) 


It is now clear that the dissolution profile calculated exactly 
and shown in Fig. 1 excellently reflects the results of the Carsten- 
sen and Musa (1) approximation, because the standard deviation 
was vanishingly small. 


The effect of arbitrarily truncating at p + 3u when dealing with a 
number of exact distributions that vary only as to standard devia- 
tion is shown in Table I. The effect of truncating an ideal l o g  
normal distribution at various upper limits is shown in Fig. 2. 


The standard deviations of the particle distributions treated by 
Carstensen and Musa (1) are all small, and any truncating effects 
would be negligible. Actually, the dissolution of powders of the 
distributions treated by those authors was essentially complete 
before the smallest particles in those distributions began to dis- 
appear. Their smallest particles were assigned by In zc = - 30, 
where ie was the diameter of the smallest particle considered. The 
calculations in Table I show that for u = 0.03178, 99.9% of the 
weight had disappeared before iC was reached. For u = 0.1,97.45% 
of the weight had dissolved before ie was reached. If such were 
always the case, i.e., if u were vanishingly small when compared 
with the mean, Eq. 13 could be changed to: 
W , ( ~ + O )  = re3(r+3ua/2) - r7e2G+ua) + 


r7ze0.+u2/2) - r ~ 3  (Eq. 18) 


because the (1 - F) terms are essentially unity through most of 
the dissolution profile. However, it seems likely that powders like 
that of Table I, with p = 3.68888 and u = 0.3000, will often be 
encountered in pharmacy so that calculations by Eq. 13 will be 
required for precision. 


Carstensen and Musa (1) developed equations to approximate 
the dissolution patterns. Their Eq. 8 was offered to approximate 
the dissolution time course before T = ice That equation in terms 
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of the notation used in this report was: 


where M is the geometric mean diameter of the distribution and the 
sense of a is obvious. This equation, rearranged to give: 


wdwo = [I - (a/wo’/abl’ (Eq. 20) 
was tested for its fidelity. This was done by calculating a and then 
finding a value for wol/a by plugging in a point T * ,  W,*/WO from the 
exactly calculated profile. Then the entire dissolution pattern was 
calculated from Eq. 20 and compared with the exactly calculated 
values. These comparisons are shown in Table I1 for several dif- 
ferent powder distributions. The point T * ,  w,*/wo is indicated in 
Table 11. For standard deviations that are small or of moderate 
size, the approximation of Carstensen and Musa as rearranged in 
Eq. 20 gives excellent values when compared with the precise dis- 
solution curve even for values 7 > T ~ .  For large u, the approxima- 
tion is not quite as good. In those distributions where dissolution 
is essentially complete before T = T ~ ,  Eq. 20 can be employed with- 
out a knowledge of the exact profile. The initial condition can be 
set by (w,/wo) = 0 at T = T ~ .  This works well for the distribution 
where only 0.1 % of the initial weight remains at 7. It does not work 
well for the distribution where 2.56% of the weight remains at 7s 


oable  11). 
The growing importance of dissolution rate technology in 


pharmacy, coupled with the fact that many powders follow the log- 
normal distribution law, should lend importance to the exact 
equation derived here. In practical terms, however, the use of the 
exact equation for the dissolution of log-normal powders requires 
a knowledge of population parameters, solubility, and dissolution 
rate constant, none of which may be readily available. The popula- 


tion parameters found may depend on the method of measurement. 
The solubility of the smallest particles should be greater than that 
of the largest particles. Few powders are composed of spherical 
particles that dissolve isotropically. And, finally, it would un- 
doubtedly be difficult to design a dissolution rate experiment in 
which the agitation and, therefore, the diffusion barrier were the 
same for the entire surface of each particle and for every particle. 
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Chronic Isoproterenol Treatment of Mice: 
Effects on Catecholamines and Rectal Temperature 


GERDA I. KLINGMAN’, GENIE McKAY, ALLEN WARD*, and LUANA MORSEt 


Abstract IJ The chronic administration of isoproterenol(5 mg./kg. 
twice a day) to male and female mice resulted in increased wet 
weights and tissue weight-body weight ratios of the submaxillary 
and parotid glands. For the heart the ratio was elevated in male 
but not in female mice. The first dose of isoproterenol produced a 
decrease in the rectal temperature. Continuation of the treatment 
led to hyperthermia, which became maximum after treatment for 
longer than 10 days (20 doses). In these animals the predose rectal 
temperatures were lower than the pretreatment control values and 
the temperatures of control animals. A smaller, single dose (2.5 
mg./kg.) did not alter the rectal temperature. The norepinephrine 
concentrations of the parotid and submaxillary glands were reduced 
in male and female mice, but the total norepinephrine content of 
these glands was decreased only in male mice. The cardiac nor- 
epinephrine levels were not affected. Chronically treated animals 
were less active than controls for about 90 min. after dosing and 
showed rarification of fur and hair loss. Isoproterenol treatment of 
dams before, during, and after pregnancy did not alter the body 
weight, gross appearance, and wet weight of organs and tissues of 
pups examined on the 3rd postnatal day. 


Key phrases IJ Isoproterenol-effect on catecholamines and rectal 
temperature after chronic administration, mice IJ Catecholamine 
concentration-effect of chronic isoproterenol administration, mice 


A number of investigators have reported physio- 
logical and pathological changes in various species 


following acute and chronic isoproterenol treatment 
(1-14). Depending on the species and duration of treat- 
ment, the reported effects have included hypertrophy 
and hyperplasia of the submaxillary and parotid glands, 
infarct-like lesions and fatty degeneration of the heart, 
growth stunting, premature opening of the eyes, sparse 
hair growth, prostration, lethargy, and changes in rectal 
temperature, norepinephrine levels, and wet weights 
of several peripheral tissues. 


To gain a better understanding of the mode of action 
of isoproterenol, we investigated several effects of 
chronic treatment in mice, a species in which this drug 
has not been studied in detail. The factors studied in- 
cluded the wet weights and norepinephrine levels of 
several tissues and organs and the effects of acute and 
chronic administration on the rectal temperature. 


METHODS 


Animals-In one study, 16 adult male Swiss Webster mice were 
injected subcutaneously twice a day, except Sundays, with 5 mg./kg. 
isoproterenol hydrochloride and another 16 mice were injected 
with 0.85% sodium chloride solution for 15, 23, and 31 days. The 
animals were sacrificed by exsanguination under sodium pento- 
barbital anesthesia. Whole brain (minus the cerebellum) or brain- 
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Anticonvulsant Properties of Mannich Base 
Derivatives of 2-Phenylsuccinimide III 


EDWARD 0. MAGARIA", GERALD W. BECKER, and LOUIS DIAMOND 


Abstract 0 Several Mannich base derivatives of 2-phenylsuccini- 
mide were synthesized and screened for anticonvulsant activity. All 
products were evaluated by maximal electroshock seizure and 
pentylenetetrazol seizure threshold tests. 


Keyphrases 0 2-Phenylsuccinimide, Mannich base derivatives- 
synthesis, screened for anticonvulsant properties 0 Anticonvul- 
sants, potentialsynthesis and screening of Mannich base deriva- 
tives of 2-phenylsuccinimide 


The preceding papers (1, 2) of this series reported the 
preparation and anticonvulsant properties of several 
derivatives of phensuximide', N-methyl-2-phenylsuc- 
cinimide (I). One series of compounds (11), consisting of 
C-Mannich base derivatives of I, proved interesting 
since several members were more effective than the 


0 2: I 


R 
I: R=CHs,  R ' = H  
II: R = CH3, R' = tert -aminomethyl 
III R = tert aminomethyl ,  R' = H 


R' 0 


IV: R=CH,, R ' = H  
V: R=CH,,  R'=CHS 


1 Milontin, Parke, Davis and Co., Detroit, MI 48232 


parent molecule in eliminating the tonic extensor com- 
ponent of electroshock seizures. 


Some researchers (3, 4) reported the preparation of 
mono- and bis-Mannich bases of succinimides (111-V) . 
These compounds were shown to possess significant 
anticonvulsant properties. 


In view of the foregoing, it was of interest to prepare 
for evaluation the N,Z-bis-Mannich bases of 2-phenyl- 
succinimide (Compounds 1-6 in Table I). The corre- 
sponding mono bases (Compounds 7-12 in Table I) were 
also prepared for comparison purposes. All products 
were subjected to preliminary pharmacological screen- 
ing, and the results are presented in Tables I1 and 111. 


EXPERIMENTAL' 


2-WenylmcdnMde-The title compound was prepared from 
2-phenylsuccinic acid and concentrated ammonium hydroxide 
according to Miller and Long's (5) procedure. It was obtained as a 
white solid in a yield of 78x, m.p. 79-81 O [lit. (6) m.p. 90'1. 
Preparation of BIs-Mannich Bases (Table I)-To 0.05 mole of the 


appropriate amine, 5.0 ml. of 4Ox formalin (2.0 g., 0.067 mole 
formaldehyde) was added slowly with cooling. This mixture was 
added immediately to 4.4 g. (0.025 mole) of 2-phenylsuccinimide in 
50 ml. of 95% ethanol, after which it was heated at  reflux for various 
periods of time (Table I). The solvent was removed in oacuo, leaving 
either a solid or an oil, which usually solidified upon standing. 
Occasionally, extraction of the oil with petroleum ether and evapora- 
tion of the solvent in oacuo yielded solid material. If this procedure 
failed, an ethereal solution of the oil was washed with 10% NaOH 
and then with water until the washings were neutral to  litmus. The 
solution was dried (magnesium sulfate), and the ether was removed 
in oacuo to give a solid product. 


* All melting points were determined on a Thomas-Hoover melti 
point a paratus and are corrected. IR spectra were obtained on a Bet?: 
man Ig-8 spectrophotometer using KBr ellets. The two carbnyl 
stretching bands, which are characteristic o?imides, were present in all 
products. NMR spectra were obtained on a Varian Associates A-60A 
spectrometer and are consistent with the assigned structures. Elemental 
analyses were performed by Micro-Analysis, Inc.. Wilmington. -1. 
Intermediates used in this work are available commercially unless 
specified otherwise. 
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O N  *-R 


I 
CH,-R Table I-Mannich Bases of 2-Phenylsuccinimide 


Reflux 
Melting -Analysis, %-- Yield, The. 


Cak. Found % hr. 
Recrystallization 


Solvent Point Formula 


Ethanol (95%) 104.5-105. 5" 


112.5-115.5" 


83.5- 84.5" 


178.5-181' 


118-119" 


97-98 " 


c 79.30 
H 8.48 
N 6.94 
C 66.14 
H 8.32 
N 17.53 
C 72.30 
H 7.45 
N 11.50 
C 74.80 
H 8.74 
N 9.35 
C 64.32 
H 7.29 
N 11.25 
C 71.52 
H 8.46 
N 11.37 


79.27 46 19 
-8.24 
6.98 
66.27 
8.39 
17.44 


Hexane 24 93 


48 21 Isopropanol 72.47 
7.5i 
11.43 
74.50 
8.89 
9.60 


Isopropanol- 


Isopropanol 


chloroform (1 : 1 ) 
64 21 


18 65 64.36 . ... . 


7.42 
11.10 
71.26 Isopropanol 24 21 
8.36 
11.18 


Ethanol (95 %) 121-123" C 76.89 76.99 86 
H 7.74 7.54 
N 7.17 7.27 
C 66.88 66.95 67 
H 7.37 7.45 
N 14.62 14.52 
C 71.09 71.17 84 
H 6.71 6.84 
N 10.36 10.31 
C 73.05 72.96 94 
H 7.74 7.47 
N 8.97 8.93 - 86 - 


Isopropanol 127-1 29" 


Isopropanol 100.5-105" 


Isopropanol 105-106.5° 


Isopropanol 113-1 14.5 Oa 


N 3  
9 


lo N D  


N?O 11 
W 


Ethanol (95 %) 110-1 11 " b  
l2 "7 


"Lk(3)rn.p. - lII-112°.bLit.(3)m.p. = 107-108°. 


Preparation of MmMan~dch Bases (Table 1)-To 0.05 mole of 
the appropriate amine, 5.0 ml. of 4Ox formalin (2.0 g., 0.067 mole 
formaldehyde) was added slowly with cooling. This mixture was 
added immediately to a solution of 8.8 g. (0.05 mole) of 2-phenyl- 
succinimide in 20 ml. of 95x ethanol. The reaction mixture was 
stirred at room temperature for 15-30 min. and cooled in an ice 
bath, and the product was removed by filtration. 


earclip ekctrodes. A variabk transformer was used to regulate the 
applied voltage. The desired duration of stimulus was obtained by 
the inclusion of a relay in the circuit, which was operated by a 
square-wave stimulator'. A cathode ray oscilloscope was used to 
monitor the voltage drop across a l k h m  resistor coupled in series 
with the animal. This enabled the calculation of the corresponding 
current. The sweep on the cathode ray oscilloscope screen was trig- 
gered by the stimulator, so accurate readings could be obtained with 
each shock. preliminary studies showed that 12-16 ma. was required 
to produce a convulsive seizure pattern having a tonic flexor phase, 
a tonic extensor phase, and a clonic phase. 


After adequate control data were obtained, each group of animals 
received l(r600 mg./kg. i.p. of the drug under study. The maximal 
electroshock seizure tests were repeated 1, 2, and 3 hr. after drug 
administration. All drugs were administered as suspensions in 0.5 % 
methylcellulose (4OOO cps.). 


An animal was considered to be protected if the tonic extensor 
phase of the seizure pattern was absent. 


PHARMACOLOCY 


The anticonvulsant activity of each compound was evaluated by 
maximal electroshock seizure and pentylenetetraml seizure thresh- 
old tests (7). A group of five male albino mice' was used for each 
test, and the results were compared with vehicle-treated control 
woups. 


For the maximal electroshock seizure tests, animals were stim- 
ulated with 6O-cyck alternating current for 200 m. oia a pair of 


J Swiss-Webster mice obtained from the Laboratory Supply Co., 
Inc.. Indianapolu, IN 46241. Food and water were allowed ad Ifbltwn. 


326 0 Journal of Pharmaceutical Sciesces 


4 Grass S-4. 







Tabk II-Maximal Electroshock Seizure Tests Table III-Pentylenetetrazol Seizure Threshold Tests 


Number of Number of 
Animals Animals Showing 


Compound Dose, --Protecteda- -Toxicity+ 
Number mg./kg lhr .  2hr. 3hr. lh r .  2hr. 3hr. 


1 
2 


3 


4 
5 


6 


7 


8 


9 


10 


11' 


1 2' 


Diphenyl- 
hydantoin 


Phenobarbital 
Methylcellu- 


lose, 0.5% 


600 
10 


100 
boos 
100 
boos 
600 
100 
600 
100 
600 
10 


100 
600 
100 
600 
100 
600 
100 
boos 
10 


100 
600 
100 
m 
25 


25 
0.5 ml. 


315 114 112 
015 015 015 
015 013 013 


115 014 014 


415 415 515 


- - -  


- - -  


015 015 015 
515 515 314 
115 113 012 
314 212 111 
015 115 115 


015 01s 015 
313 111 010 
015 015 015 
212 212 212 
015 013 013 


115 115 115 
015 015 015 
515 515 515 
215 015 015 


015 015 015 


015 015 015 
015 015 015 


- - -  


- - -  


a Animals not surviving are excluded from the ratios. Drug was 
100% lethal at this dosage level. See Reference 3. 


A similar experimental design was used for conducting the 
pentylenetetrazol seizure threshold tests. Animals received pentyl- 
enetetrazol, 85 mg./kg. s.c., 1 or 2 hr. after the administration of a 
test compound. Animals that showed no convulsive activity of any 
kind during a 30min. observation period were considered protected. 


The ability of the selected experimental testing procedures to de- 
tect anticonvulsant activity was assessed by including three agents 
known to provide significant protection against either electrically 
or chemically induced seizures--oiz., diphenylhydantoin, pheno- 
barbital, and phensuximide. 


The neurological status of each animal was evaluated prior to each 
test for anticonvulsant activity. Toxicity was considered present if 
the animal failed to exhibit a righting reflex or a hind-limb placing 
reaction or if the animal's equilibrium, gait, or stance deviated from 
normal. 


It appears from the data in Tables I1 and 111 that the mono- 
Mannich bases were generally more active than the corresponding 
bis-substituted analogs. The products were less effective in prevent- 
ing seizures with the maximal electroshock seizure test (Table 11) 
than with the pentylenetetrazol seizure threshold test (Table 111). 
As a rule, protection was obtained in the maximal electroshock 
seizure test only for dosage levels a t  which toxic ef€ects were ob- 
served. In the pentylenetetrazol seizure threshold test, Compound 9 
(Table 111) displayed an activity pattan equivalent to that of the 
standard compound phensuximide. Compounds 8 and 11 (Table 111) 


Number of Animals 
Compound DO=, -Protecteda- 


mg./kg. 1 hr. 2 hr. Number 


8 


9 


10 
11" 


12" 


Phensuximide 


Methylcellulose, 0.5 


100 
600 
100 m 
100 
600 
100 
600 
100 
ux) 
100 
400 
100 
300 


100 
ux) 
100 
ux) 
100 
100 
300 
100 
m 
100 
300 
0.5 rnl. 


Animals not surviving are excluded from the ratios. Drug waa 
100% lethal at this dosage level. See Reference 3. 


compared favorably with phensuximide in that they also provided 
full protection at a dosage level of 300 mg./kg. 
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NMR Analysis of Pharmaceuticals VIII: Determination of 
Trimethadione in Various Dosage Forms 


BRUCE A. GOLDWITZ' and JOHN W. TURCZAN 


Abstract 0 An NMR procedure is described for the determination 
of trimethadione in its various pharmaceutical dosage forms. The 
method is both accurate and precise, with a standard deviation of 
+0.3%. The NMR results of synthetic mixtures and commercial 
preparations were compared to those obtained by USP XVIII and 
NF XI11 procedures. The NMR technique offers the advantages 
of speed, simplicity, and specificity. 


Keyphrases 0 Trimethadione dosage forms-NM R analysis, com- 
pared to cornpendial methods 0 NMR spectroscopy-analysis, 
trimethadione dosage forms 


Trimethadione (3,5,5-trimethyl-2,4-oxazolidinedione) 
(I) is an anticonvulsant drug which is used primarily in 
the treatment of petit ma1 epilepsies. 


Approaches to the quantitative determination of I 
vary. Gallelli and Kostenbauder ( 1 )  reported an IR 
assay method in which I is determined in the presence 
of its hydrolysis products. A manometric procedure 
based upon the decomposition of I by alkali and the 
subsequent measurement of the carbon dioxide formed 
was described by Taylor and Bertcher (2). Booker and 
Darcey ( 3 )  developed a GC method for the quantitation 
of I and its metabolite dimethadione in blood serum. 
Other techniques used for the assay of I in the pure form 
and in combination with other drugs include spectro- 
photometry (4), volumetric analysis (9, and the meas- 
urement of alkali consumed during the hydrolysis of 
I in strong base (6) .  


The method adopted by USP XVllI (7) for the anal- 
ysis of I in the capsule and solution dosage forms, and 
by NF XI11 (8) for the analysis of I in tablets, is based 
upon the hydrolysis of I with sodium hydroxide. 
The reaction products formed in the hydrolysis are N- 
methylcarbamylo-a-hydroxyisobutyric acid and N-  
methyl-a-hydroxyisobutyramide. The volatile amines 
produced during the total degradation of the amide (9) 
are refluxed and distilled into a boric acid solution and 
are subsequently measured by direct titration with 
standard sulfuric acid. 


By virtue of its relatively high unit dosage (150 and 
300 mg.) and characteristic resonance pattern, a quanti- 
tative NMR procedure was investigated for the determi- 
nation of I. With the addition of an internal standard 
followed by extraction with a suitable solvent, a rapid 
and accurate quantitation can be accomplished. 


An NMR procedure is described here for the analysis 
of I in its official pharmaceutical dosage forms. terf- 
Butyl alcohol was employed as the internal standard 
and water as the solvent. Besides providing quantitative 
results, the recorded NMR spectrum furnishes an 
identification of the active ingredient, thereby con- 
tributing to the specificity of the technique. The method 


was used to analyze both known mixtures and commer- 
cial preparations. 


EXPERIMENTAL 


Apparatus-An NMR spectrometer1 equipped with a variable 


Standard-Trimethadione reference standard was obtained from 


Internal Standard-tert-Butyl alcohol4, 99+ mol. x, was used. 
Samples-Trimethadione capsules, solutions, and tablets were 


used. 
Procedure-Tablet Preparatioti-Weigh and finely powder not 


less than 20 tablets. 
Capsule Preparation-Weigh and mix thoroughly the contents of 


not less than 20 capsules. 
Weigh accurately a portion of the powder equivalent to about 


150 mg. of I into a glass-stoppered centrifuge tube. In the case of 
I solution, pipet an equivalent portion into the tube. Add about 
50 mg., accurately weighed, of the tert-butyl alcohol internal stand- 
ard and fill the tube to approximately the 4-ml. mark with water. 
Stopper the tube and shake thoroughly for about 2 min. The tablet 
and capsule sample should be centrifuged to separate the solution 
from the insoluble excipients. 


Transfer about 0.4 ml. of the sample solution to an analytical 
NMR tube. Place in an NMR spectrometer and obtain the spectrum. 
Care should be taken to adjust the spin rate so that no spinning side 
band occurs in the region of interest between 1.0 and 1.8 p.p.m., 
using the delta scale to express magnetic field strength. All peak 
field positions are referenced to sodium 2,2-dimethyl-2-silapentane- 
sulfonate (111) at 0 p.p.m. Integrate the peaks of.interest at least 
five times. 


temperature probe2, having a six-turn insert, was used. 


a commercial source'. 


The amount of I may be calculated as follows: 


m 3 . l  = A.,I E.W.8p~ mg.rert-butyl alcohol X tablet Asu E.W.,u mg. sample 
average tablet weight (Eq. la) 


mg. I A,,I E . W.sp~ mg. rert-butyl alcohol - = -  
capsule Astd E.W.,td mg. sample 


average capsule contents (Eq. lb)  


(Eq. 1 4  mg. I = 61 E.W.,,l mg. tert-butyl alcohol 
ml. solution Astd E.W.,td ml. solution used 


where: 


A.,l = integral value of the signal representing I 
A J a  = integral value of the signal representing tert-butyl 


alcohol 
E.W..pI = formula weight of I/6=23.86 
E.W.,a = formula weight of tert-butyl alcohol/9= 8.236 


Although no evidence of the instability of I was encountered in 
the dosage forms studied, the use of the described NMR procedure 
in those cases where decomposition products are present is discussed 
later. 


1 Varian A-60. 
2 V-603 1. 
3 Abbott Laboratories, North Chicago, IL 60064 
4 Matheson, Coleman and Bell, East Rutherford, N. J. 
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Table I-Determination of Trimethadione in 
Standard Mixtures by NMRa 


n 


tert-Butyl 
Stand- Alcohol 
ard Internal 7- Trimethadione-- 
Mix- Standard Added, Found, Recovery, 
ture Added, mg. mg. mg. % 


1 54.2 158.9 159.7 100. 5 
2 58.1 154.0 155.2 100.8 
3 51.2 150.7 151.6 100.6 
4 52.4 157.2 157.2 100.0 
5 78.4 155.5 156.0 100.3 _ _ ~  - 
6 29.1 i48.3 148.4 100. 1 
7 51.9 154.1 154.9 100.5 


a SD *0.3 %. 


RESULTS AND DISCUSSION 


The selection of water as the solvent was a relatively straight- 
forward choice. Compound I is soluble in water to about 5%.  Fur- 
thermore, I solution USP contains about 40 mg./ml. in water. 
Utilizing this solvent obviates the necessity for a required extraction 
procedure and thus provides for a more simplified analysis. Equally 
important is the fact that the broad resonance signal of the solvent is 
sufficiently downfield from the I resonance pattern to allow for 
interference-free quantitation and distinct identification of the 
active ingredient. 


tert-Butyl alcohol proved to be a suitable internal standard be- 
cause it is very soluble in water and provides a single strong spectral 
signal at a useful upfield position. 


Figure 1 represents a spectrum of trimethadione under the pre- 
scribed analytical conditions. The amount of I is calculated from the 
area integration of the singlet at about 1.55 p.p.m. due to the six 
methyl protons on the oxazolidine ring at position 5 on the ring, and 
the singlet at 1.25 p.p.m. is attributed to the nine methyl protons of 
the tert-butyl alcohol internal standard. The additional resonance 
peaks present in the spectrum are due to the methyl group of I at 
position 3 on the ring at about 3.02 p . p m  and the broad solvent sig- 
nal at approximately 4.6 p.p.m. In the actual analysis, it is preferred 
not to add the Il l  reference standard since the methylene group beta 
to the sulfonyl group of 111 exhibits a multiplet that would overlap 
the sample signal in the analytical region of interest between I .3 and 
2.2 p.p.m. Even though the concentration of I11 in Fig. 1 is reduced 
to the point where no observable integration error would occur, 
the absence of 111 in the described analytical procedure provides for 
truer results and a more simplified analysis. 


A group ofknown standard I mixtures was analyzed by this NMR 
technique, and the results are summarized in Table I. The method 
was both accurate and precise, with a standard deviation of *0.3%. 
The relative proportions of I to tert-butyl alcohol had no significant 
bearing on the accuracy of the determination. 


Approximately 10 commercial preparations of I in its various 
dosage forms were assayed by the described NMR procedure. Six of 
the results were also compared to results obtained using the official 
USP and NF procedure, and the findings are listed in Table 11. 
Although the results are in good agreement, the NMR procedure 
has several distinct advantages over the official method. Banes (9) 
pointed out that the quantitative analysis of I as performed in the 
official procedure would be more conclusive if the drug constituents 


Table 11-Determination of Trimethadione in 
Commercial Preparations by NMR 


Dosage 
Form 


Tablet 
Tablet 
Capsule 
Capsule 
Solution* 
Solution 


De- 
clared, 
mg./ -Found (NMR)- 
Units mg./Unitn % 


150 141.9 94.6 
150 146.3 97.5 
300 305.1 101.7 
300 294 0 9R.0 ... .- . 


1200 1175 97.9 
1200 1150 95.8 


Found (Official 
-Method)-- 
mg./Unitn % 


141.3 94.2 
144.6 96.4 
298.5 99.5 


1165 97.1 
1156 96.3 


296.7 98.9 


a Single dosage form analysis. * For solution (mg./oz.). 
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P.P.m. (6 )  


Figure 1-NMR spectrum of trimetkadiorie in water. Key: 11, tert- 
butyl alcohol; and I l l ,  sodium 2.2-dimethyl-2-silapentanesulfonate. 


were first separated to ensure identity of the compound being hydro- 
lyzed. The specificity drawback is not applicable to the NMR pro- 
cedure as a result of the distinguishing resonance pattern ascribable 
to I. Speed and simplicity are additional characteristic traits of the 
NMR technique when applied to the quantitative analysis of phar- 
maceuticals. A complete assay can be performed in approximately 30 
min. in the case of I, thus avoiding the tedious and time-consuming 
refluxing and distillation called for by the official method. 


No interferences from any of the capsule, solution, or tablet 
excipients were observed in any of the analyses. 


The ability of an analytical method. to determine a drug in the 
presence of its decomposition products is a desirable attribute. 
Since I is stable under the analytical conditions described, no de- 
composition will take place as a result of the NMR procedure. 
However, the history of the drug could include conditions leading to 
decomposition. The kinetics study of Gallelli and Kostenbauder ( I )  
demonstrated that I was hydrolyzed primarily in alkaline solution. 
As a result, the possibility of using this procedure in those instances 
where decomposition products are present was investigated, even 
though no evidence of decomposition was evident from the dosage 
forms analyzed. 


The spectrum of the partially hydrolyzed drug provides an op- 
portunity to analyze the extent of decomposition as well as the intact 
drug. The presence of the hydrolysis products can be detected by 
the appearance of two singlets at about 7 and 13 cycles upfield 
from the singlet due to the two methyl groups' at position 5 on the 
oxazolidine ring and the appearance of two singlets at about 17 and 
22 cycles upfield from the singlet due to the methyl group at position 
3 on the ring. The total drug may be calculated by comparing the 
area of the three-peak system ascribable to the methyl groups on 
position 5 of the drug and the corresponding groups of the decom- 
posed compounds with the area of the internal standard signal. 
The extent of decomposition may be measured by first comparing 
the area of the methyl group singlet for the intact drug at 3.02 p.p.m. 
(noting the correct equivalent weight) with the internal standard area 
and then dividing this weight by the weight of the total drug found. 


The choice of the latter procedure is dictated by the fact that the 
differential integration is possible without difficulty since the peaks 
are well separated. On the other hand, although decomposition is 
manifest in the first three-peak system mentioned, the chemical 
shifts within the system do not allow for satisfactory integration 
and subsequent calculation of decomposition. It is possible to deter- 
mine the extent of decomposition to about 2x. 


In conclusion, the NMR technique, when applied to the analysis 
of trimethadione in its various pharmaceutical dosage forms, can 
provide an assay with an accuracy of about 1-2z while offering the 
benefits ofspeed, simplicity, and specificity. 
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Analog Computer Program for Simulating 
Variable Dosing Regimens 


L. KIRSCHNER’, T. H. SIMON, and C. E. RASMUSSEN 


Abstract Based on a single-compartment model, an analog 
computer program was developed which utilizes both analog and 
logic components of a general-purpose hybrid computer. The 
program permits the simulation of the blood and urine levels that 
would be obtained following the administration of an  initial dose 
followed by a series of additional doses. The magnitude of the doses, 
as well as the time period between doses, may be varied inde- 
pendently. The program can be used to aid the formulator in 
establishing the amount of drug that should be released during 
selected time periods from a timed-release dosage form to provide 
uniform blood levels. 


Key phrases 0 Computer program, analog-simulation of variable 
dosing regimens 0 Simulation of variable dosing regimens- 
analog computer program 0 Timed-release dosage formulation- 
use of computer simulated blood and urine levels c] Dosing regi- 
mens, variable-simulation of blood and urine levels 


The use of the analog computer for simulating 
drug distribution in the body has been widely ac- 
cepted (1-5). Many of the reported analog computer 
programs have been limited to  simulating drug levels 
after single-dose administration (6-14). Several authors 
have reported simulations based on multiple-dose 
administrations that were achieved by either digital 
computer techniques ( 1  5-17) or manual manipulation 
of analog computer components (18--21). At ‘best, the 
manual methods are cumbersome and there is a pos- 
sible loss of accuracy due to time-dependent manual 
manipulation. In addition, digital computer simulation 
does not permit the instantaneous observation of the 
effect of parameter modification on the drug level in a 
particular compartment. 


This paper discusses how digital logic components 
(22 ) ,  which have recently been made available as an 
integral part of general-purpose analog computers, can 


be used in the simulation of variable dose sequencing 
regimens. Such components permit manipulation, in 
microseconds, of operations that were previously per- 
formed manually. With the aid of the logic compo- 
nents, programs can be prepared that change parameter 
values automatically and make decisions based on either 
timing considerations or other arbitrary conditions 
inherent in the problem to  be simulated. 


The flexible analog computer program described 
here permits the simulation of a variety of dosing regi- 
mens and has many applications in pharmacokinetic 
research. It has the feature of simulating the administra- 
tion of an initial dose followed by a sequence of doses 
of variable size where the time periods between the 
administration of doses may be varied independently. 


EXPERIMENTAL 


The program is based on the single-compartment model: 
k. k-1 


G - B - U  (Eq.  1) 


where C = amount of drug in the gut, B = amount of drug in the 
blood, U = cumulative urinary excretion level, k ,  = first-order 
rate constant of absorption, and k,, = first-order rate constant of 
excretion. 


The model is described by the following differential equations: 


dG - = -k,G 
dt 


dt 


0%. 20) 


(Eq. 26) dB - = k,G - k,lB 


= kelB dt 


Although the single-compartment model was chosen for demon- 
stration purposes, the program can be easily modified to represent 
almost any pharmacokinetic model. 
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of the notation used in this report was: 


where M is the geometric mean diameter of the distribution and the 
sense of a is obvious. This equation, rearranged to give: 


wdwo = [I - (a/wo’/abl’ (Eq. 20) 
was tested for its fidelity. This was done by calculating a and then 
finding a value for wol/a by plugging in a point T * ,  W,*/WO from the 
exactly calculated profile. Then the entire dissolution pattern was 
calculated from Eq. 20 and compared with the exactly calculated 
values. These comparisons are shown in Table I1 for several dif- 
ferent powder distributions. The point T * ,  w,*/wo is indicated in 
Table 11. For standard deviations that are small or of moderate 
size, the approximation of Carstensen and Musa as rearranged in 
Eq. 20 gives excellent values when compared with the precise dis- 
solution curve even for values 7 > T ~ .  For large u, the approxima- 
tion is not quite as good. In those distributions where dissolution 
is essentially complete before T = T ~ ,  Eq. 20 can be employed with- 
out a knowledge of the exact profile. The initial condition can be 
set by (w,/wo) = 0 at T = T ~ .  This works well for the distribution 
where only 0.1 % of the initial weight remains at 7. It does not work 
well for the distribution where 2.56% of the weight remains at 7s 


oable  11). 
The growing importance of dissolution rate technology in 


pharmacy, coupled with the fact that many powders follow the log- 
normal distribution law, should lend importance to the exact 
equation derived here. In practical terms, however, the use of the 
exact equation for the dissolution of log-normal powders requires 
a knowledge of population parameters, solubility, and dissolution 
rate constant, none of which may be readily available. The popula- 


tion parameters found may depend on the method of measurement. 
The solubility of the smallest particles should be greater than that 
of the largest particles. Few powders are composed of spherical 
particles that dissolve isotropically. And, finally, it would un- 
doubtedly be difficult to design a dissolution rate experiment in 
which the agitation and, therefore, the diffusion barrier were the 
same for the entire surface of each particle and for every particle. 
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Chronic Isoproterenol Treatment of Mice: 
Effects on Catecholamines and Rectal Temperature 


GERDA I. KLINGMAN’, GENIE McKAY, ALLEN WARD*, and LUANA MORSEt 


Abstract IJ The chronic administration of isoproterenol(5 mg./kg. 
twice a day) to male and female mice resulted in increased wet 
weights and tissue weight-body weight ratios of the submaxillary 
and parotid glands. For the heart the ratio was elevated in male 
but not in female mice. The first dose of isoproterenol produced a 
decrease in the rectal temperature. Continuation of the treatment 
led to hyperthermia, which became maximum after treatment for 
longer than 10 days (20 doses). In these animals the predose rectal 
temperatures were lower than the pretreatment control values and 
the temperatures of control animals. A smaller, single dose (2.5 
mg./kg.) did not alter the rectal temperature. The norepinephrine 
concentrations of the parotid and submaxillary glands were reduced 
in male and female mice, but the total norepinephrine content of 
these glands was decreased only in male mice. The cardiac nor- 
epinephrine levels were not affected. Chronically treated animals 
were less active than controls for about 90 min. after dosing and 
showed rarification of fur and hair loss. Isoproterenol treatment of 
dams before, during, and after pregnancy did not alter the body 
weight, gross appearance, and wet weight of organs and tissues of 
pups examined on the 3rd postnatal day. 


Key phrases IJ Isoproterenol-effect on catecholamines and rectal 
temperature after chronic administration, mice IJ Catecholamine 
concentration-effect of chronic isoproterenol administration, mice 


A number of investigators have reported physio- 
logical and pathological changes in various species 


following acute and chronic isoproterenol treatment 
(1-14). Depending on the species and duration of treat- 
ment, the reported effects have included hypertrophy 
and hyperplasia of the submaxillary and parotid glands, 
infarct-like lesions and fatty degeneration of the heart, 
growth stunting, premature opening of the eyes, sparse 
hair growth, prostration, lethargy, and changes in rectal 
temperature, norepinephrine levels, and wet weights 
of several peripheral tissues. 


To gain a better understanding of the mode of action 
of isoproterenol, we investigated several effects of 
chronic treatment in mice, a species in which this drug 
has not been studied in detail. The factors studied in- 
cluded the wet weights and norepinephrine levels of 
several tissues and organs and the effects of acute and 
chronic administration on the rectal temperature. 


METHODS 


Animals-In one study, 16 adult male Swiss Webster mice were 
injected subcutaneously twice a day, except Sundays, with 5 mg./kg. 
isoproterenol hydrochloride and another 16 mice were injected 
with 0.85% sodium chloride solution for 15, 23, and 31 days. The 
animals were sacrificed by exsanguination under sodium pento- 
barbital anesthesia. Whole brain (minus the cerebellum) or brain- 
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Table I-Ratios of the Tissue Weight to the Body Weight (mg./g.) of the Heart, Parotid Glands, and Submaxillary Glands in Male and Female 
Mice, Treated Chronically with Isoproterenol Hydrochloride (ISO) 


Treatment and 
Body Weight, 


g. f SE 


~~ 


Number -Ratio, Tissue Weight/Body Weight, mg. /g .  f SE- 
of Submaxillary 


Sex Mice Heart Parotid Glands Glands 


5.2 f 0.2 Control, 31.1 f 0.9 Male 9 3.9 f 0.1 3.7 f 0 . 2  
ISO, 29.4 f 0.5 Male 9 5.4 f 0.1" 12.0 f 0.4" 11.0 f 0.5" 
Control, 32.6 f 2.5 Female 7 4.6 f 0.2  3.3 f 0.5 5.1 f 0.5 


4.8 f 0.1  14.5 f 1.6" 8.9 f 0.Y ISO, 43.6 f 1.0 Female 8 


a p < 0.001 treated to control of the same sex, r test in nonpaired experiments (29). 


stem', heart, submaxillary glands, parotid glands, spleen, kidneys, 
small intestine, and adrenal glands were dissected in the cold and 
weighed on a Mettler balance or Cahn electrobalance. The tissues 
were either immediately analyzed for catecholamines or frozen for 
subsequent measurement, always within 3 days after dissection. 


In the second study, 25 female Swiss Webster mice were iqjected 
subcutaneously twice a day with 0.85% sodium chloride solution 
(eight controls) or with 5 mg./kg. isoproterenol hydrochloride for 
65 days (10 mice) and 107 days (two mice) before, during, and after 
pregnancy. Five isoproterenol-treated mice died during the treat- 
ment. The mice were sacrificed, and the same tissues were dis- 
sected and prepared as already described. 


Neonatal mice were sacrificed 3 days after birth, and the peri- 
pheral organs and tissues, including sympathetic ganglia, were 
examined grossly and weighed on a Mettler balance or Cahn elec- 
trobalance. 


Tissue Weights and Ratios-For the statistical analysis of the 
effect of chronic isoproterenol treatment on the tissue weights, the 
ratios of the tissue weights to the body weights (milligrams per gram) 
were used. There were no differences in the body weights within 
and between the groups of treated and control male mice. The body 
weights of the female control mice were lower than the body weights 
of the isoproterenol-treated female mice before treatment and re- 
mained so throughout the experiment. 


Catecholamine Analysis-Norepinephrine and epinephrine were 
extracted with 1-butanol as previously described (15) and measured 
in a spectrophotofluorometer' by a modification (16, 17) of the 
ferricyanide oxidation method of von Euler and Floding (18). 


Rectal Temperature-The rectal temperatures of female mice 
were measured with a telethermometer' every 30 min. for up to 
150 min. (room temperature 22-24") before and after the adminis- 
tration of the first and third doses of isoproterenol or 0.85% sodium 
chloride solution. During the chronic treatment, the rectal tem- 
peratures were determined periodically. Rectal temperatures were 
measured in another group of female mice following a single lower 
dose (2.5 mg./kg.) of isoproterenol hydrochloride. 


Other Observations-During the entire experimental period the 
gross appearance of chronically treated male and female mice was 
observed. These. observations included the appearance of the fur 
and the Occurrence and severity of lethargy and salivation after 
dosing. The results of the histopathological study of tissues from 
isoproterenol-treated and control mice will be reported elsewhere. 


Within the groups of female and male mice, no variation in the 
intensity of the effects on the tissue weights, the ratios, and the tis- 
sue catecholamines was noted that could be attributed to the differ- 
ent durations of the. chronic treatment. For this reason, these data 
were pooled (65 and 107 days for female mice and 15, 23, and 31 
days for male mice). 


RESULTS 


Tissue Weights-The wet weights of the hearts, submaxillary 
glands, and parotid glands were larger in the treated mice of both 
sexes than in the control mice. In treated male mice the ratio of the 
heart weights to the body weights was significantly increased, while 
this ratio was not altered in the female mice. The ratio was larger in 


Brainstem is designated as the medulla, the pons, the midbrain, and 
the diencephalon. 


2 Aminco-Bowman. 
a Yellow Springs Instrument Co., probe No. 402. 


female control mice when compared to male control mice ( p  < 
0.01); the opposite was noted in the isoproterenol-treated male and 
female mice ( p  < 0.001). The ratios of the parotid and submaxillary 
glands from isoproterenol-treated mice of both sexes were signifi- 
cantly increased over control values (Table I). The ratios of parotid 
glands from male and female treated mice were not statistically 
different, but those of the submaxillary glands were larger in male 
than in female treated mice ( p  < 0.01). In control male and female 
mice the gland to body weight ratios were similar. Spleen, intestine, 
kidneys, adrenal glands, superior cervical ganglion, brain, and 
brainstem showed no alteration in the tissue weight to body weight 
ratios as a result of chronic isoproterenol treatment. Gross appear- 
ance and the wet weights of tissues of neonatal animals from iso- 
proterenol-treated female mice were not different from those of 
neonatal controls. 


Rectal Temperature-A decrease in the rectal temperature of 
female mice occurred 30, 60, 90, 120, and 150 min. after the ad- 
ministration of a single dose of 5 mg./kg. isoproterenol when the 
experimental temperatures were compared to the predrug control 
values and control mice (Table 11). After three doses the hypo- 
thermic response was no longer demonstrable, and continuation of 
the isoproterenol treatment led to hyperthermia. The rectal tem- 
perature increased significantly within 30 min. after dosing, re- 
mained elevated for approximately 1 hr., and then began to return 
to the control value. The maximum increase in the rectal tempera- 
ture was not reached at  7 (Table 11) or 10 days but was observed 
after 29 days of treatment. The final temperature measurements 
were taken 24 hr. before sacrifice after 65 and 107 days of treatment. 
The mean increase amounted to 2.2' with a range from 1.8 to 
3.2". In half of the mice, peak temperatures were reached at 30 
min.; in the other half they were reached at 60 min. after the ad- 
ministration of the dose. During the chronic treatment the rectal 
temperatures recorded before the administration of a daily dose 
of isoproterenol were lower than the temperatures of these mice 
before the chronic treatment was started, during the earlier periods 
of the treatment, and in control mice; these differences were sta- 
tistically significant. Treatment of female mice with a single dose of 
2.5 mg./kg. isoproterenol did not affect the rectal temperature 
during the observation period (Table 11). 


Catecholamines-The norepinephrine concentration of the par- 
otid glands was significantly decreased in treated mice of both sexes 
when compared to their respective controls. The norepinephrine 
content of these glands was also decreased in chronically treated 
male mice but not in the treated female mice. In female but not in 
male mice, isoproterenol treatment reduced the epinephrine con- 
centration of parotid glands by 28%. A fourfold increase in the 
total epinephrine content (nanograms per glands) occurred in the 
parotid glands of both male and female treated mice. 


Chronic isoproterenol treatment reduced the norepinephrine 
concentration to 37% and the content to  80% of control values in 
the submaxillary glands of male mice. Female treated mice also 
showed a decreased norepinephrine concentration (to 69% of 
control value), but the norepinephrine content was increased to 
163 %. The norepinephrine concentration and content of the sub- 
maxillary glands from male control mice were 2.5-fold greater 
than those from female control mice. Lower norepinephrine con- 
centration and content of parotid glands were also noted in female 
control than in male control mice (Table 111). Similar differences 
were obtained in a subsequent study which was undertaken to 
verify these findings. The epinephrine concentration and content 
of the submaxillary glands from male mice were greater regardless 
of the treatment when compared with the respective glands from 
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Table II-Rectal Temperatures of Female Mice Treated Subcutaneously with 5 mg.Fg. Isoproterenol Hydrochloride (ISO) 


Number 
of Rectal Temperature f SE before and Every 30 min. after Treatment 


Treatment Mice 0 30 6 0  90 1 20 150 
~ 


Controls 13 38.1 f 0.1" 38.1 f 0.1" 37.9 f 0.1" 37.8 f 0.1" 37.7 f 0.1"" 37.7 f 0. loa 
First dose IS0 14 38.1 f. 0.1' 37.2 f 0.2"" 37.4 f 0 . 2 " ' ~  37.2 f 0.2"ad 37 .2  f O.load 37.3 f O . l o l d  
First dose ISO, 1 1  38.1 f 0 . 2 "  37.9 f 0.2" 37.7 f 0 . 3 "  37.5 f 0.3" 37.4 f 0.3" 37.3 f 0.3" 


2.5 mg./kg. 
14 38.1 f 0 . 2 "  37.8 f 0 . 2 "  37.7 f 0.2" 37.6 f 0.1" 37.5 f 0 .2"  37.3 f 0.20b Third dose IS0 
1 1  37.6 f 0 . 2 "  37.4 f 0 . 2 "  37.2 f 0 . 2 "  37.2 f 0 .2"  Controls 
14 37.7 f 0.1" 39.1 f 0.2"4d 39.0 f 0.2"4d 38.6 f 0.2°4d 7 days IS0 


65-107davsISO 12 36.8 f O . l O J  39.0 f 0.3°4d 38.6 f 0.20dd 37.9 f 0.2"ld 


- - 
- - 
- - 


(29), treated to control. 
r test in nonpaired experiments 


' p  < 0,001 


Table 111 -Norepinephrine and Epinephrine Concentration and Content of Tissues of Male and Female Mice Treated Chronically with 
Isoproterenol Hydrochloride (ISO) 


~ 


Number 
of -Norepinephrine - r  Epinephrin- 


Tissue Mice Treatment Sex ng./g. f SE ng./Tissue f SE ng./g. f SE ng./Tissue f SE 


Submaxillary glands 9 Control Male 4320 f 330' 686 f 361d 192 f 28b 31 f 5' 
9 IS0  1610 f 1654c 527 f 63' 226 f 2 9 O  75 f 9 4 b  
7 Control Female 1690 f 9Yd 270 f 194d 105 f 17b 17 f 3" 
8 IS0 1170 f 9 9 s c  442 f 2 9 4  99 f 23c 38 f 1W 


Parotid glands 9 Control Male 1270 f 1204~ 141 f 74e 120 f 12 14 st 1 4  


9 IS0  238 & 21' 82 f 54 142 f 25 50 f 8' 
i Control Female 827 f 5 3 4 ~  86 f 1 9  120 * 10' 12 1 4  
8 I S 0  173 f 44' 91 f 17 87 f 5 3  54 f 8 4  


Heart 9 Control Male 545 f 59 65 f 6 65 f 12* 8 * 2  
9 IS0 467 f 37 74 f 6c 25 f 5' 4 f  I 
7 Control Female 492 f 37 76 f 12' 72 f 17 10 f 2 
8 IS0 556 zt 49 1 1 5  f 48 f 16 10 f 3 


p < 0.02 
p < 0.01 


; p < 0.05 
r test in nonpaired experiments (29), control male to 
control female or treated male to treated female. i 1 p < 0.05 1 


* p < 0.02 r test in nonpaired experiments (29). 
control to treated of the same sex. 


J p  < 0.001 


female mice. Chronic isoproterenol treatment doubled the total 
epinephrine content (nanograms per glands) of the submaxillary 
glands of both sexes. 


The cardiac norepinephrine concentration was not significantly 
different in control and isoproterenol-treated mice of the same sex 
nor in control animals of opposite sexes. However, treated female 
mice showed a significantly higher norepinephrine content of the 
heart than the female controls and the treated males (Table 111). 
In male mice, chronic isoproterenol treatment reduced the cardiac 
epinephrine concentration. 


The brainstem norepinephrine and epinephrine of male mice 
were not altered by chronic isoproterenol treatment. Chronic treat- 
ment of female mice, in which the catecholamines of the whole 
brain were measured, resulted in an increase in norepinephrine 
concentration (127% of control value; p < 0.05). No change in 
the brainstem epinephrine concentration was noted. The adrenal 
norepinephrine concentration of chronically treated female mice 
showed a mean increase to 164%; this was statistically nonsignifi- 
cant. The adrenal epinephrine concentration was not altered. The 
adrenal catecholamines of control and treated male mice were not 
measured. Concentrations of norepinephrine and epinephrine in 
spleen, intestines, and kidneys were similar to those of control 
animals. 


Other Observations-After the first few doses, the mice of both 
sexes were less active than the control animals for approximately 
60-90 min. following administration of isoproterenol. There was 
little or no salivation. Continuation of the treatment accentuated 
the depression and salivation became marked. Rarification of fur 
and hair loss, resulting in bald areas, were also noted. The number 
of pups per litter produced by the chronically treated dams was 
similar to the litter sizes of controls. The body weights, the gross 
appearance. and the wet weights of the organs and tissues of pups 
from isoproterenol-treated dams were not different from those of 
control animals when examined on the 3rd postnatal day. 


DISCUSSION 


The histopathological and biochemical effects of isoproterenol 
on the peripheral tissues of mice have not been explored to the same 
extent as in the rat. The weight increases of the submaxillary and 
parotid glands of mice were similar to those reported in rats (3, 
5, 13, 14). According to Brown-Grant (Il) ,  large doses (30 and 40 
mg./100 g.) in mice produced hypertrophy but no hyperplasia of 
submaxillary and parotid glands. Baserga (12) found a 10-fold in- 
crease in DNA synthesis and stimulation in cell proliferation in 
submaxillary glands of mice after treatment. It is not known whether 
isoproterenol treatment produces histopathological lesions in the 
mouse heart comparable to those observed in the rat. In the current 
study, an increase in the wet weight of the heart was demonstrated 
in male mice only. This increase, expressed as the ratio of the tissue 
weight to the body weight, amounted to 138 of the control value 
( p  < 0.001). In rats treated chronically with 10-15 mg./kg. iso- 
proterenol twice a day, the ratio increased in male and female ani- 
mals (145.2 and 147.5%, respectively, of control values) (13). 


A similar pattern of hypothermic and hyperthermic responses 
following single and repeated doses of isoproterenol, as Seen in the 
current study with mice, has also been noted in rats (13, 19). In 
both species, chronic treatment for longer than 10 days was re- 
quired before a maximum hyperthermic response (increase of 2-3 ") 
was reached. In the group of male mice, no temperature measure- 
ments were made. However, isoproterenol treatment affected the 
rectal temperature similarly in male and female rats (13). 


A smaller, single dose, 2.5 mg./kg., did not produce hypothermia 
(Table 11). From the data obtained in the current study with mice 
and in another study with rats (19), one may conclude that the 
effect of a single dose of isoproterenol on the rectal temperature is 
dose related. As shown by Brittain and Handley (20), the intra- 
cerebral injection of isoproterenol resulted in an increase in eso- 
phageal temperature with small doses, 5-20 mcg./mouse. and a 
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decrease with a larger dose, 200 mcg./mouse. These authors sug- 
gested that the adrenergic a-receptor is involved in the hypothermic 
response and that the adrenergic 8-receptor is involved in the hyper- 
thermic response. Feldberg and Myers (21) postulated that hypo- 
thermia is the result of centrally released norepinephrine. Evidence 
for and against this proposed mechanism is available. For instance, 
reduction of central norepinephrine antagonized the dhydroxy- 
dopamine-induced hypothermia in the cold (22) but not a t  room 
temperature (23). 


In the rat the cardiac norepinephrine concentration and content 
were significantly reduced after acute and short-term isoproterenol 
treatment (14,24,25). Mueller and Axelrod (25) presented evidence 
indicating that the reduction of the cardiac norepinephrine may be 
due to a storage defect. The nerve endings of the heart responded 
with a normal uptake but showed a decreased capacity to retain 
labeled norepinephrine. These authors linked the storage defect 
to an imbalance of the cardiac electrolytes, particularly sodium. 
An increase in sympathetic activity is believed to contribute to the 
decreased cardiac norepinephrine level. 


After chronic isoproterenol treatment of rats only the norepine- 
phrine concentration-not the total content of the heart-was 
significantly decreased (13). The fact that the cardiac norepine- 
phrine concentrations in mice were not affected by chronic iso- 
proterenol treatment, even though there was an increase in the 
heart weight of male mice, might indicate differences in species, 
sex, and/or long-term treatment ( > I  month) to the effects of the 
drug that require further study. The statistically significant in- 
crease in the cardiac norepinephrine content in female treated mice 
(Table Ill) complicated the interpretation of the data even more in 
regard to the state of endogenous norepinephrine after chronic and 
short-term isoproterenol treatment. 


It is not known whether a similar mechanism, as postulated by 
Mueller and Axelrod (25). may be responsible for the norepine- 
phrine reduction found in the submaxillary and parotid glands 
after isoproterenol treatment. With certain dose regimens in rats, 
the extent of the reduction of the norepinephrine concentrations 
in these glands was similar to that in the heart, but the effect on the 
norepinephrine content of the glands by acute and short-term iso- 
proterenol treatment was statistically nonsignificant (14). How- 
ever, in chronically treated male mice the norepinephrine content 
of the submaxillary and parotid glands was reduced ( p  < 0.05 and 
0.001, respectively), while in treated female mice the norepinephrine 
content of the submaxillary glands was elevated and no change was 
noted in parotid glands. 


The lethargy observed with mice in the present studies and with 
rats (13) following isoproterenol treatment may have been described 
previously. Bertaccini et al. (2) reported prostration in rats after the 
administration of 400 mg./kg. of isoproterenol for 12 days. Fukuda 
(26) used the same term to describe the effect produced in rats by 
5 mg./kg. administered once a day  for 14 days. In Fukuda’s study 
the prostration apparently occurred with the first dose and did not 
become more marked with subsequent dosing. In the present studies 
the lethargy following the first dose of isoproterenol was not as 
severe as that seen after repeated doses, particularly with long-term 
chronic treatment, and was not as pronounced in mice as in rats. 
However, the mice received only 5 mg./kg. while the rats received 
15 mg./kg. (13). The rarification of the fur was less marked in the 
chronically treated mice than in the rats (13, 19). This also might 
have been due to the smaller dose administered chronically to the 
mice. 


Five of the 17 female mice died in the course of the chronic treat- 
ment. Compared to the acute intraperitoneal LDw in female Swiss 
Webster mice (250 mg./kg. ; 95 CL 221-283 ; mice were observed 
for I week; death occurred within 18 hr.‘), the dose of 5 mg./kg. 
used in these studies is very low. No deaths occurred in the group 
of 16 male mice treated with isoproterenol. According to Barka 
(27). male rats were more sensitive than female animals to the 
lethal effect of a three-dose course of intraperitoneally injected 
isoproterenol. 


According to Geber (9), single doses of isoproterenol(O.003-34.8 
mg./kg.) administered subcutaneously to pregnant hamsters on the 
8th day of gestation produced a variety of anomalies and the per- 


4 Dr. H. G. Schoepke, Abbott Laboratories, Inc.. personal com- 
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centages of dead, resorbed, and runt fetuses were inmased over 
those in control litters. Vogin et al. (28) exposed pregnant rats and 
rabbits to isoproterenol aerosol to provide daily dosage levels of 
150-450 mcg./kg. There was no evidence of teratologic effects due 
to the drug or the methodology. The. present study in mice supports 
the observations reported by Vogin et al., since no gross abnormali- 
ties were found in neonatal mice and their organs and tissues. How- 
ever, histopathological lesions cannot be ruled out. The tissues of 
the neonatal animals were not examined histologically. 
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Calculating Rate Constants in Forward 
Drug Transfer Reactions 


WILLIAM 0. THOMPSON. and SAMUEL T. CHRISTIAN* 


Abstract 0 A simple method for obtaining and processing drug 
transfer data derived from in cirro model cells such as the Schulman 
cell is presented. Simplified calculation procedures are developed 
for determining the rate constants that describe the transfer of the 
drug through the compartments. Transfer of the acidic drug salicylic 
acid from a pH 2.0 compartment through a lipid phase to a pH 
7.4 compartment was utilized as the test system and example for 
the method. Theoretical uersus experimental transfer curves are 
presented, along with statistical considerations for data of this 
type. 
Keyphrasea 0 Rate constants-calculations and equations for 
forward drug transfer reactions, Schulman cell, salicylic acid 0 
Drug transfer (forward) reactions-calculations and equations for 
rate constants, Schulman cell, salicylic acid D Schulman all- 
calculations and equations for rate constants in forward drug 
transfer reactions, salicylic acid 


In the area of pharmacokinetics and in the study of 
drug absorption, the use of in oitro or idealized model 
systems has become increasingly popular for simulation 
of in oioo transport, even with the deficiencies and cau- 
tions pointed out by Higuchi et al. (1) in extrapolating 
this type of data to in oioo situations. There are many 
situations arising in which an understanding of the 
factors influencing solute transport rates is of great 
importance in the design of new drugs with improved 
therapeutic properties. These studies appear to have 
particularly useful implications when one is dealing 
with a diffusion-limited, weakly acidic or weakly basic 
drug in which the transport can be regarded as two 
consecutive first-order reactions. 


An investigator using these techniques would find 
useful a simplified and rapid method of calculation, 
particularly when measurement output is a continuous 
graph of concentration u e r w  time such as is produced 
by continuous monitoring by means of flow cells in a 
recording spectrophotometer. In approaching this prob- 
lem, we were surprised to find a general lack of statistical 
evaluation of the various kinetic parameters associated 
with the diffusion-limited transport investigated using 
the so-called Schulman cell (2, 3) or similar device (4). 
The general absence of these data very likely reflects 
the long periods of time required for a single experi- 
ment to be completed, the wide variability of constants 
derived from a given set of experiments, and the dif- 
ficulty of obtaining the constants. The purposes of this 
study were: (a) to develop a simple method of calcula- 
tion for the rate parameters from a plot of concentra- 
tion u e r w  time generated from a continuous monitoring 
system, and (b) to demonstrate the method with an 
example. 


ki  kr 
A + B + C  


Scheme 1 


Table I-Statistical Evaluation of Rate Constants for the 
Salicylic Acid System 


Run 
N W -  


ber 


1 
2 
3 
4 
5 
6 
Arithmetic mean 
Standard deviation 
95 Z Contldence 


interval 


Calculated kl 


0.9815 
0.8322 
0.9547 
1.0102 
0.8804 
0.9176 
0.9294 
0.0603 


0.8659 < kl < 
0.9929 


Calculated k1 


0.6617 
0.5958 
0.6497 
0.5856 
0.5242 
0.4707 
0.5812 
0.0669 


0.5177 < kr < 
0.6447 


THEORETICAL 


A drug transfer process that can be regarded as two consecutive 
first-order reactions may be described as shown in Scheme I, where 
A, B, and C are used for A(t), Nt) ,  and at), the concentrations of 
salicylic acid in compartments A, B, and C, respectively, a t  time 
t ,  as shown in Scheme 11. Let VA, VB, and VC equal the fluid vol- 
ume in each of the three compartments. The three differential equa- 
tions governing these first-order reactions are: 


(Es. 1) 


dB = klAV4 - krBVB 
vB 2i (Es. 2) 


VC - ~ B V B  tm. 3) 


Initial conditions are set so that salicylic acid is only found in 
compartment A; thus, a t  time t = 0, A(0) = A. and B(0) = C(0) = 
0. The solutions to Eqs. 1-3 as a function of time are as follows: 


R(t) = Aae-'1' (Eq. 4) 


(Es. 5) 


Since the data output from the system consists of a continuous 
plot of the drug concentration in the A and C chambers as a func- 
tion of time, as for example in Fig. 1, a convenient point for cal- 


B 


Scheme 11-Sketch of Schulman-type in vitro model cell 
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AOD-0.5 - FULL SCALE 
DWELL TIMER - 1 MINUTE 
INTERVALTIMER - 0 
RECORDER CHART- BAR 
CYCLE - CONTINUOUS 
RESPONSE TIME - 2 SECONDS 
CHART SPEED - I ~ / K ) Y I N U T E S  


UO 90 60 
MINUTES 


culation purposes is the point at which the concentration of drug 
in the A and C chambers is equal. If one designates the time at  
which this equilibrium occurs as the crossing time (t i) ,  then at  
rz, A(tr)  = C(t.) = u, where a isa constant. It then follows from Eq. 
4 that: 


(Es. 7) In AO - In a 
ti kl = 


where In A.  is the natural (base e) logarithm function. 
Also, since A((%) = C(ri), equating Eqs. 4 and 6 a t  time ti yields: 


Substituting for kl the solution from Eq. 7 into Eq. 8 and solving in 
terms of kr, one has: 


ak, + ge-t't= + y - 0 (Eq. 9)  


where : 


(Es. 11) 


and: 


Y = VAkl - [Vck~a/Aol (Eq. 12) 


Equation 9 may be easily solved iteratively since the left-hand 
side, when considered as a function of 4, i.e..f(k*), is strictly mono- 
tonically increasing for all k: > 0. Furthermore, a t  k, = 0: 


f(0) B + Y = -VckdAo < 0 (m. 13) 


Therefore, the function f(kl) is always negative at zero. Thus, if a 
particular trial value kt* producesf(&**) < 0, k,* must be increased; 
if f(kt*) > 0, kt* must be decreased. For programming on a digital 
computer, the initial k2 can be taken to be zero and then succes- 
sively increased until f(k,) changes sign. 


DISCUSSION 


The solutions to Eqs. 7 and 13 for kl and kn were programmed on a 


- 0.40 


- 0.35 


Figure 1 - A c t d  IV- 
corded dota for a typical 


.O*M t M e r  run. ~ o n d i ~ o n r  
am indicated in the jigurn 
insert. T. indicates the . 0.25 g time at which the salicylic 


L acid concentmtions in the 
2 A a ~ ~ d C c l r o m b c r s a m  


segment on the time axis 
u represents the blank f i w  


cell containing pH 2.0 
buffer only. The starting 
salicylic acid concentm- 
tion was 18.3 mcg.lml. 


* 0.20; qd. The lreoDy line 


. o,15 


' &the Achamber. 


' 0.05 


laboratory-type digital computer 1. Output from the computer was 
obtained both as a printout of kl and kl and as a plot of drug con- 
centration in chambers A, B, and C Dersus time. This allows a 
direct comparison of the calculated (or theoretical) concentrations 
in A and C as a function of time and the concentration in A and C 
determined experimentally. This method has the added advantage 
of allowing the investigator to see quickly how close the experi- 
mental system approximates simple first-order kinetics. 
As an example of the method, salicylic acid was transported 


from the A chamber (pH 2.0) through a layer of 20x decanol in 
cyclohexane (v/v) saturated with pH 2.0 buffer to the C chambex 
(pH 7.4). A continuous recording of the concentration in the A 
and C chambers was done with flow cells read by a recording 
spectrophotometer. A photograph of the data appears in Fig. 1. 
Points taken from the graph in Fig. 1 were plotted on Fig. 2, and 
the smooth lines were generated by a computer using the constants 
derived from the data of Fig. 1. As is evident from Fig. 2, transport 
seems to follow the model of two consecutive first-order reactions 
very well. 


The- concentration of salicylic acid in the B layer as a function of 
time is included in the figure, although this layer was not monitored. 


After establishing the validity and convenience of the method. six 
independent runs were made on six different days to evaluate the 
statistical day by day variability of the rate constants. The results 
of these. runs are shown in Table I. On each individual run, theo- 
retical and empirical curves matched at  least as well as those in 
Fig. 2, so the variabilty is between day to day determinations. Since 
errors are eliminated on a particular day once this system is in 
progress, it must be concluded that the between run variability is 
caused by random errors which are other than the more usual 
measurement variations. Variability in such systems becomes critical 
when one is comparing the transport properties of a closely related 
homologous series of compounds; for this reason, these data are 
presented. It is evident that comparisons from single determinations 
on different compounds with closely related rate constants must be 
made with extreme caution, especially if measurement variability is 
also introduced. The estimates of variability in these data can be 
used to provide future experimenters with a means of establishing 
appropriate sample sizes to detect specified differences with statis- 
tical confidence. The correlation coefficient r 5 0.6124 between kl 
and kr is significant with 80% confidence on only six runs, which 
suggests a future area of research. 


l Digital Equipment PDP-12. 
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The original intention was to utilize methods of calculation 
already present in the literature (5).  However, by using the inte- 
grated rate equations which were reported as describing the forward 
transfer of an acidic drug, it was found that these equations did not 
describe the actual transfer process. It was then determined that the 
equations (5) do not satisfy the differential equations for the trans- 
fer process and hence are invalid. 
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Analog Computer Program for Simulating 
Variable Dosing Regimens 


L. KIRSCHNER’, T. H. SIMON, and C. E. RASMUSSEN 


Abstract Based on a single-compartment model, an analog 
computer program was developed which utilizes both analog and 
logic components of a general-purpose hybrid computer. The 
program permits the simulation of the blood and urine levels that 
would be obtained following the administration of an  initial dose 
followed by a series of additional doses. The magnitude of the doses, 
as well as the time period between doses, may be varied inde- 
pendently. The program can be used to aid the formulator in 
establishing the amount of drug that should be released during 
selected time periods from a timed-release dosage form to provide 
uniform blood levels. 


Key phrases 0 Computer program, analog-simulation of variable 
dosing regimens 0 Simulation of variable dosing regimens- 
analog computer program 0 Timed-release dosage formulation- 
use of computer simulated blood and urine levels c] Dosing regi- 
mens, variable-simulation of blood and urine levels 


The use of the analog computer for simulating 
drug distribution in the body has been widely ac- 
cepted (1-5). Many of the reported analog computer 
programs have been limited to  simulating drug levels 
after single-dose administration (6-14). Several authors 
have reported simulations based on multiple-dose 
administrations that were achieved by either digital 
computer techniques ( 1  5-17) or manual manipulation 
of analog computer components (18--21). At ‘best, the 
manual methods are cumbersome and there is a pos- 
sible loss of accuracy due to time-dependent manual 
manipulation. In addition, digital computer simulation 
does not permit the instantaneous observation of the 
effect of parameter modification on the drug level in a 
particular compartment. 


This paper discusses how digital logic components 
(22 ) ,  which have recently been made available as an 
integral part of general-purpose analog computers, can 


be used in the simulation of variable dose sequencing 
regimens. Such components permit manipulation, in 
microseconds, of operations that were previously per- 
formed manually. With the aid of the logic compo- 
nents, programs can be prepared that change parameter 
values automatically and make decisions based on either 
timing considerations or other arbitrary conditions 
inherent in the problem to  be simulated. 


The flexible analog computer program described 
here permits the simulation of a variety of dosing regi- 
mens and has many applications in pharmacokinetic 
research. It has the feature of simulating the administra- 
tion of an initial dose followed by a sequence of doses 
of variable size where the time periods between the 
administration of doses may be varied independently. 


EXPERIMENTAL 


The program is based on the single-compartment model: 
k. k-1 


G - B - U  (Eq.  1) 


where C = amount of drug in the gut, B = amount of drug in the 
blood, U = cumulative urinary excretion level, k ,  = first-order 
rate constant of absorption, and k,, = first-order rate constant of 
excretion. 


The model is described by the following differential equations: 


dG - = -k,G 
dt 


dt 


0%. 20) 


(Eq. 26) dB - = k,G - k,lB 


= kelB dt 


Although the single-compartment model was chosen for demon- 
stration purposes, the program can be easily modified to represent 
almost any pharmacokinetic model. 


Vol. 62, No. I ,  January 1973 117 







Table I-Key to Analog Computation Symbologya 


Component Symbol Remarks 


Potentiometer 


Inverter 


Summer 


Integrator 


Comparator 


Logic inverter 


Electronic switch 


K 


-(X+Y) 


L c\ f, 
Y 


AND gate 


a 


Flip-flop 


a l R e s e t  


General-purpose register 


Function relay 


high.if (X + Y) = positive 
=low d (X + Y) = negative 


X if L = high 
= O i f L  = low 


X Set - 
V - = Y if switch is Reset 


X if switch is Set 


u 
Reset - 
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Table I-(Continued) 


Component Symbol Remarks 


S Y N  


Synch UNSYNCH SYNCH in accordance with an internal timer 
Synchronizes asynchronous events 


Differentiator 


Logic push button 


Operate bus line 


IC bus line 


Output is a pulse of 1-psec. duration 
when input changes from low to high 


D R  


high if PB is Set 
= low if PB is Reset 


U 


= high if computer is operating 
low if computer is in IC 


OP 
n L ~ 


low if computer is operating 
high if computer is in IC L =  


IC 


0 X, Y, and Z are analog signals; a. b, and L are logic signals. 


The analog computer1 program (Fig. 1 and Table I) can be visual- 
ized as being divided into three interdependent subprograms: timing, 
switching, and analog simulation. The basic portion is the analog 
simulation subprogram, which solves the differential equations 
describing the pharmacokinetic model. For the analog computer 
program to simulate the administration of a variable dose regimen, 
doses must be introduced into the analog simulation subprogram at 
preselected time intervals. The program section that causes doses 
to be entered into the analog simulation portion will be called the 
switching subprogram, and the program portion that controls the 
time at which these doses are switched into the analog subprogram 
will be called the timing subprogram. The key aspect of the program 
is the simulation of drug disposition in the gut compartment after 
the administration of repetitive doses. Since doses may only be 
added to integrators in the initial conditions (IC) mode, the simula- 
tion is accomplished by using two integrators operating in tandem 
to follow the amount of drug present in the gut. The modes of the 
two integrators are complementary when the program is operating; 
when a new dose is being added to one integrator, which is in the 
IC mode, the other integrator is integrating the previous dose. 
A more detailed description of the operations of the three sub- 
programs follows. 


Timing Subprogram-The timing subprogram is used to control 
the time at which the individual doses are switched into the analog 
simulation and to synchronize the operations of the switching and 
analog subprograms. To accomplish these tasks, the timing sub- 
program generates repetitive logic signals of variable frequency. 


The timing subprogram functions as a triangular and square 
wave oscillator where the comparator, by switching, controls its 
own bias voltage. The triangular wave is the output of integrator 
14, and the square wave is the output of the comparator. The 
frequency of oscillation is controlled by the gain of integrator 14. 
Examples of the outputs of the comparator and integrator 14 are 
illustrated in Fig. 2. 


At time zero, the program is in the IC mode and the logic signal 
from the IC bus line is high2, while the logic signal from the op- 
erate (OP) bus line and the output of AND gate 9 are low and the 
electronic digital/analog (D/A) switch 1 is open. The outputs of 


1 An Electronic Associates Inc., fully ,expanded, 380 analog/hybrid 
computing system, equipped with a s e r m  1140 Variplottcr recorder, 
was used throughout. * “High” denotes a logic signal of + 5  v. “Low” denotes a logic sig- 
nal of 0 v. 


summer 13 and integrator 14 have values of - 1 .O machine unit3, 
so the output of the comparator is low. 


When the program is put into OP, the logic level of the OP bus 
line goes high, the logic level of the IC bus line goes low, and the 
states of the comparator, AND gate 9, and D/A switch 1 remain 
unchanged. The output of summer 13 remains at  - 1 .O mu while 
integrator 14 integrates from -1.0 to +1.0 mu in time 2T at the 
rate of 1/T, where Tis the time required for integrator 14 to integrate 
from 0.0 to +1.0 mu. When the output of integrator 14 attains a 
value of +1.0 mu, the negative bias on the comparator is over- 
come, forcing the output of the comparator high. The change of 
state of the comparator drives the output of AND gate 9 high, 
which closes D/A switch 1 .  The output of summer 13 changes from 
-1.0 to +1.0 mu; therefore, integrator 14 integrates from 4-1.0 
to -1.0 mu during the time period from 2T to 4T. At time 4T, 
the cycle repeats itself. The output of integrator 14 is a triangular 
wave of period 4T, and the output of the comparator is a square 
wave which is low from OT to 2T and is high from 2T to 4T. The 
square wave output of the comparator is routed to the differentiator 
in the switching subprogram and to AND gates 10 and 11 ,  which 
control the modes of integrators 1 and 2 in the analog subprogram. 


Switching Subprogram-The switching subprogram controls the 
administration of the doses so that only the dose desired is switched 
into the analog subprogram. In operation, it accepts timing pulses 
from the timing subprogram and switches the selected dose, which 
is set on a potentiometer, so that the dose is routed to integrator 1 
in the analog subprogram. 


The values of the doses are set on potentiometers (pots) 7-11, 
which are connected to amplifier 12 through D/A switches con- 
trolled by logic signals. A D/A switch is open when the gate is 
logic low and is closed when the gate is logic high. To control the 
switching of the doses by the timing subprogram, the output of the 
comparator is put through a differentiator (DIF). The output of the 
DIF is a pulse of 1-psec. duration when its input signal changes 
from low to high. Therefore, for each period of the comparator, 
one pulse is generated by the DIF. 


The general-purpose register (GPR) counts pulses and its com- 
bined output, in this case a souping of four logic levels, can be 
used to designate a number in binary form. The AND gates 2-7 are 
used to decode specific binary numbers, and their outputs go high 
when the number they are programmed to detect is loaded in the 


3 One machine unit equals 10 v. and is designated mu. 
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Figure 1-Anulog computer program. 


GPR. When the output of one of these AND gates goes high, the 
appropriate D/A switch is closed and the corresponding dose is 
routed through amplifiers 12 and 11 to  the IC input of integrator 1 
in the analog subprogram. Dose 1 (Dl), which is set on pot 7, 
is connected when either the computer is in the IC mode or the 
output of AND gate 2 is high. 


The GPR is programmed to clear whenever the computer is in 
the IC mode or AND gate 2 is high. Thus, the cycle of dose ad- 
ministrations is automatically repeated. The repetitive dosing 
feature of the program can be eliminated by manually depressing 
a push button (PB) causing a logic level high to be transmitted to 
AND gate 8. If the PB is high, D/A switch 7 opens after dose 5 is 
administered, disconnecting all of the doses from the analog por- 
tion of the program. However, if the output of the PB is low, the 
sequence of doses is repeated when the number loaded into the 
GPR equals the value set on AND gate 2. For single-dose adminis- 
tration, the function relay (FR) switch is opened, disconnecting 
doses 2-5. 


HIGH - 
LOW - 


I 
0 4r ar 12J 16T 20r 


TIME 


Figure 2-Titniiig diugrcini showing the oiriput oj’componenis in the 
timing srhprogranr. Curoes a ond b reprt’sent ilze outputs of [lie coni- 
pamtor ond inregrutor 14 ioith t ime .  TJie rolire of T is uariable and is 
equal to the time needed ,for inlegrutor 14 to integrate from 0 to 
+I.O mu. 


+* 


Time Ramp 


Analog Subprogram-The differential equations, which describe 
the pharmacokinetic model, are solved by the analog subprogram. 
Values for initial conditions can only be set on integrators when they 
are in the IC mode. To simulate the administration of multiple 
doses, the gut integrator is returned to  the IC mode each time a 
dose is given while the remaining integrators are operating. If only 
a single integrator was used to  simulate the disposition of the drug 
in the gut, and if the new dose was entered into the gut integrator 
before the previous dose had been completely dissipated, then the 
amount of drug remaining in the gut would be lost from the simula- 
tion a t  the instant the integrator went into the IC mode. To prevent 
such losses, a two-integrator system was developed, where inte- 
grators 1 and 2 simulate the disposition of the drug in the gut. The 
integrators act in tandem and are in complementary modes (when 
one integrator is in the IC mode, the other integrator is in the OP 


0 
I I 


6 12 
HOURS 


1% 


Figure 3-Projected blood l e d  curce from N single 50.0-nig. nd- 
mitiistrutiori of’ the I~ypotlieiiraI drug (k ,  = 2.0 hr.-l, kei = 0.30 
hr.-’). 
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Table 11-Pharmacokinetic Parameters 


Parameter Value 


Dose 50.0 mg. 
k a  2.00 hr.-1 
ke I 0.30 hr .7  


mode) a t  all times, except when the computer is in the IC mode. 
The two integrators are interconnected so that the output of one 


integrator is the IC input of the other. When an integrator is in 
the IC mode, its output is equal to its IC input; therefore, if its IC 
input is a changing value, the integrator tracks this value. Amplifier 
1 1  sums the new dose and any residual drug that is left in the gut and 
its output is connected to the IC input of integrator 1. When inte- 
grator 1 is in the IC mode, its output is equal to the sum of [GI 
plus the new dose; when it goes into the OP mode, it integrates from 
that value. When integrator 1 goes into the OP mode, integrator 2 
goes into the IC mode and tracks the output of inteqrator 1. When 
either integrator is in the IC mode, the value of the amount of drug 
remaining in the gut is being tracked, so this value is never lost. 


The modes of integrators I and 2 are controlled by AND gates 
10 and 1 1  which, in turn, are controlled by the output of the com- 
parator. When the program is in the IC mode, both integrators are 
in IC. At this time the outputs of both integrators equal the value 
of dose 1 .  When the program is put into the OP mode, integrator 1 
goes into OP and integrator 2 remains in IC. The output of inte- 
grator 1 is the value of the amount of drug in the gut, [GI, and since 
integrator 2 tracks the output of integrator 1, its output is also 
equal to [GI. At time 2T, integrator 1 goes into IC and integrator 2 
goes into OP. Integrator 2 integrates from the last value of [GI, 
while the output of integrator 1 becomes [GI plus the value of dose 
2. At time 4T, integrator 1 goes into OP and integrator 2 into IC 
and the cycle is repeated. The value of the output of integrator 2 is 
always equal to [GI, the amount of drug in the gut. 


As stated previously, the single-compartment model was used 
only for demonstration purposes. Almost any pharmacokinetic 
model can be programmed utilizing the “two integrator” system. 


RESULTS AND DISCUSSION 


Once kinetic parameters have been, determined from an im- 
mediate-release dosage form, the variable dose program can be 
used to project blood and urine levels for various pharmacokinetic 
problems. Additio’nally, it would not be difficult to proceed to a 
more complex model since the subprograms that control the ad- 
ministration of doses, namely the timing and switching subpro- 
grams, are model independent. 


For demonstration purposes, a hypothetical situation based on 
the single-compartment model will be used to illustrate one applica- 
tion of this prograq. The situation selected is one where it is de- 
sired to formulate a timed-release dosage form and where the single- 
compartment pharmacokinetic constant$ have been previously 
determined (in this case they will be arbitrarily assigned); The goal 
is to determine wbat the release pattern of the active from the dosage 
form should be so that the most uniform blood level above the 
therapeutic level is produced. The assumption made is that the drug 
is released in bursts (at periodic intervals, portions of the drug are 
released instant peously). 


The arbitrarly selected pharmacokinetic parameters (Table 11) 
describe the distribution of a 50-mg. immediate-release dose of a 
drug with rapid absorption and moderately fast elimination. As 
illustrated in Fig. 3, the drug is eliminate# rapidly from the body, 
making it a good candidate for a timed-release preparation. 


Assuming it is desired to formulate a 150-mg. product that would 
maintain therapeutic and uniform blood levels for 12 hr., the 
variable dose program can be used to predict the amount of drug 
that should be released from a timed-release formulation at given 
periods. For this situation, one can simulate bursts of drug being 
released at the beginning of each time interval. Since both the 
amount of drug administered and the interval between administra- 
tions can be controlled, the optimized blood level curve can be 
rapidly obtaincd. The effect of manipulating the sizes of the doses 
and the time interval between doses may be visualized directly on 
either an oscilloscope or a graphic plotter. To predict the“stacking” 
effect, the program was designed so that the sequence of dose 


I I 


0 12 24 36 
HOURS 


Figure 4-Projected blood level curve depicting rhe timing sequence 
that produced the most uniform blood level curve (k,, = 2.0 hr.-I, 
k,l = 0.30 hr.-l) .  The adminisiration of doses is as follows: 60.0, 
25.0, 25.0, 25.0, and 15.0 mg. at  0 ,  2, 4 ,  6, and 8 hr., respectively. 
The regimen was repeated every I 2  hr. 


administrations may be repeated continually. The results of these 
trials, including the repeated dose sequences, and the selected dose 
regimen are shown in Fig. 4. Since the basic assumption in this 
case was that the dose is released in bursts a t  these time intervals, 
it would be suggested that the formulator prepare an oral dosage 
form that would provide an in uitro release pattern in accordance 
with this regimen. 
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Heparin is a mucopolysaccharide composed of 
partially sulfated units of a-D-ducuronic acid and 2- 
amino-2-deoxy-a-~-glucose joined by 1 + 4 bonds. It 
is mainly noted for its anticoagulant activity in the 
treatment of myocardial infarction, but it is also an 
antilipemic agent. Heparin is thought to originate in 
the mast cells of connective tissue and is found in beef, 
hog, and dog livers; beef muscle, adipose tissue, and 
spleen; hog mucin and alimentary canal; skin of rats; 
fish plasma; sea clams; and scales of carp. 


Since its discovery in 1916 by McLean, many studies 
have been made on its chemical structure and pharma- 
cology, but progress has been much slower in the eluci- 
dation of the macromolecular properties of the poly- 
saccharide, particularly the relationship of physical 
parameters to its biological action. 


The early history, chemistry, and clinical applications 
of heparin were described by Jorpes ( I ) ,  Whistler and 
Smart (2), Foster and Huggard (3), and Stacey and 
Barber (4). Some general accounts of the mucopoly- 
saccharides and heparin were later written by Blonde 
(5 ) ,  Brimacombe and Webber (6),  Whistler and Rowel1 
(7), Engelberg (8), Meyer (9), and Jeanloz (10). 


Relative to physicochemical aspects of heparin, it 
exhibits typical polyelectrolyte behavior in  aqueous 
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solution due to its high negative charge. Accordingly, 
physicochemical measurements are sensitive to ionic 
strength and pH. Heparin is polydispersed and molec- 
ular weights from 6OOO to 20,000 have been reported. 
Physicochemical properties in relation to blood anti- 
coagulation are discussed later in this review. 


The purpose of this review is to furnish an up-to-date, 
comprehensive coverage of the many aspects of this 
extremely interesting and important drug. This review, 
although comprehensive, is not necessarily exhaustive. 
The literature search was carried up to May 1, 1972, 
and the main body of the review consists of information 
from the literature of the last decade. 


SOURCES AND ISOLATION OF HEPARIN 


Most of the heparin for pharmaceutical use is ex- 
tracted from bovine lung tissue. However, the literature 
contains many examples of heparin or heparin-like 
substances isolated from other sources. 


Marine life has yielded heparin-like materials with 
high blood anticoagulant activity. Thomas (1  1, 12) 
obtained such a substance from the common surf clam, 
Spisu/u solidissirnu, which might be chemically similar 
to heparin. Frommhagen el a / .  (13) extracted mactin- 
A and B from two species of clams, Mactra spissula and 
Artica islandica, which had a higher activity than 
heparin and a lower toxicity. Heparin was also found in 
the blood (14), liver ( 1 9 ,  and muscles (1  5) of fish. 


The skin of many animals has been claimed to be a 
source of heparin. Bollet el a/. (16) located it in the 
human dermis and subcutaneous tissue. Horner (17), 
in 1971, isolated heparin with a molecular weight of 
over 1 million from rat skin. Injured animal skin has 
yielded desulfated heparin ( 1  8). 


Heparin has been found in normal human serum in 
small amounts (19). Nilsson (20) described a method of 
extraction of an anticoagulant, probably heparin, from 
normal horse blood, which exhibited strong meta- 
chromasia. The data of Smith and Von Korff (21) indi- 
cate a heparin-precipitable complex of a fibrinogen-like 
protein closely combined with heparin which was found 
in human plasma. The origin of heparin in the blood 
may be the basophil cells, which are almost functionally 
identical with mast cells and might release small 
amounts of heparin into the plasma (22). On the other 
hand, Ringertz (23) found that heparin can be liberated 
from the mast cells by a number of agents that cause 
the disruption of these cells, but no Iicparin was de- 
tected in the blood. 


The kidney of the rat has yielded a heparin-like sub- 
stance (24). Allalouf el a/. (25) isolated this material 
and discovered that it acted similarly to heparin in 
anticoagulant activity (8 units/mg.), protamine antag- 
onism, and the recalcification test. The major com- 
ponent of the mucopolysaccharides extracted from this 
source was heparin (26). 


Healthy human liver was shown by Schmitz-Moor- 
man (27) to contain uronic acid mucoids consisting of 
approximately equal amounts of hyaluronic acid, 
chondroitin, chondroitin sulfate, and heparin. In cases 
of amyloidosis, the mucopolysaccharides of the amyloid 
liver were found to contain small amounts of heparin 


(28, 29), which was 60 times as much acidic mucopoly- 
saccharide content as in healthy liver (30). The capsule 
surrounding the ox liver was shown by Serafini-Fra- 
cassini et a/. (31) to contain heparin in single chains or 
as a protein-polysaccharide complex rather than as a 
multichain proteoglycan. The ox liver capsule also 
yielded a heparin-protein complex (32). 


Other sources of heparin include the aorta (33-39, 
the loin and ham muscles of the pig (36, 37), the sweat 
(38), the thyroid (16), and the heart (39). Heparin- 
related glycosaminoglycans also were isolated from the 
acid-soluble fraction of Chinese hamster fibroblasts 
(40), from HeLa L mouse embryo, and from rat em- 
bryo cells grown in culture medium in the presence of 
radioactive inorganic sulfate (41). 


The method of Charles and Scott (42), with modifica- 
tions, is used for most extractions of heparin. In  their 
technique the animal tissues are treated with alkali to 
remove proteins. Homan and Lens (43) did this removal 
by shaking with phenol. Jeanloz (44) reported other 
methods of heparin extraction involving enzymic deg- 
radation. Barlow et a/. (45) described a technique of 
isolating heparin from sheep, dog, beef, and hog tissues 
by selective fractionation with quaternary ammonium 
compounds. They claimed that the heparins were bio- 
logically, chemically, and physically similar. 


CHEMICAL STRUCTURE OF HEPARIN 


Many reviews have sections on the nomenclature and 
classification of the mucopolysaccharides (46, 47) and 
the chemistry of heparin (3,4,6,48-53). 


The elucidation of the structure of heparin has been 
concerned with the type of glycosidic linkage, the 
nature of the uronic acid component, the sulfur content 
and sulfamino group, the carboxyl and other groups, 
and the amount of branching. 


Cifonelli and Dorfman (54) showed that the major 
linkage in heparin is uronosyl 1 + 6 hexosamine, while 
that in heparitin sulfate is mostly 1 + 4. Durant el a/. 
(55) and Danishefsky and Steiner (56), on the other 
hand, found a 1 + 4 linkage also for heparin. This was 
confirm& by Wolfrom er a f .  (57), who also found that 
the configuration of the 2-amino-2-deoxy-~-glucuronic 
acid linkage is a-D. The possibility of some p-configura- 
tion might also exist (51, 58). Lloyd and Evans (59) 
reported a method of linkage analysis of heparin and 
related mucopolysaccharides by forming N-(Z,Cdinitro- 
phenyl) derivatives of de-N-acylated mucopolysac- 
charides, rather than affecting the labile sulfamino 
groups, by breaking acid-resistant 2-amino-2-deoxy- 
glycosidic bonds to achieve a graded depolymerization. 


The sulfur content of heparin has been shown to be 
associated with its anticoagulant activity (60). A method 
of determination of sulfur as sulfate is precipitation 
with barium (60, 61). Another technique, proposed by 
Braselmann (62), permits the determination of 0- 12 
mcg. of sulfate, with an error of +0.2 mcg., by heating 
the heparin sample with hydriodic acid, hypophosphor- 
ous acid, and hydrochloric acid to reduce sulfate to 
hydrogen sulfide. A rapid and sensitive method using 
GLC to analyze sulfate in mucopolysaccharides, in- 
cluding heparin, in micrograms was devised by Srini- 
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vasan et al. (63). This method was based on the ability 
of mineral acids to form stable salts with the muco- 
polysaccharides, which, after reaction with sodium 
hydroxide, liberate amines that are detected by GLC. 
Even more recently, Wessler (64) measured the sulfate 
content in less than a microgram of glycosaminoglycans 
with a method based on the fact that the electrophoretic 
mobility in 0.1 M HCI is proportional to the sulfate 
content. Hiyama et a / .  (65) indicated that the anti- 
coagulant activity of heparin is, in general, dependent 
on the degree of sulfation and the number and position 
of the 0-sulfate groups as well as the size of the skeletal 
polysaccharide molecule. 


Durant et al. ( 5 5 )  claimed that approximately one- 
eighth of the hexuronic acid units have no 0-sulfate 
groups. The evidence of the report by Wolfrom and 
Wang (66) establishes that the C-6 hydroxyl group of 
the 2-amino-2-deoxy-~-glucose unit of heparin is sul- 
fated. In a later work, Wolfrom et a / .  (67) definitively 
placed the two sulfate groups (per tetrasaccharide unit) 
on C-6 of the 2-amino-2-deoxy-D-glucose residues and 
demonstrated that D-glucuronic acid residues are not 
sulfated. Danishefsky et a/. (68) investigated the posi- 
tion of the sulfate groups by methylation procedures, 
and they concluded that about one-third of the glu- 
curonic acid moieties in heparin are sulfated on C-2 
whereas the rest are not sulfated. Additionally, most of 
the glucosamine is sulfated on C-6, but nonsulfated 
glucosamine units and 3,6-di-0-sulfoglucosamine units 
are also present in small proportions. Helbert and 
Marini (69), on the basis of elemental analysis and 
titration studies, found that not all of the sulfate forms 
an integral part of the heparin molecule but it may be 
closely associated with it. 


The extent of carboxylation may be important in the 
anticoagulant activity of heparin, as reported by Stivala 
and Liberti (70) based on copper binding studies. It is 
possible to convert the carboxyl groups of heparin and 
other mucopolysaccharides into substitution acids of 
amino acids (7 1). These were obtained with glycine 
methyl dster, phenylalanine methyl ester, and alanine 
amide. 


Heparin is usually considered to be an extended 
linear molecule. Some authors, however, such as 
Freeman (72) and Bettleheim (51), still believe in the 
possibility of a branched structure. 


The question of whether heparin contains acetyl 
groups is still unsettled. Rhadhakrishnamurthy et a/ .  
(73) found varying amounts of acetyl groups in heparin 
samples from various sources. The presence of these 
groups might be due to the presence of heparitin sul- 
fate, as shown by NMR studies (74). 


It was concluded by chemical means that D-glucuronic 
acid is the chief uronic acid component of heparin 
(75, 76). Wolfrom et a/. (77) isolated L-iduronic from 
heparin by a periodate oxidation study. Perlin el al. 
(78-80) showed with NMR spectra that heparin con- 
tains a substantial proportion (perhaps one-third or 
more) of L-idopyranosyluronic residues, in addition to 
the D-g~ucosy~uronic acid and 2-amino-2-deoxy-D- 
glucose units. Lindahl and Axelsson (81), through a 
nitrous oxide degradation of heparin and separation by 
gel permeation and paper electrophoresis, found that 


almost all of the uronic acid present in certain fractions 
was iduronic acid. Rhadhakrishnamurthy et al. (82) 
investigated the nature of the uronic acid by the use of 
GLC and found that the ratio of iduronic acid to glu- 
curonic acid was 1 : 2.6. 


Through degradation studies with Flavobacterium 
heparinum (83), it was concluded that the heparin 
molecule is composed largely of a repeating sequence of 
(1 + 4)-linked 4-0-(a-~-idopyranosyluronic acid 2- 
sulfate)-2-(deoxy-2-sulfam~no-cr-~-glucopyranosyl-6-~~1- 
fate) biose residues. Another proposed structure is that 
of the tetrasaccharide unit of Helting and Lindahl (58) 
with both uronic and iduronic residues (Structure I). 


A reaction thought by Sampson and Meyer (84) to be 
important in structural studies is that of heparin or 
heparitin sulfate with alkali to form 3,6-anhydroglucos- 
amine groups, in which the 6-position is sulfated and 
the 3-position is unsubstituted. 


It is evident from the numerous studies conducted on 
the structure determination of heparin that its true con- 
figuration remains to be established unequivocally. 
The defiance of heparin to be clearly identified may be 
due to the fact that the heparin derived from different 
tissues within a given species or from the same tissues 
from different species may have subtle differences in its 
structure. Accordingly, it is not surprising that differ- 
ences in chemical structures have been observed, since 
heparin is a protein-pol ysaccharide complex before 
extraction. The extraction procedure can often leave 
some undiscernible impurities, which undoubtedly 
compounds the difficulty in structure determination. 


ELECTROPHORESIS AND 
CHROMATOGRAPHY OF HEPARIN 


The techniques of electrophoresis and chromatog- 
raphy of heparin and other acid mucopolysaccharides 
for separation, identification, fractionation, character- 
ization, and binding studies have been investigated by 
many workers. 


Separation Techniques-One of the oldest separation 
methods used was electrophoresis. In 1951, Favre-Gilly 
(85), using the moving boundary method, discovered 
that the electrophoretic mobility of heparin is 17 X 


cm.* v.-l set.-'. Also using the same technique and 
employing data available on the heparin-streptomycin 
complex, Barlow and Coen (86) separated heparin free 
from streptomycin. 


Paper and gel electrophoresis have now gained much 
popularity in separation methods. Bifani and Marcialis 
(87) discovered that heparin had a higher migration 
velocity than serum proteins on paper. Conti et a / .  (88) 
detected heparin in the presence of chondroitin sulfuric 
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acid, hyaluronic acid, or nucleic acid by staining the 
paper with Auramino 0, Malachite green, or Brilliant 
green. Starch gel electrophoresis has been carried out 
for the separation of heparitin sulfate from chondroitin 
sulfate A and B and hyaluronic acid (89). Another 
sensitive method is zone electrophoresis on cellulose 
acetate, with alcian blue as a stain (90). 


Horner (91) separated heparin and chondroitin 
sulfate by their differences in charge density on agarose 
gel. He also noted that heparin had two components on 
this gel; the slower moving component had the higher 
anticoagulant activity, whereas the faster moving com- 
ponent had the higher sulfate-carboxyl ratio (92). 
Jaques et a/ .  (93, 94) found that most heparins showed 
two components by microelectrophoresis on agarose, 
except for those from the sheep and rat. The use of a 
microzone cellulose acetate cell’ enabled Herd (95) to 
separate heparin ; hyaluronic acid ; chondroitin sul- 
fates A, B, and C;  and keratosulfate. Heparin and 
heparan sulfate can be separated from other glycosa- 
minoglycans with barium acetate electrophoresis, 
where the electrophoretic mobility depends primarily 
on the polysaccharide backbone (96). The relative 
mobilities of heparin, chondroitin sulfate A (or C), and 
hyaluronic acid in electrophoresis by polyacrylamide 
gels were 1.1 I : I .OO :0.67 (97), which are the same as in 
free solution electrophoresis (98). Another type of 
electrophoretic separation was performed by Mashburn 
and Hoffman (99), who used a continuous-flow elec- 
trophoretic flow separator for the separation of heparin, 
chondroitin sulfate, hyaluronic acid, and protein. 


Liquid and ion-exchange chromatography are rather 
old techniques but recently gained new impetus for 
separations. In  1962, Schmidt (100) obtained a clear 
separation of the acid mucopolysaccharides on a DEAE- 
Sephadex anion exchanger. Using the same type of 
column, Braselmann and Ramm (101) did a rnicro- 
separation of hyaluronic acid, chondroitin-4-sulfate, 
dermatan sulfate, chondroitin-6-sulfate, and heparin. 
I n  a column chromatographic study, Greiling et al. 
(102) and Egardo et al. (103) separated heparin from 
hyaluronic acid and chondroitin sulfate, utilizing 
ECTEOLA-cellulose with gradient elution. This type 
of column was also used for the quantitative estimation 
of acid mucopolysaccharides in vascular tissue (104). 
A cellulose microcolumn technique to separate rnuco- 
polysaccharides was described by Svejcar and Robertson 
(105). Microcolumns of Sephadex G-25 (fine) were 
used to carry out the separation of heparin from D- 
galactose by Stouffer et  al. (106), with a hydrogen 
flame-ionization detector. Another interesting applica- 
tion of this method was the differential precipitation of 
individual polyanions with quaternary ammonium 
salts in solutions of specific ionic strength and the sub- 
sequent formation of red ion association complexes 
with the bound quaternary moieties; thus the individual 
mucopolysaccharides could be identified ( 107). 


Two other major techniques are paper chromatography 
and TLC. Spolter and Marx (108) separated heparin and 
chondroitin sulfate by paper chromatography with a 
solvent of buffer and isopropanol. Bayer (109) used a 
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solvent system containing n-propanol. An ascending 
paper chromatography method with acetate buffer 
allowed Good (1 10) to  separate heparitin sulfate, 
heparin, keratosulfate, and chondroitin sulfate B. 
Aliev and Alekperov (111)  used ascending paper 
chromatography for stepwise control of heparin produc- 
tion. They f 1 12) also reported that commercial heparin 
gave two spots which might be due to chondroitin 
sulfate as an impurity. Chondroitin sulfate B (derma- 
tan sulfate) has been identified as a contaminant of 
bovine heparin during fractionation due to  solubility 
differences of the two substances (see Physicochemical 
Studies). Other methods included microseparation on 
paper based on the formation of insoluble complexes 
with cetylpyridinium chloride (1 13) and the use of 
salt-gradient ion-exchange paper ( 1  14). 


In the last few years, TLC has gained support in the 
separation of mucopolysaccharides. Wustemann et al. 
(1  15) successfully separated heparin from heparitin 
sulfate, chondroitin-6-sulfate, and chondroitin-4-sul- 
fate on silica gel, with nitrous indole as a spray specific 
for detection of the N-sulfated aminopolysaccharides. 
Bischel et a/. ( 1  16) used Sephadex and cellulose as 
layers, with toluidine blue staining. Other investigators 
(1 17) obtained two spots for heparin on cellulose, using 
ninhydrin as a detection agent. 


Fractionation-Chromatography and gel permeation 
are potent methods for fractionating according to  
molecular weights and for estimating heterogeneity. 
In 1958. Payza (1 18) fractionated heparin on Amberlite 
1R-45 resin by elution with different molarities of 
sodium chloride. An ECTEOLA-anion exchanger was 
later used by Whiteley (119). Laurent (120). after pre- 
cipitating heparin with cetylpyridinium chloride, used 
the same system to  obtain four fractions. Lasker and 
Stivala (121) likewise obtained the same number of 
fractions by ECTEOLA elution, but got 12 fractions 
by differential solubility in alcohol-water mixtures. 
(Nine fractions have been obtained by fractional pre- 
cipitation. using ethanol and dioxane as precipitants; 
see Physicochernical Studies.) The efficiency of DEAE- 
cellulose as an adsorbent in fractionation was proven by 
Cleland et al. (122), and recently DiFerrante and Popen- 
loe (123) fractionated heparin on Dowex-1. 


Further work on fractionation was carried out by 
Hall et (11. (124), who submitted pork heparin to gel 
filtration on a column of Sephadex and found that the 
heparin was polydispersed with respect to molecular 
size. ‘Constantopoulos ct a / .  (125) and Mathews and 
Decker (97) determined the degree of heterogeneity of a 
mixture of acid mucopolysaccharides of different mo- 
lecular sizes by means of gel filtration. 


Characterization-Since exclusion by the gel particles 
depends on molecular shape, the study of the behavior 
of heparin on a Sephadex column with changes in the 
ionic strength of the eluant gave indication that the 
heparin molecules change in shape and size as well as in 
solvation, since they are retarded on the column with 
solvents of higher ionic strength (1 26). 


The work of Hall et  al. (124) suggests that the anti- 
coagulant activity of a sample could be relatively 
homogeneous even though it is polydisperse in  size. 
Ferrari and Boffi ( I  27), on the other hand, claimed that 







it was impossible to correlate anticoagulant activity 
with chromatographic behavior since all samples gave 
lengthened spots, similar in shape and with the same 
R/. 


Hilborn and Anastassiadis (128) recently demon- 
strated how acrylamide gel electrophoresis could be 
used to: (a) estimate the molecular weight of many 
acidic mucopolysaccharides (including heparin) and 
(b) measure the variations that may exist in their mo- 
lecular weights and/or the degree of sulfation. 


Binding Studies-Boundary electrophoretic studies 
were conducted by Barlow (129) on the binding of 
heparin with histamine, using paper electrophoresis. 
The finding of two different electrophoretic patterns as 
a function of anticoagulant activity indicates that there 
is a difference among samples as to their ability to bind 
histamine; this result could be due to a difference in 
anticoagulant activity. 


Another study of binding was conducted by Accary 
et al. ( 130) on polysaccharide-sulfate-protein com- 
plexes, using paper electrophoresis. 


PHYSICOCHEMICAL STUDIES 


Deactivation of Heparin and Structure Determina- 
tion-It has been suggested that anticoagulant activity 
of heparin is related to sulfation (6, 131-134), to car- 
boxylation (6, 131-134), and to various physical 
parameters such as molecular weight, shape, and size 
(6, 131-135). These have been studied by mild hy- 
drolysis of heparin, which results in desulfation (with- 
out chain cleavage) accompanied by a decrease in bio- 
logical activity (deactivation). 


Wolfrom and McNeely (136), in 1945, discovered 
that very mild acidity causes the heparin molecule to 
lose its blood anticoagulant activity. The rate of loss of 
activity is proportional to the rate of appearance of a 
free amino group in the molecule, and substantially 
complete inactivation occurs when somewhat more 
than one-half of the nitrogen is released as free amino 
nitrogen. Jensen et al. (135) reported that reaction of 
heparin with warm acetic acid resulted in a strong de- 
crease in anticoagulant activity without any decrease 
in molecular weight, sulfate ester, or glucosamine 
content. There was also an increase in the sedimenta- 
tion constant and the degree of polydispersity but a 
decrease in the frictional ratio. They suggested that the 
amino nitrogen that was first freed during recrystalliza- 
tion of heparin after acid treatment played an important 
role in anticoagulant activity. The findings of Gauthier 
et al. (1 37) showed that if the pH was adjusted with acid 
to 1 or 2 at 25", there was no change in the biological 
activity of the heparin within the first 24 hr. Substantiat- 
ing this finding is the evidence presented by Stock and 
Warner (138), who observed deterioration of heparin 
only after 60 hr. at pH 4.4 and 23". Swarte and Huizinga 
(139) showed that heparin solutions can be sterilized by 
steam at 100" for 1 hr. at pH 7.0 with no changes in 
anticoagulant activity. On the other hand, it is possible 
to degrade heparin in a strong alkali medium with a 
rapid loss of antilipemic activity (140). 


Foster et al. (141) maintained that the anticoagulant 
activity does not necessarily follow the content of 


sulfamino groups, since they observed that some heparin 
preparations with high N-sulfate content exhibited low 
anticoagulant power. In most cases, however, the 
anticoagulant properties of the sulfated polysaccharides 
containing no sulfamino groups amounted to only a 
fraction of that of heparin itself. 


Ricketts (142, 143) concluded that the molecular 
weight of the polysaccharide was more important than 
the sulfate content, since little activity was found in low 
molecular weight species of polysaccharides (degree of 
polymerization = 9) even when the sulfate content was 
high (2-2.8 sulfate groups per glucose residue). Sul- 
fated dextrans showed a higher anticoagulant activity 
for the polymer possessing the higher molecular weight. 
Patat and Elias (144) likewise found that there is a 
definite dependence of the biological activity of heparin 
on molecular weight. Laurent (120) claimed a correlation 
between biological activity and molecular weight in 
heparin fractions from a single source. Barlow et al. 
(145) and Braswell (146) did not find this relationship; 
however, their studies were based on unfractionated 
heparin from various sources. Lasker and Stivala 
(121) reported that the biological activities of low 
molecular weight fractions (performed by differential 
solubility) were uniformly low. Liberti and Stivala 
(147) discovered that the anticoagulant activity of 
heparin with molecular weights of 4500- 15,500 (frac- 
tionation done by precipitation with ethanol and dioxane) 
increased with molecular weight up to 10,OOO but then 
showed no appreciable change in activity on further 
increases of molecular weight. 


Lasker and Stivala (121) demonstrated that the 
samples obtained by deactivation of unfractionated 
heparin with dilute hydrochloric acid showed no de- 
tectable changes in molecular weight, intrinsic viscosity, 
IR spectra, or optical activity. They also found that 
partially inactivated heparin behaves like active heparin 
in that there is a drop of activity in an environment of 
0.5-1.0 M NaCl(l48). 


The treatment of a-heparin (bovine) and w-heparin 
with 40% acetic acid at 37" for almost 1 day, by Yosi- 
zawa el al. (149), almost completely deprived these 
heparins of anticoagulant properties, with a loss of 
7-8 of N-sulfate groups. These results indicate that 
the anticoagulant activity of a-heparin is more labile 
and its lipolytic activity less labile than those of w- 
heparin. Braswell (146) also degraded heparin with 
acid, but only until one-half of the activity was removed. 
There was little change in molecular weight, intrinsic 
viscosity, or elemental analysis. He postulated that 
these results are due to the formation of internal esters 
because acidity is destroyed without losing sulfur. 


Opposed to these latter results are the findings of 
Helbert and Marini (150) who used self-hydrolysis and 
titration techniques. They found that N-sulfate groups 
were removed twice as fast as 0-sulfate groups, but 
they did not perform elemental analyses or anticoagu- 
lant assays throughout the course of degradation; 
therefore, it is difficult to compare their work with that 
of others. 


Stivala el al. (133), following the method of Helbert 
and Marini (150), did a graded hydrolysis on unfrac- 
tionated heparin and measured the sedimentation co- 
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efficient. intrinsic viscosity, molecular weight, and 
axial ratio as functions of hydrolysis time. The data 
suggest that: (a) the decrease in molecular weight is 
due to desulfation rather than depolymerization, (b)  
hydrolysis results in both N- and 0-desulfation, but the 
former is greater, and (c) the degree of sulfation and 
size and/or shape are responsible for the biological 
activity of heparin. 


Yuan (151), in a study with Ehrlich (152) on the self- 
hydrolysis of a heparin fraction, found that the decrease 
in the anticoagulant activity of the partially hydrolyzed 
heparin corresponds to the amount of sulfate groups re- 
moved. There is also a decrease in the intrinsic vis- 
cosity in water, molecular weight, and the axial ratio. 
Y adlowsky ( I  52A) and Stivala et al. (1  52B) studied the 
kinetics of the acid hydrolysis of heparin from its Cu 
(11) complex. They showed that hydrolysis during 5 hr. 
at various temperatures obeys first-order kinetics, and 
they obtained specific rate constants of 3.3-26.6 X 


set.-' in the range of 50-80". Arrhenius plots of 
the data yielded 14.7 kcal. as the energy of activation. 
Yuan (151) also obtained similar results on the self- 
hydrolysis of heparin. These investigators found that 
the anticoagulant activities of heparin and the Cu (11) 
complex were not appreciably different and that the 
deactivation parallels Cu (11) release from the complex, 
which in turn parallels desulfation. 


Optical rotatory dispersion, NMR, and gel permea- 
tion also were utilized to follow deactivation. Stone 
(153) demonstrated that the induced Cotton effects of 
the dye diminished in a graded hydrolysis. Changes in 
conformation were also followed through optical 
rotatory dispersion by Hirano and Onodera (154). They 
concluded that N-desulfation does not change the 
original conformation, but complete desulfation causes 
the original helical conformation of the heparin-dye 
complex to disappear. Findings by Sumyk and Yocum 
(155) on elution volumes were consistent in the con- 
formation difference between native and desulfated 
heparin. Using NMR, Jaques et al. (156) found that 
N-desulfation causes a downfield displacement of the 
signal at  4.75 p.p.m. 


The degradation of heparin by U V  light and fast 
electrons was studied by Balazs et al. (1 57) and Sund- 
blad and Balazs ( 1  5 8 ) .  Irradiation with UV light gave a 
decrease in anticoagulant activity and cationic dye 
binding power of the polyanion. Irradiation with elec- 
trons causes depolymerization. The use of y-irradiation 
on dilute solutions of heparin by Jooyandeh er al. (159) 
produced depolymerization but no desulfation. 


Interaction of Heparin with Dyes, and Optical Rota- 
tory Dispersion-When dyes such as azure A, methylene 
blue, basic fuchsin, Brilliant green, and other metachro- 
matic dyes are reacted with heparin, there is an absorp- 
tion at a wavelength that is shorter than with the dye 
itself. Stone and Bradley (160), in 1967, showed that 
spectrophotometric titration of mucopolysaccharides 
with dyes was possible and, because of its high charge 
density, heparin would best be titrated with proflavine. 
A review was presented by Stone (161) on the use of 
metachromasy to induce Cotton effects in glycosamino- 
glycans. 


According to Yen er al. (162), two dye molecules 
react with each tetrasaccharide unit, and apparently 
the reaction occurs preferentially between two car- 
boxylic or sulfamino groups. Young et d. (163), in 
agreement with the latter investigators, believed that 
there is an electrostatic interaction between the dye 
and polyanion sites. Thermodynamic studies on 
heparin-azure A complexes indicated that the com- 
plexation produces a loss of energetic symmetry in the 
chromaphoric system, resulting in a shift to a lower 
wavelength. Various other methods, such as electron 
paramagnetic resonance (164) and pulse radiolysis 
(165-167), were used by Balazs et al. to examine the 
electrostatic interactions between methylene blue and 
heparin. Through this latter method, Phillips (168) un- 
equivocally showed that cationic dyes are bound at  
anion sites of polyanions in such a way that an electronic 
exchange occurs, which is directed to the metachromasy. 


The effect of temperature on polyanion metachromasy 
was studied by Kelly et al. (169). The metachromatic 
ratios, A:,7s/Ae.2s, were found to  be inverse linear effects 
of temperature. Stained sections gave the same results 
(170). 


Dyes have been employed in the identification of 
heparin. In tissue, the staining with ruthenium red was 
found by Pihl (171) to be stoichiometric and the bulk 
of the stain was taken up by heparin in a molar rela- 
tionship of one dye cationic complex per sulfate group 
of heparin. Sasai (l72), after staining tissues containing 
acid mucopolysaccharides with alcian blue, discovered 
that the binding of the dye to mucopolysaccharide de- 
creased as the salt concentration was raised. 


The study of the optical rotatory dispersion of heparin 
has been possible after binding with dyes. Stone (173), 
in 1969, presented an excellent review on conformations 
of hexose polysaccharides in solution, dealing with 
optical rotatory dispersion. In contrast to the views of 
the previous investigators mentioned, Stone (153) be- 
lieved in a theoretical card-stack aggregation of dye 
molecules, with a helical conformation for the heparin- 
dye complex, since an induced rotation was observed 
showing anomalous dispersion in the absorption band 
of the bound dye. Furthermore, the Cotton effect was 
dependent on helical conformation, since no induced 
rotation was observed when the dyes were bound to 
polyglutamic acid in its random coil conformation. 
This helical structure agrees with that proposed by 
Velluz (174) for heparin itself. The phenomenon of 
induced rotation was investigated by Stone and Moss 
(175), as a function of pH, in  the range of ionization of 
the carboxyl group of heparin, with the result that 
metachromasy decreased with a decrease in anionic 
site density. Further investigations by Stone (176) on 
dye binding indicated that the binding of methylene 
blue to the negative sites of heparin gives rise to a 
negative doublet (circular dichroism) in the meta- 
chromatic absorption band, indicating a net left-hand 
chirality for the neighboring dye molecules. 


The effect of urea in the destruction of hydrogen 
bonds that serve to maintain the conformation of the 
mucopolysaccharides was found (1 54, 177) to increase 
slightly the optical rotation of those mucopolysaccha- 
rides possessing helical structure. Also, the induced 
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Cotton effect was lost in urea and a positive plain curve 
was obtained. A later study by Hirano (178) showed, by 
optical rotation measured in urea and guanidine hy- 
drochloride, that the tertiary structure of polysaccharide 
chains is almost destroyed while the tertiary structure 
remains in water. 


Other optical rotatory measurements by Stone 
(153, 179) on the interaction of histamine and heparin 
with dye-stacking techniques indicate that there is a 
decrease in the metachromasy of dye-heparin complexes 
on the addition of histamine; also, conformational 
changes in heparin may accompany the release of 
histamine, which causes anaphylactic shock concomi- 
tant with degranulation of the mast cell in oioo. 


A method of using the optical dispersion effects of 
mucopolysaccharides was presented by Stone et al. 
(180) for distinguishing between San Filippo and Hurler 
syndromes, since the UV optical rotatory dispersion 
and circular dichroism of dermatan sulfate are greatly 
different from those of heparin sulfate because dermatan 
sulfate is present only in Hurler’s syndromes. 


Binding and Complexing of Heparin-Since heparin is 
a highly charged polysaccharide, binding and complex- 
ing with both large and small ions and molecules be- 
come possible. It is thought by many to exist in nature 
bound to proteins as a protein-polysaccharide complex 
in the mast cells and released when necessary. Also, its 
anticoagulant and clearing action may be due to binding 
or complexation. 


The binding of heparin to various proteins has been 
studied by many investigators. Recent reviews were 
written by Louisot (1 8 1) and Meyer (182). Cifonelli et al. 
(183) discovered that concanavalin-A, a globulin 
protein of Jack-bean meal, combines with heparin to 
form a precipitate. More recently, biFerrante and 
Hrgovcic (1 84) claimed no interaction between the 
two, but thought that the presence of other proteins 
could be responsible for the interaction. However, 
Doyle and Kan (185) maintained that there is a pre- 
cipitin-like complex with heparin, but that the inter- 
action is pH, salt, and sugar sensitive. 


The binding of heparin to collagen was found to 
occur in definite proportions by Delaunay and Bazin 
(186), and an ionic linkage was suspected because of the 
pH dependence. They (1  87) also found that other sub- 
stances, which were unable to form stable combinations 
with collagen A, had the power to affect the normal 
combination of collagen-mucopolysaccharide linkage, 
depending on their acidity. Curves obtained by Serafini- 
Fracassini (188) of the amount of polyion fixed versus 
pH of heparin and chondroitin sulfate were similar to 
titration curves of collagen. NCmeth-CsBka (189) 
found that the activation energy of collagen at pH 
7.35 was increased by heparin. Mathews and Decker 
(190) showed that heparin increased the rate of fibril 
formation from collagen solutions. They believed that 
this is due to electrostatic binding of heparin to collagen. 


Kudryashov et al. (191, 192) found that complexes of 
heparin with the blood proteins such as fibrinogen, 
thrombin, and plasmin had antithrombotic and fibrin- 
olytic activity. The existence of a complex between 
fibrinogen and heparin was confirmed by Bernfeld 
(193) with the aid of moving boundary electrophoresis. 


The mixing of radiolabeled heparin and normal serum 
was shown by Becker et al. (194) to give complexes of 
heparin in two major electrophoretic regions in starch 
zone electrophoresis. Lages (195) and Lages and Stivala 
(195A) quantitatively studied the binding of heparin to 
fibrinogen in the presence and absence of Cu ions, 
using equilibrium dialysis and sedimentation velocity. 
They found that the sedimentation coefficient of the 
fibrinogen-heparin complex is affected by the Cu ions. 


The binding of heparin to other proteins also in- 
cludes insulin, vasopressin, oxytocin, and corticotropin 
(196). A heparin-trypsin complex had fibrinolytic 
activity and showed prophylactic effects against develop- 
ment of thrombosis (197). Aborg and Uvnas (198) 
described a protamine-heparin complex which has the 
ability to bind histamine and monoamines electrostati- 
cally. In addition, whale heparin can bind protamine 
sulfate (199). 


The nature of the linkage of heparin to protein has 
been the subject of much investigation. The findings of 
Lindahl and coworkers (200-205) indicate that galac- 
tose and xylose are both involved in the linkage of 
heparin to protein. A glycosidic linkage between xylose 
and the hydroxyl group of serine appears to constitute 
the carbohydrate-protein linkage. The proposed se- 
quence, given by Helting and Lindahl (58) ,  is shown in 
Scheme I. Stern et al. (206) discovered that dermatan 
sulfate is similarly bound to proteins. Opposed to this 
view is that of Scott (207, 208), AndrC et al. (209), and 
Aborg and Uvnas (198), who believed in an electro- 
static linkage. 


The binding of neutral pH sulfated polysaccharide to 
serum low density lipoproteins was observed by Bur- 
stein et al. (210). Srinivasan et al. (211) showed that 
serum pre-6- and 8-lipoproteins formed insoluble com- 
plexes with acid mucopolysaccharides in the presence of 
Ca+2. A mechanism of formation of a complex through 
Ca+2, acting as a bridge between N-sulfate groups of 
heparin and phosphate groups of the phospholipids of 
the lipoproteins, was suggested. Similarly, Olivecrona 
et al. (212) presented evidence for an ionic binding of 
milk lipoprotein lipase to heparin. 


The binding of histamine to heparin will be con- 
sidered in conjunction with the mast cells because 
heparin may be the histamine binding agent in these 
cells. The granules of mast cells are known to contain 
both heparin and histamine (213), and strong evidence 
has been presented that mast cells produce the heparin. 
A complex between heparin and histamine was dis- 
covered by Werle and Amann (214), which was sug- 
gested to be present in the mast cells. Lysis of granules 
of the mast cells by Hill (215) caused destruction of the 
protein component and released heparin. The mech- 
anism of binding suggested by Kobayashi (216) was 
the same type as an ion exchanger. Lagunoff (217) 
presented evidence that the mast cell granule is a 
heparin-protein matrix to which histamine and perhaps 
other nitrogenous bases are attached electrostatically. 
The findings of Lloyd et al. (218, 219) indicate the 
natural occurrence of mast granule heparin linked to 
protein via alkali-labile covalent bonds. The pH de- 
pendence of the binding mechanism of the granules led 
Aborg and colleagues (220, 221) to suggest that the 
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histamine is bound ionically, which is easily broken on 
exposure of the granules to other cations. A study of 
the heparin-protein complex from ox liver capsule by 
Serafini-Fracassini et al. (222) led to the observation 
that the mast granules are composed of a random net- 
work of elongated heparin-protein macromolecules 
surrounded by the other components. 


The exact correlation between heparin content and 
mast cell count is not a simple one, according to Jaques 
and Debnath (223). Also, Drucker-Colin (224) suggested 
that large amounts of heparin present in the rat in- 
testine are not associated with mast cells. In a study of 
mast cells in mastocytosis by Zimmer el ul. (225), it was 
discovered that heparin, unlike histamine, is only 
rarely released into the circulation in clinically signifi- 
cant amounts. Experiments by Slorach (226) revealed 
that both histamine and heparin are released when rat 
mast cells are exposed to the histamine releasing agent, 
Compound 48/80. As in the case of mast cells, hista- 
mine was shown by Aborg and Uvnas (227) to be 
bound to carboxyl groups in a heparin-protein com- 
plex in rat thrombocyte granules. The binding of hista- 
mine to heparin was used by Barlow (228) to follow de- 
sulfation of heparin. 


It is possible for heparin to bind with many other 
organic compounds. Woodside er al. (229) interacted 
heparin with glycogen to form insoluble complexes. 
Organic dyes such as azure A, toluidine blue, Bismarck 
brown, and brilliant cresyl blue combine with heparin 
(230). Acridine orange forms a reversible complex with 
heparin (231), and alcian blue is fixed to the available 
binding sites of heparin (232). Heparin combines with 
many enzymes such as trypsin, chymotrypsin, pepsin, 
and lysozyme (230). The reaction with lysozyme, ac- 
cording to Bychkov and Kharlamova (233), involves 
primarily electrovalent forces. Ber.gman et al. (234) 
mentioned that enzyme-heparin complexes can cause 
artificial enzyme polymorphism, which can be used 
both as a diagnostic tool in clinical medicine and in the 
study of genetic polymorphism. Heparin combines with 
histones and displaces deoxyribonucleic acid from a 
bond in deoxyribonucleoprotein (235). It forms com- 
plexes with polymyxin B (236), streptomycin (145, 236, 
237), monomycin (237), kanamycin (237), and neomycin 
(237). Popova (238) demonstrated that the binding of 
chlorpromazine to heparin replaced the storage receptor 
in  the molecule of the acid mucopolysaccharide and 
released the biogenic amines. In a study of the binding 
of histamine, carbaminoylcholine, and 5-hydroxytrypt- 
amine to heparin, Mordelet-Dambrine el al. (239) ob- 
served that only histamine was fixed at pH 4, probably 
because it is most strongly ionized. Evidence was given 
by Kudryashov and Lyapina (240, 241) that a heparin- 
adrenalin complex exists which has a possible role in 
blood coagulation. The complex dissolved nonstabi- 
lized clots of fibrin, exhibited antipolymerase activity, 
and blocked the fibrin-stabilizing activity of factor 
XIII. 


Heparin was shown by Ascoli and BotrC (242) to have 
a high binding capacity for Na+ and ions. Both 
Jaques (230) and Salminen and Luomanmaki (243) 
agreed that potassium ion is bound to heparin in pref- 
erence to the sodium ion. The order of increasing 


cation activity for heparin was given by Dunstone 
(244) as Na+, K+, Mg+2, Ca+2, Srt2, and Ba+2. Ohkuma 
and Furuhata (245) felt that Na+ ions, in addition to 
toluidine and albumin, form a complex with heparin, 
with the suggestion that heparin possesses a cation- 
exchange behavior. In an investigation of heparin’s 
polyanion affinity to 22Na+ and 117Cs+, Dorabialska 
and Plonka (246) discovered that the affinity was greater 
to the one with the lower total concentration. 


The binding of C O ( N H ~ ) ~ + ~  to connective tissue 
mucopolysaccharides and heparin was investigated by 
Mathews (247), who concluded that ion-pair formation 
with Co(NH3)@f3 is inhenced by local binding factors, 
electrostatic interaction of neighboring charged groups, 
and competition with other cations for binding sites. 
Anticoagulant activity was generally associated with 
affinity for CO(NH&+~. This was also experienced by 
Moore et al. (248) in the interaction of connective 
tissue and other pblyanions with cationic counterions. 
The binding of C U + ~  to heparin forms a basis for study- 
ing the anticoagulant activity of heparin (134). It is pH 
dependent because of competition for sites and is 
ionic strength dependent because of a change in con- 
formation. In desulfation, reduction in binding sites 
results in decreased binding of C U + ~ .  In the work (134) 
on the Cu+2 binding from polarography, it was also 
shown that the ability of heparin to bind copper is 
related to blood anticoagulant activity. 


The order of calcium binding to hyaluronic acid, 
chondroitin sulfate, heparin, and heparitin sulfate was 
examined by Lhszlo (249) with the result that chon- 
droitin sulfate had the highest and hyaluronic acid the 
lowest binding capacity. It was found that most of the 
Ca+2 was bound to the carboxyl groups. The effect of 
Ca+2 ions on the scattering of light by heparin was in- 
vestigated by Loucas et al. (250) who found that the 
interaction constant was influenced by the ionic strength 
of the solution. 


A study by Quintarelli et a]. (251) showed that bind- 
ing between phosphotungstic acid and desulfated 
heparin only took place between the metal and the 
desulfated hexosamine amino groups through electro- 
static forces. On acetylation of the N-desulfated 
products, no phosphbtungstic binding occurred. 


Effect of Ionic Strength and pH-An attempt was 
made by Barlow et al. (145) to study the effect of ionic 
strength on the sedimentation constant and molecular 
weight, but no previous fractionation was performed on 
these ,samples of heparins of different sources. Their 
results indicated that there is a probable increase of the 
sedimentation constant with ionic strength until a 
maximum is reached and then it remains constant. 
However, they did not use an extrapolated value for the 
sedimentation constant to allow for concentration 
dependence. They also found that the molecular weights 
obtained from light scattering did not change with 
ionic strength. 


Liberti and Stivala (147) found that there is a definite 
decrease of intrinsic viscosity with an increase of ionic 
strength. This same effect was experienced by Braswell 
(146). Yuan (1 5 1 )  also obtained similar results with un- 
fractionated heparin from one source, but the influence 
of pH was not studied under controlled conditions. 
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Ehrlich (152) used controlled conditions of pH and 
ionic strength on a particular fraction and had results 
for the sedimentation constant that were similar to 
Barlow's el al. (145). Also the axial ratio decreased, the 
intrinsic viscosity decreased, the molecular weight did 
not change, and the partial specific volume increased 
between the ionic strength of 0.5 and 1.0 M. This be- 
havior can be explained in that the addition of by-ions 
results in a lower field strength, with a resulting change 
in shape offering less frictional resistance to transport. 


Size and Shape of Heparin-Stivala et al. (252) 
studied molecular weights, radii of gyration, and per- 
sistence lengths of a fractionated sample of heparin by 
means of low angle X-ray scattering. The molecular 
weight of the heparin fraction was found to be 12,900. 
This value is in excellent agreement with the values of 
12,600 and 12,500 obtained for the same fraction from 
sedimentation equilibrium (12 1) and intrinsic viscosity 
(147) measurements, respectively. A persistence length of 
2 I .  1 8( was calculated. Based on low angle X-ray scatter- 
ing, the heparin fraction in water (1 %) at room tempera- 
ture may be described as a Gaussian coil molecule. 


Since heparin is a polyelectrolyte, plots of specific 
viscosity Dersus concentration in water are nonlinear. 
Linearity may be achieved by use of various empirical 
relationships. Some researchers (121, 133, 147) meas- 
ured the intrinsic viscosity of numerous heparin fractions 
of varying molecular weights in water and as a function 
of pH and ionic strength. Based on various solution 
theories of linear polymers, heparin exhibits substantial 
flexibility, approximating a Gaussian coil. From partial 
specific volume, sedimentation coefficient, molecular 
weight, and intrinsic viscosity measurements, where 
charges were swamped (by means of pH and/or ionic 
strength), Ehrlich (I  52) and Ehrlich and Stivala (252A) 
reported that heparin is best approximated as a random 
coil (Gaussian). 


Yuan and Stivala (252B) studied the intrinsic vis- 
cosity as a function of dielectric constant and found 
that the shielded intrinsic viscosity (which is that of a 
highly shielded polyion) increases linearly with the 
increasing dielectric constant of the solvent. Further- 
more, based on an interaction parameter of a semi- 
empirical relationship containing the shielded intrinsic 
viscosity, Yuan and Stivala (2528) showed that the 
interaction parameter is independent of the dielectric 
constant of the solvent of the various heparin solutions. 
The significance of this interaction parameter is that it 
contains a term associated with the equivalent freely 
jointed segment length when the backbone of a polyion 
is represented by a Gaussian coil for which the inter- 
action parameter is independent of the dielectric con- 
stant. 


ASSAY AND ESIMATION OF HEPARlN 


The various methods of heparin determination can be 
essentially divided into two groups, those involving the 
reaction of heparin with substances such as protamine 
or toluidine blue and those measuring directly the 
specific anticoagulant activity with respect to total 
blood or plasma. 


Metachromatic and Protamine Methods-A recent 


polysaccharide-glucuronic acid-galactose 
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Scheme I-Linkage of heparin to protein 


review of metachromasy of dyes in solution was pre- 
sented by Padday (253). Awe and Studeman (254) found 
that quantitative measurement of the course of prot- 
amine titration and metachromatic dye change from 
blue to red-violet conformed with USP XV standards, 
but heparinoids gave erroneous results. They presented 
two methods for the spectrometric evaluation of the 
toluidine blue complex of heparin, both in.volving the 
metachromatic shift of the complex. The use of azure A 
and toluidine blue 0 (tolonium chloride) by Serafin 
(255), to test activity, gave much larger amounts of 
heparin in normal blood than previously reported. 
The ratio between metachromasy and uronic acid con- 
tent was measured by Bianchini and Osima (256), who 
found that neither the anticoagulant activity nor the 
clearing activity is linear with the uronic acid content. 
According to Jaques et al. (257), there is no correlation 
between activity and chemical analysis except for the 
finding that increasing metachromatic activity ac- 
companied an increase in sulfur content. A sensitive, 
accurate, quantitative, colorimetric assay2 with azure A, 
with absorption at 505 nm., was presented by Jaques 
and Wollin (258). A new method for fractionation and 
determination of heparin by differential colorimetry of 
metachromatic substances formed by toluidine blue was 
devised by Satake (259). A method utilizing very small 
amounts (0.5-5 mcg.) of acidic polysaccharides, em- 
ploying the shift in the visible absorption spectrum of 
carbocyanine dye when bound to a polyanion, was 
given by Edstrom (260). Two colorimetric methods 
were described by Plekhan et al. (261). They involved 
the: (a) reaction of heparin and azure A, and (b) reac- 
tion with carbazole and concentrated sulfuric acid. A 
procedure for studying stoichiometry of complexes 
like heparin and toluidine blue was presented by Singh 
(262). Qualitative limits of the sensitivity of toluidine 
blue and azure A as compared with alcian blue and 
mucicarmine were established by Rahman et a/ .  (263). 
The carbazole method is used widely for determining 
heparin concentrations. Galambas (264, 265) pointed 
out that the ratio between maximum absorptivity in 
sulfuric acid and the carbazole color at 525 nm. is 
higher for heparin than for the other mucopolysac- 
charides, probably because of the lack of N-acetyl 
groups in the former. Tsuji et a / .  (266) presented a 
novel spectrophotometric method for the microdeter- 
mination of 2-deoxy-2-sulfamidohexose and 2-aceta- 
mido-Zdeoxyhexose residues in heparin, using an ion 
complex which absorbs at 653 nm. 


For the determination of tissue heparin, Freeman 
et al. (267) mentioned a method of releasing the heparin 
from the protein complex that facilitates proteolytic 
digestion, since proteins interfere with metachromasy 
of applied dyes (268). The possibility of using acridine 


~~ ~~ 


* Using a Beckman spectrophotometer. 
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orange fluorescence for the determination of heparin 
was explored by Zelenin and Stepanova (269), who 
found that it had a red fluorescence to pH 7.0 and was 
resistant to sodium chloride solutions. Zugibe (270) 
gave many histochemical methods, one of which in- 
volves formation of the insoluble polyanion-quaternary 
salt complex with the mucopolysaccharide, followed by 
treatment with ferric thiocyanate. Other methods pre- 
cipitate the acid polysaccharide with dyes such as 
toluidine blue and alcian blue and then differentially 
remove the polysaccharides by adding varying amounts 
of sodium chloride. The critical concentrations of 
electrolytes for heparin were measured by Sasai (172) by 
precipitation of alcian blue on cellulose acetate mem- 
brane, and he found 0.9 M for magnesium chloride and 
1.1 M for sodium chloride. Scott (271) reviewed the 
critical electrolyte effects in interactions between acid 
glycosaminoglycans with organic cations and poly- 
cations. 


Titration of heparin with protamine sulfate, followed 
by measurement of the coagulation after a period of 
time, is another possible method (272). Vincke and 
Benfey (273) found that 1 mole of protamine sulfate is 
equivalent to 629 g. of heparin. But Nagasawa and 
Kimura (274) claimed that there is no relationship be- 
tween anticoagulant activity and protamine binding 
capacity. A possible reason for this, given by Lowary 
ct al. (275), is that the number of heparin units neu- 
tralized by protamine sulfate varies with the source and 
specific activity of the sodium heparin. Recently, 
Godal and Gjeugedal (276) found that a transient 
coagulant effect is observed when heparin is incubated 
with protamine, possibly due to an excess of protamine. 
Another method was proposed by Barkagan and Bark- 
agan (277) based on comparison of anticoagulation 
rates with and without inhibition of heparin by prota- 
mine sulfate. 


Methods of Determining Heparin Activity in Blood- 
Reviews on heparin assays were written by Quick (278), 
Warren and Wysocki (279), Jaques (230, 280), Biggs 
and MacFarlane (281), and, recently, Jorpes (282). 
These methods measure directly the speqfic anticoagu- 
lant activity with respect to total blood or plasma. 


Blomback el al. (283) determined the heparin level 
in blood by titrating with thrombin and cofactor. 
Quick (278) mentioned a thrombin titration method 
which involves the inactivation of thrombin by heparin 
and its cofactor albumin X. Another titration method, 
described by Herbain (284), is a photometric estimation 
of the specification rate of plasma after the addition of 
thrombin. Godal (285) argued that the prolongation of 
the thrombin time is very sensitive to a variation of 
pH, temperature, and ionic strength; furthermore, 
calcium ions counteract heparin, especially at alkaline 
pH. According to Cameron (286), however, the throm- 
bin clotting time is an efficient method of controlling 
heparin therapy. 


The recalcification time was suggested by Belko and 
Warren (287) to be both useful and timesaving for 
appraising the heparin effect. The prothrombin time 
(Quick) method (288) measures the clotting time of 
recalcified plasma with added thromboplastin. Messer- 


Schmidt and Peter (289, 290) used this method with a 
photometer to measure the beginning of clotting. 


Heparin wilt prolong whole blood clotting time 
(Howell) to three times the normal level (291). Accord- 
ing to Jorpes (282), the main advantage of this tech- 
nique is that it ensures the presence of the heparin 
cofactor and all the labile factors entering into the 
coagulation system without the introduction of ad- 
ditional salts or thromboplastin. Jaques et al. (257) 
found that the results given by whole blood were 
better than the USP XIV assay which is done in plasma, 
since the conditions of the former are closer to those 
used in the clinical control of heparin anticoagulation. 
The BP assay likewise suffers from the same disadvan- 
tages as the USP assay. 


Other tests mentioned by Jaques (230) for the anti- 
coagulant activity of heparin include: (a)  whole blood 
collected in silicone-clotting tubes, (b) plasma time with 
chicken plasma that does not require recalcification, 
and (c) two-stage tests that are modifications of the 
previous tests given, with final measurement made on 
the coagulation time of a separate fibrinogen solution 
on the addition of an aliquot from the single-stage test. 


Other Techniques-Some techniques are not as well 
known as the ones already discussed. Rosencrantz et al. 
(292) described a method that permits automatic quan- 
titative recording of the formation of clots at 250 nm. 
An assay of heparin, employing diatomaceous silicate, 
modified plasma, and a precision coagulation timer3, 
was given by Seip et al. (293). Attempts to use concana- 
valin A(1) as a specific reagent for the identification of 
heparin in biological fluids was found unsuccessful by 
DiFerrante and Hrgovcic (184). A quantitative method 
of estimation of acid polysaccharides in the blood of 
rabbits after the injection of papain, by complexation 
with cetyltrimethylammonium bromide, was given (294). 
The determination of heparin activity by an IR spec- 
troscopic method was described by Zhbankov et al. 
(295), where potassium cyanide is introduced as an 
internal standard and the absorption ratios of 1240- 
1 1  50 cm.-l and 1240-2065 cm.-l are measured, the 
latter frequency being due to the CN group. Bohn et a f .  
(296) presented an automatic procedure for the deter- 
mination of mucopolysaccharides (including heparin) 
based on a turbidity reaction with cetylpyridinium 
chloride. The thrombo test was described by Owren 
(297) as differing from earlier methods by measuring 
the coagulation activity of the absorbable factors in both 
the intrinsic and extrinsic coagulation systems, thus 
being insensitive to depression of factor IX  during 
anticoagulant therapy. 


For the assay of whale heparin, Matsuno and Hash- 
imoto (298) modified the BP assay by using ox and 
human sulfated blood and ox thrombokinase. The 
USP method was more specific than a chemical method 
based on the shift of the isoelectric point for the esti- 
mation of polyanionic compounds like polyestradiol 
phosphate and polymethylene salicylate (299). 


Much controversy exists as to  the effectiveness of the 
various methods. A discrepancy of up to 40% was ob- 
served by Walton et af .  (300) between potencies ex- 
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amined by the BP and USP assay procedures. These 
findings led to a British standard of mucosal heparin of 
mucosal origin. The results of Bangham and Woodward 
(301), however, indicate differences between the esti- 
mated relative potencies of lung and mucosal heparin, 
but they were not so consistent as to necessitate a 
separate international standard for each. The use of 
animal plasma or human plasma can also alter results 
(302). The correspondence between the in oitro and 
in oioo anticoagulant activities of beef and whale heparin 
was studied by Hashimoto and Matsuno (303), with 
the result that the BP unit of whale heparin and its 
in oioo potency in dogs was 1.5-fold more potent than 
those of beef heparin, whereas USP units of whale and 
beef heparin were the same. This led to the suggestion 
that the BP assay method may be better for clinical 
evaluation than the USP method when the whale lung 
or intestine is used in the place of the ox lung as the 
source of heparin. 


Andreenko et al. (304) compared the method of 
titration with thrombin in the presence of heparin- 
cofactor (Blombiick), a colorimetric method based on 
precipitation of heparin with azure A (Warren-Bozioni 
method), with the titration with protamine sulfate 
(Warren-Vysockii). They found that the most suitable 
for laboratory practice was the first. In a report by 
Rezansoff and Jaques (305) comparing USP colori- 
metric, Howell, spectrophotometric, and microelectro- 
phoresis techniques, no assay method consistently 
described the activity of heparin in another test system, 
in oitro or in oioo. This report conforms with that of 
Magnusson and Nilsson (306) who received different 
values of anticoagulant activity when using human, 
bovine, dog plasma, and whole ox blood in one-stage 
prothrombin, recalcification, and thrombin systems. 
Kavanagh (307) and Kuo (308) recently discovered no 
significant correlations between nitrogen, sulfur, acetyl, 
glucosamine, and other parameters with biological 
activities determined by Howell assay, USP assay, 
in oioo clotting time, partial thromboplastin time, and 
in oioo lipolytic activity values. Estes (309) claimed that, 
on comparison of four tests, the whole blood activated 
partial thromboplastin time provided the greatest 
precision, information, and economy, followed by 
(in order) the activated plasma partial thromboplastin 
time, the whole blood clotting time, and the partial 
thromboplastin time of plasma. The indication is, 
nevertheless, that more uniform systems of anticoagu- 
lant activity assay must be devised. 


PHARMACOLOGY 


Pharmacologically, heparin is noted for its anti- 
coagulant action in the treatment of myocardial in- 
farction and in the induction of the clearing reaction 
as an antilipemic agent in the blood. In addition, many 
other actions of heparin (antimetastatic, antiviral, and 
antienzymic) have been reported. Some general surveys 
of the pharmacology of heparin were written by Jorpes 
( I ) ,  Engelberg (8), Jaques (230,280), and Gastpar (50). 


Effects on Circulatory System-The most important 
action of heparin is the inhibition of blood coagulation. 
Surveys on blood anticoagulation were presented by 
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Wessler and Gaston (310), Rodman (311), Buri and 
Schneeburger (312), Divald and JouilliC (313), Yen 
et al. (3 14), and Haas-Weston (3 15). 


Anticoagulants may be divided into two groups: 
(a) the direct type like heparin and the heparinoids, 
which act rapidly by their presence in the blood, and 
(b)  the indirect type (called antivitamin K), the de- 
rivatives of coumarin and indandione, which act 
after some delay. The first class of compounds inter- 
feres with the formation of thrombin and thrombo- 
plastin, whereas the second class interferes with the 
formation of prothrombin. The antagonists of the 
first class are protamine sulfate types, and the antag- 
onists of the second are vitamin K types. 


To date, no one has clearly elucidated either the 
mechanism of blood coagulation or anticoagulation. 
A recent review on blood coagulation was written in 
1971 by Mammen (316). Many theories for blood co- 
agulation have been proposed. A generally accepted 
scheme of coagulation is presented in Scheme 11, ac- 
cording to Fremont (3 17). 


The system offered by Wessler and Gaston (310) is 
similar to that of Fremont; however, they carry.the 
clotting mechanism to the gelation stage (Scheme 111). 


Anticoagulant Effects of Hepar in- An tit hr om bic 
Action-Prothrombin is unaffected in heparinized 
blood and, therefore, heparin must act on the first part 
of clotting (318). It is thought to have “antithrombic” 
activity in the presence of a certain plasma protein 
named “heparin complement” by Ziff and Chargaff 
(319) or cofactor (Howell) (317), which is close or 
identical to antithrombin 111 (320, 321). The protein 
forms a complex with heparin which is capable of 
binding rapidly with thrombin and thus inactivating it. 
Serotonin and tryptamine can interfere with this re- 
action (322). Henstell and Kligerman (323) felt that, 
more likely, three factors are involved: a plasma anti- 
thrombin (antithrombin III), a plasma antithrombin 
inhibitor, and a platelet factor with heparin acting as a 
catalyst. Porter et al. (324) indicated that the anti- 
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thrombic action of heparin itself is weak in comparison 
with that of the heparin-cofactor complex. 


Inhibition of Thromboplastin-In addition to its 
antithrombic action, heparin is capable of inhibiting 
several blood factors for the formation of thrombo- 
plastin, which is necessary for the conversion of pro- 
thrombin to thrombin, through depression of factors 
V, I X ,  X I ,  and XI1 (317). The data of Pitlick et al. 
(325) indicate that heparin and hirudin interfere with 
factor IXa, which is the heparin- and hirudin-sensitive 
factor in plasma when coagulation is initiated uia 
factor X I  or XU, and that subsequent clotting factors 
remain in inactive forms. Heparin also inhibits the 
activation of factor VlII by factor IXa (315). Josso 
(326) pointed out that an important discovery in recent 
years is that the enzyme activities that operate to 
transfer prothrombin into thrombin are attached to 
particulate lipoprotein complexes with which the in- 
active plasma profactors are transformed into active 
factors. The interaction between heparin and thrombo- 
plastin, observed by Chargaff et al. (327), results in a 
complex formed by heparin and the protein moiety of 
the lipoprotein. According to Yen et al. (314), the scheme 
of complex formation may be as shown in Scheme IV, 
where A is the polyanion and C is the polycation. In 
reaction (4) there is a two-electron transfer. These reac- 
tions could also hold for complexation with dyes and 
heparin antagonists. 


Fibrinolysis-In addition to being an anticoagulant, 
heparin usually enhances fibrinolysis. It was found by 
Buluk and Januszko (328) to reduce the inhibition of 
antifibrinolysin. Lackner and Mersk (329) reported 
markedly accelerated fibrinolytic activity after intra- 
venous injection of heparin. Increased blood heparin in 
leukemia was thought by Efendiev et al. (330) to be re- 
sponsible for the greater fibrinolytic activity. Heparin 
and fibrinogen were shown by Godal (331) to react in 
stoichiometric proportions. Evidence was presented 
(332) that heparin in solutions of low ionic strengths 
breaks the bonds holding the fibrin monomers together 
in clots. It is also able to inhibit the polymerization of 
fibrinogen. The concentration, according to Silver and 
Hall (333), in the blood must be greater than 2 mg./kg. 
to potentiate fibrinolysis. 


Olesen (334) suggested that the fibrinolysis is caused 
by plasminogen activation. However, Holemans et al. 
(335) found that the presence of a cofactor is necessary. 
Heparin is known also to accelerate catalytically the 
neutralization of thrombin by antithrombin 111 and thus 
prevent reclotting following fibrinolysis (336). The 
preparation of heparin must be free of protease inhibi- 
tors to enhance fibrinolysis (337). Eleparon, a muco- 
polysaccharide polysulfuric acid ester like heparin, 
increases fibrinolytic activity (338). Boros (339) dis- 
covered that “heparin rebound,” the reappearance of 
heparin in the circulation in open-heart surgery despite 
its previous complete neutralization, was caused by 
enhanced fibri nolysis. 


A: -Na+ + C+CI- + A: -C+ + NaCl 


A: -C+ + A: -Na+ -. CAz- Na+ 


Scheme IV 


(3) 


(4) 


Effects on Platelets-Platelets contain a factor with 
some antiheparin activity (320, 340). This was described 
by Shanberge and Furuta (341) as platelet factor 4. 
Heparin was shown by Sawyer et al. (342) to prevent 
conversion of degenerated platelets in solution from 
forming a gel. 


According to Jaques (280), heparin inhibits platelet 
adhesion to intercellular cement. Aznar (343) and 
Silver (344) found that small doses of heparin had no 
effect on platelet adhesiveness, but with larger doses the 
antiaggregating effects increase in proportion to the 
dose. Moreover, Grotturn (345) reported that the nega- 
tive charge of the platelets was reduced by the positive 
charge of heparin and lowered the electrophoretic 
mobility, but increasing the concentration of heparin 
increased their electrophoretic mobility but did not 
aggregate them. A method was developed by Hohage 
and Hiemeyer (346, 347) for quantification of the aggre- 
gation curves of platelet-rich citrate-heparin plasma. 


The adhesiveness of platelets to tannic acid-treated 
red cells was shown by Zbinden and Tomlin (348) to 
increase when heparin was added. If adenosine diphos- 
phate is added to unstirred, plasma-rich platelets, no 
aggregation occurs and platelet-bound heparin-neu- 
tralizing activity develops immediately (349). The addi- 
tion of adenosine diphosphate to platelets leads to shape 
and volume changes, to the development of stickiness, 
and to heparin-neutralizing activity (platelet factor IV) 
(350). O’Brien (351) reported that alcian blue also binds 
heparin and may influence heparin-neutralizing sites 
and probably the charge on the platelet; thus it can in- 
fluence platelet aggregation. Eika (352, 353) found that 
washed human platelets were aggregated by heparin in 
the presence of divalent cations, but heparin inhibited 
the thrombin-induced platelet aggregation and release 
of adenine nucleotides. In the presence of calcium chlo- 
ride and also in barium sulfate-adsorbed serum, heparin 
was shown by Murase et al. (354) to produce platelet 
clumping activity, but this was not the case in citrated 
plasma, edetate plasma, or serum. 


Another action of heparin is to prevent platelet disin- 
tegration (355, 356) and release of phospholipids (355). 
Platelet instability, however, is not affected by heparin 
(357). 


The ability of a heparin-like sulfonic polysaccharide 
to counteract platelet adhesiveness in rabbits and intra- 
vascular red cell aggregation in cats was discovered re- 
cently by Bicher (358). 


Other Actions of Heparin-According to Jaques (280), 
heparin decreases blood sugar, the fall in lymphocytes 
and eosinophils, and hemorrhage from stress and 
hypertension. Hougie (359) reported that heparin gives 
prompt relief from acute myocardial infarction. Heparin 
facilitates the flow of blood by vasodilation (280, 360) 
and so could be important in Buerger’s disease (361). 
The viscosity of blood was reported by Albert0 et al. 
(362) and Meda et al. (363) to  be lowered by heparin 
because of its anionic character. According to Hoak et al. 
(364), heparin prolongs the time to produce thrombi. 
h uitro, heparin was found to cause hemolysis (365), 
possibly because there is a decrease in the mechanical 
resistance of the red blood cells due to nucleoprotein 
mobilized from leucocytes under the influence of hepa- 
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rin, but in viva it inhibits hemolysis and alters the 
erythrocyte sedimentation rate (3 15). Heparin prevents 
decrease of lymphocytes and eosinophils caused by 
ACTH or cortisone (366, 367) and activates alkaline 
phosphatase and esterase in the blood (367). Another 
biological effect is its enhancement of vascular perme- 
ability (368). 


Pathological conditions exist, termed acquired and 
hereditary hyperheparinemia, where unusually high 
concentrations of heparin in the blood produce pro- 
longed clotting or thrombin times. These can be cor- 
rected by treatment with protamine sulfate, toluidine 
blue, or polybrene (288). 


Clearing Action of Heparin on Blood Lipids-In addi- 
tion to the anticoagulant action of heparin, another 
major effect is the clearing of lipemic plasma. Early 
reviews were written by Levy (369) and Engelberg (370). 
Heparin stimulates the release of lipoprotein lipase (the 
clearing factor), an enzyme that catalyzes the hydrolysis 
of triglycerides associated with chylomicrons (lipopro- 
tein molecules rich in neutral fat), and thus promotes 
the clearing of lipernic plasma (361, 367). The possible 
connection between the pathogenesis of atherosclerosis 
and heart disease and the clearing action of heparin is of 
great interest. 


Antonni et al. (371) found that the clarifying action 
is more evident in atherosclerotic subjects than in nor- 
mal ones. Also, myocardial infarction is usually ac- 
companied by an increase in plasma lipoproteins and 
free fatty acids, which are damaging to the myocardial 
cells, in addition to an accumulation of tissue triglycer- 
ides and increased synthesis of fibrinogen (372). 


Some properties of the clearing factor were examined 
by Korn (373), with the conclusion that it is primarily a 
tissue enzyme, a heparin-activated lipoprotein lipase 
that catalyzes the hydrolysis of chylomicrons but not 
simple triglycerides. The possibility of a separate mono- 
glyceridase activity was also suggested by Vogel et al. 
(374). According to Engelberg ( 3 7 9 ,  heparin is a com- 
ponent of the enzyme and its dissociation from the 
apoenzyme can be readily brought about. The clearing 
factor showed activation by low concentrations of 
heparin and inhibition by higher concentrations and 
protamine. This, with density centrifugation evidence, 
led Payza et a/. (376) to suggest that heparin is not a 
necessary requirement or a cofactor for the action of 
the clearing factor. 


In addition to being found in the plasma, lipoprotein 
lipase can also be located in the thoracic duct lymph of 
dogs (377) and near the vascular wall after heparin in- 
jection (378). Heparin released lipase from rat epididy- 
ma1 fat pads (379), but Ho et a/. (380) claimed that 
heparin only increases the lipolytic activity of the stroma 
cells of the pads. Ballard et a/. (381) claimed that hep- 
arin increases the release of venous plasma lipolytic 
activity from perfused canine subcutaneous adipose 
tissue. From their findings, Gero et al. (382) made the 
observation that heparinoids may act on the tissue level 
by interfering with the lipid deposition and by locally 
increasing the lipolytic activity of the vessel wall. Payza 
el al. (383) found that injection of heparin into rats in- 
duced an increase in lipase activity of the plasma and a 
decrease in lipase activity of the tissue. Davis and Heim- 


berg (384) thought that the uptake of chylomicrons from 
the blood probably is accelerated by a direct action of 
heparin on the liver. 


A mechanism for the action of the postheparin lipidemia 
clearing factor was given by Engelberg (370) (Scheme V). 
He believed that the lipoprotein lipase is the major way 
for the removal of triglycerides from the blood. Rut- 
stein et a/. (385) argued that heparin leads to increased 
lipid deposition and that this can be correlated with 
increased serum levels of nonesterified fatty acids but 
not with the decreased concentration of triglycerides, 
cholesterol, and phospholipids. The high nonesterified 
fatty acid levels are associated with arrhythmias and 
death in patients with myocardial infarction. Davis and 
Davis (386) disagreed, their reason being that even 
though emboli contain lipids, fibrinogen is more im- 
portant in their formation than lipids. The interpretation 
of lipase stimulation given by Patten and Hollenberg 
(387) was that exogenous heparin increases the binding 
of the enzyme to chylomicrons and then has no effect on 
either the stability of the extracted enzyme or enzyme 
activity after the formation of enzyme-chylomicron 
complexes has occurred. The clearing activity was found 
by Bianchini and Osima (388) to be independent of the 
number of sulfate radicals and the presence of uronic 
acid groups. Also, it does not parallel the anticoagulant 
activity (389). 


Evidence was given by Pav and Wenkeva (390) of the 
appearance in the blood of another serum esterase in 
addition to the clearing factor after the injection of 
heparin. The quantitative inhibition of triton lipidemia 
by heparin was determined by Haikonen etal. (391). Fin- 
kelstein et al. (392) isolated an extracellular lipase from 
the culture medium of Pseudomonas aeruginosa. 


A naturally occurring acid mucopolysaccharide was 
isolated by Grossman et a/. (393); it had good lipo- 
protein lipase-activating effects and cholesterol-reduc- 
ing ability, with little anticoagulant activity. Sulfovernan, 
a new heparinoid from a lichen moss, was shown by 
Stefanovich et a/. (394) to have anticoagulant activity, 
but it increased the triglyceride level of the lipids of 
aortic tissue. The latter effect is not thought to be as- 
sociated with heparin. 


Effects of Heparin on Tumor Growth and Metastasis- 
Much experimental investigation has been attempted to 
solve the question of whether heparin actually alters 
tumor growth and metastasis, but to date this problem 
remains unsolved. Reviews were written by Balazs and 
Jacobsen (395), Shats (396), and Regelson (397). The 
results of Lippman (398) on the Ehrlich ascites tumor in 
mice show that heparin is a mitotic inhibitor in this 
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tumor. No effect on the growth of a transplantable 
lymphosarcoma in mice, however, was found by Kreisler 
(399). Csaba et al. (400) agreed with these results and 
even thought that some tumors require heparinoid sub- 
stances for their growth. The findings of Montes de Oca 
and Dietrich (401) in the incorporation and fate of 
heparin in L, Le, HeLa, and mouse embryo tissue cul- 
ture indicate that there is no inhibition by heparin of the 
four cell lines. 


Fisher and Fisher (402) believed that their observed 
decrease of tumor metastases in  rats cannot be explained 
by an inhibition of tumor cell lodgment and microclot 
formation but by rheological alterations in the blood as 
a result of the administration of heparin and previous 
tumor plasmin. The treatment of tumor-bearing mice 
by Kudryashov et al. (403) did not produce a consistent 
reduction in tumor growth but actually promoted 
growth in several animals. If, however, the vegetative 
nervous system was blocked with chlorpromazine during 
anticoagulant and fibrinolytic treatment, there was a 
significant regression of tumor growth. NCmeth (404), 
using a combination of heparin and degrano14, found a 
reduction in the size of tumors rich in connective tissue. 


The effects of heparin and fibrinolysins on pulmonary 
metastasis were studied by Cliffton and Agostino (405, 
406), with the finding that the incidence of metastasis 
was decreased. Suemasu and Ishikawa (407) discovered 
a similar result on pulmonary metastasis which they 
attributed to indicate that tumor cells were flushed away 
by the anticoagulant through the lung by blocking the 
formation of fibrin clots around the cells in capillaries 
that enmesh them. Likewise, Rutstein et al. (385) found 
that heparin has a disseminating influence on pulmonary 
metastases of experimental tumors. On the other hand, 
Hagmar and Norrby (408) reported that the average 
volume of pulmonary metastases became less but their 
number rose. This was also experienced by Boeryd and 
Rudenstam (409). 


Miscellaneous Effects-The antiviral action of heparin 
on Herpes simplex was mentioned by Jaques (230). 
The observation of Vaheri (410) was that heparin has a 
potent reversible inhibitory action on the early interac- 
tion of H .  simplex virus and cells but that it does not 
have an irreversible effect on the virus. Horviith and 
Hadhiizy (41 1) found that heparin inhibits only the 
absorption of free virus and does not influence the 
penetration and cell-to-cell transfer of viruses carried 
by infected cells. Treatment of chick embryo cells by 
Mentkevich and Zhdanova (412) inhibited H and B1 
strains of Newcastle disease virus from producing inter- 
feron. The stimulation of cell locomotion and pseudo- 
podium formation of the amoeba by heparin was seen 
by Bell and Jeon (413). Bell (414) suggested that heparin 
has a depolarizing effect on the cell surface. The anti- 
bacterial action of heparin in  the presence of blood from 
regions of injury was mentioned by Regelson (397). 


Heparin inhibits the action of many enzymes such as 
P-glucuronidase (41 5, 416), renin (417), hyaluronidase 
(418), alkaline phosphatase (418), chondroitin sulfate 
glycanhydrolase (41 8), elastase (418), and collagenase 
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(419). The inhibition of hyaluronidase in the gingiva by 
heparin was cited by Nord (420) as an important de- 
fense mechanism in periodontal disease. Heparin and 
rifampicin were acclaimed by Neuhoff et al. (421) as 
being the most effective known inhibitors of DNA-de- 
pendent RNA polymerase from Escltericltia coli. It also 
reduces the action of ribonuclease (367, 421), fumerase 
(367), serum protease (367), and lecithinase (422). Hepa- 
rin was found by Wu (423) to  inhibit polynucleotide 
kinase, which catalyzes the transfer of orthophosphate 
from ATP to the 51-hydroxyl terminus of polynucleo- 
tides. Freeman (424) suggested that the ability of hepa- 
rin to inhibit a rather large number of enzyme systems 
may be due to its acidic character which allows it to 
combine rather tightly with almost any basic protein. 
There are some enzymes, such as staphylococcal coagu- 
lase, upon which heparin has no action, at  least under 
experimental conditions (425). On other enzymes such 
as pepsinogen (426) and diamine oxidase (427), it has a 
stimulating action. 


Heparin has some activity in  secretion and excretion. 
Gastric secretion was inhibited by heparin and heparin- 
oids in  some dogs (428). It has a diuretic effect and this 
lowers edema (8, 230). It also inhibits the antidiuretic 
effect of pitressin (230). The excretion of potassium is 
decreased and that of sodium is increased (230, 367) 
after heparin administration. 


Its interaction with calcium has been of interest. 
According to the results of Tidball (429, 430), physio- 
logic histamine release is partially inhibited by heparin, 
the assumption being that the histamine release may re- 
sult from the binding of calcium by heparin. Cheymol 
and Gay (431) found that heparin causes an elevation 
of alkaline reserve in rabbits. According to Reber and 
Studer (432), the binding of calcium ions by edetate, 
sodium citrate, ion exchangers, etc., seems to enhance the 
intestinal absorption of heparin in rats, as measured by 
clearing factor activation. However, the work of Koh 
(433) with dimethyl sulfoxide, diethylsulfone, etc., 
showed that these also enhance heparin absorption but 
here they act by a process other than calcium sequestra- 
tion since they are not chelating agents. Additionally, 
through chelate-like compounds with calcium ions, 
heparin may deplete capillary walls and decrease wound 
strength (28 I) .  Heparin inhibits calcification iri uitro and 
increases calcification in uiuo. The explanation for this 
phenomenon given by Harris el al. (434) was that there 
is binding of calcium by heparin in uitro and that hepa- 
rin acts as a template for calcium deposition irz uiuo. 
Leonard (435) found that it can cause sequestration of 
calcium. I n  addition, it induces a stimulatory effect on 
bone resorption (367). 


Heparin caused developmental anomalies in amphib- 
ian and sea urchin eggs. This was explained by DeCarli 
and Brachet (436) as being due to damage to the tran- 
scription of DNA. Skalka et al. (437) reported the in- 
corporation of labeled thyniidine into the DNA of rat 
thymocyte and spleen cell nuclei. I n  the presence of 
large amounts of heparin, this leads to the disintegration 
of the nuclei. 


The action on various tissues and organs has been 
given much consideration. Garin and Bassa (438) found 
that heparin eliminates quickly the action of total spleen 







extract which blocks up medullary inhibition. Sasaki 
(439) showed that there is a marked decrease of lympho- 
cytes in lymph nodes and the white pulp of the spleen 
after heparin is administered. The decrease in respiration 
of animal tissue caused by heparin was described by 
Schuster (440). Clinical investigation by Fegen et al. 
(441) indicated that heparin aids in prolonged ischemia 
time in an occluded renal artery after kidney injury. 
Heparin formed a gel when added to  homogenates and 
nuclear fractions of rat liver, thymus, spleen, and kidney 
(442). Lazzarini-Robertson (443) found that heparin 
has a strong inhibitory effect on the uptake of labeled 
serum-bound lipids by human and animal endothelial- 
type cells. This is probably due to the very strong nega- 
tive charge, acting directly at the cell membrane level. 
Xanthomatosis and burns of the skin are improved by 
heparin (8), and it stimulates growth of connective 
tissue (367). The cytotoxic effect of a rabbit antiserum 
on guinea pig myocardium was eliminated by heparin 
(444). 


Heparin has an inhibitory effect on hormones such as 
aldosterone (445) and testosterone (446). I n  euthyroid 
and hypothyroid patients receiving heparin alone, there 
were no changes in thyroxine-binding globulin and 
thyroxine-binding prealbumin ; according to Schatz 
et al. (447), it is possible that the heparin competes with 
thyroxine for binding sites. 


In various types of shock, there is an outpouring of 
heparin from the mast cells (367). However, in a study 
of anaphylactic manifestations in the rat, Salmon and 
Lecompte (448) found no inhibition to ovalbumin sensi- 
tivity. It was found by Vannas (449) to have a beneficial 
effect on iritis in the rabbit. In  addition to bone loss, an- 
other deleterious effect of heparin is increased mortality 
after its administration in the case of fat embolism (450). 
Also, the telogen phase in the hair may be precipitated 
prematurely, producing telogen effluvium (45 1). 


HEPARIN THERAPY AND PHARMACODYNAMLCS 


Heparin has been reported (452) to be an “ideal” 
anticoagulant in ease of administration. It is especially 
desirable because of its safety, rapid onset of activity, 
and reversibility. 


Reviews have been presented on anticoagulant and 
heparin therapy (8, 31 1-314, 453-459, discussing indi- 
cations, dosage, adverse effects, and contraindica- 
tions. 


Indications and Clinical Application-Heparin has its 
main use in acute thrombotic disease, vascular and 
cardiac surgery, and acute myocardial infarction (92). 
Its efficiency in reducing mortality in thromboembolism 
was questioned by Enger el al. (456), but it may decrease 
chest pain and thromboembolic complications (457). 


Its use in the treatment of pulmonary embolism was 
reported by Zilliacus (458), who claimed that it has cer- 
tain advantages as compared to vein ligation in legs 
since it acts on undiagnosed thrombi. Moser (459) 
found heparin to be the drug of choice in this complica- 
tion because of its (a )  immediate onset of action, (b) 
potent inhibition of the coagulation system, (c) enhance- 
ment of fibrinolytic dissociation of fresh thrombi, (d) 
inhibition of platelet breakdown (and, therefore, seroton- 


in release), and (e) prompt reversibility of anticoagu- 
lant action. 


In the treatment of cerebral thrombosis (460), anti- 
coagulant therapy postpones the arrival of an impending 
stroke, prevents transient ischemic attacks, and some- 
times stops the advance of a progressive thrombotic 
stroke. 


Other uses for heparin were mentioned by Engelberg 
(8), such as lowering of edema by its diuretic effect, 
neutralization of snake venom, lowering of hypertension, 
aid in burns and allergies, and prevention of athero- 
sclerotic disease. Some other possible uses of heparin 
were said by Jorpes (454) to be in Dupuytren’s contrac- 
ture and fat embolism. It is the anticoagulant of choice 
for patients under general anesthesia (452). 


Method of Administration and Dosage-Heparin is 
ineffective when given orally. According to Estes (309), 
the minimum dose required to anticoagulate blood to a 
clinically desirable level is 35 units/kg. The various routes 
of administration for acute myocardial infarction and 
sustaining therapy described by Lomax (461) are: (a) 
continuous intravenous infusion-an initial dose of 
5000 I.U. and then 20,000-30,OOO I.U. in 1 1. of 5 %  
glucose or 0.9 % sodium chloride solution given slowly 
over the next 24 hr., (b) intermittent intravenous infu- 
sion-5000 I.U. every 3 hr., (c) intramuscular-an initial 
intravenous dose of 5000-10,OOO I.U. and then 20,000- 
40,OOO I.U. injected every 8-10 hr., and (d) deep subcu- 
taneous injection-20,000-40,000 I.U. injected subcu- 
taneously, which can prolong coagulation up to 16 hr. 


For pulmonary embolism, Moser (459) suggested 
that 7500 units of heparin be given subcutaneously 
every 6 hr. or 10,OOO units every 8 hr. This dosage is 
maintained until the patient’s cardiopulmonary status 
has stabilized and all traces of venous thrombosis have 
departed. Miller el  al. (462) claimed, however, that 
streptokinase is more effective after 72 hr. than heparin. 


The dose in cerebral thrombosis (460) is 50 mg. every 
4 ht. in progressive stroke or with transient ischemic 
attacks. The therapy is maintained for 1-3 weeks, and 
then oral coumarin therapy is continued for 1 year or 
more. 


Pharmacodynamics of Heparin-Since heparin is 
used in emergency prophylactic treatment, its pharmaco- 
dynamic properties must be understood. It was 
found that intravenous injection of heparin follows a 
logarithmic linear regression curve (463). Studies on the 
relative volume of distribution and half-life (464) re- 
vealed that all log plasma heparin concentration-time 
curves fitted an equation for first-order kinetics, even at 
the highest doses. The relative volume of distribution 
varied with the dose but not the half-life. These data 
agree with the hypothesis that heparin may leave the 
plasma by uptake into the reticuloendothelial system 
and could indicate the reason for the problems found in 
devising practical and reliable dose schedules. In later 
investigations, Estes (309, 465) found that the half-life 
of heparin’s anticoagulant activity is approximately 1-1.5 
hr., and the equation expressing the relationship be- 
tween dose ratio and dose interval is: 
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where R* is the dose ratio, D* is the initial dose, D is the 
maintenance dose, is the rate constant for elimina- 
tion, and T is the dose interval. I t  is found then that 
maintenance of anticoagulation t o  a degree meeting 
common acceptance is met by administering heparin at  
intervals approximating the half-life (465). 


Contraindications-Heparin should not be given to 
patients with a history of bleeding diathesis, bleeding 
ulcer, severe hypertension or cerebral hemorrhage 
(466), jaundice, purpura, hemophilia, acute bacterial 
endocarditis, and accessible ulcerated lesions (especially 
of the GI tract) (378). 


Adverse Effects-Rodman (3 1 1) stated that prolonged 
use of large doses of heparin (over 200 mg. daily for 6 
months or longer) may produce osteoporosis. He also 
mentioned as side reactions: (a) dysesthesis pedia, which 
is an intense itching of the soles of the feet, and (b) the 
possibility of inhibition of the adrenal cortical synthesis 
of aldosterone. 


Various other adverse effects, described by Lomax 
(461), include transient alopecia, spontaneous hemor- 
rhage, hypersensitivity, anaphylactoid reactions, throm- 
bocytopenia, fever, and acute adrenal hemorrhage. 


ANTAGONISTS OF HEPARIN 


The substances that antagonize the anticoagulant 
action of heparin are important in the control of hepa- 
rin therapy and in assay techniques. A review by Agolini 
(467) discussed the inactivating power of various chemi- 
cals on heparin and dextran sulfate. A list of antiheparin 
agents, given by Stamm (468), includes protamine, 
clupein, polylysine, lysozynie, polybrene, toluidine blue, 
fuchsin, and tryptophan. 


Garagnini and Fuccini (469) suggested that the inhib- 
iting action of lysozyme on heparin is due to bond for- 
mation between the two substances. Protamine sulfate, 
a low molecular weight protein with a strong basic 
charge, is antagonistic to the clearing action of heparin 
(470). The early stages of blood coagulation in oiiro are 
inhibited by protamine and polybrene (471) by inter- 
fering with the activation of factor IX (plasma thrombo- 
plastin component, Christmas factor). Factor 1X is 
activated i n  the presence of calcium by activated factor 
XI, a reaction accelerated by thrombin. Protamine pre- 
vents this activation by inhibiting the activated XI. 
Heparin does this by being antithronibic, whereas poly- 
brene acts directly against the inactive 1X. This inhibi- 
tion is probably due to a competitive complex formation 
since the inhibitory action of each can be overcome by 
increasing the concentration of its antagonist. 


The ratio of protamine sulfate antagonistic to heparin 
is given as 1 : 1 by weight (461). According to Lowary 
C I  al. (472), this is not always true but is also dependent 
on the tissue source of the heparin in  both it1 uitro and 
iri uiuo studies. Yen et al. (473) gave the activity of the 
antiheparins as @-lipoprotein < thrombin clotting 
system < Christmas factor < platelet protein < prota 
mine sulfate. 


In comparison to  toluidine blue, which is very toxic, 
polybrene administered intravenously promptly and 
conipletely neutralizes the anticoagulant action of hepa- 
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rin, with minimal hypotension and no disturbance in 
pulse rate (474). 


Several other less known inorganic and organic sub- 
stances also have antagonistic properties to heparin. 
Hexavalent coniplexes of cobalt and chromium were 
quite active and complexes of acriflavine, stilbamidine, 
and vioinycin were slightly active (475). Visconti et al. 
(476) discovered that carbon disulfide showed signifi- 
cant antiheparin activity in blood. Substances such as 
phosphate and sulfate ions, adenosine triphosphate, 
adenosine diphosphate, and myosin were able to remove 
the antihemostatic effect of heparin (477). 


HEPARINOIDS AND HEPARIN-LIKE SUBSTANCES 


This section discusses those substances that have a 
similar biological action as heparin. The quest for a 
substance with a high anticoagulant activity and low 
toxicity still continues. 


Sulfur esters of chitin, starch, and cellulose are effec- 
tive as anticoagulants in uitro but are toxic on injection 
into animals. Dextran sulfate is harmless, but the maxi- 
mum activity is 15 units/mg. (478). Wood and Mora 
(479) found that glucose sulfates (degree of substitution 
2.6-3.0) had approximately the same activity as clinical 
preparations of heparin. Amylose, amylopectin, and 
guaran, after being sulfated, gave low iri uiiro anticoagu- 
lant activity, suggesting the importance of N-sulfation 
(480). A sulfated alginic acid5 has been used as a heparin 
substitute in therapy (361). 


Other heparin-like substances include a sulfonic poly- 
saccharide (Structure 11) made by Aznar el al. (481). It 
has marked fibrinolytic activity and is able to inhibit 
platelet aggregation but has little anticoagulant effect. 
Wolfrom and Wang (482) prepared an N-sulfated hepa- 
rinoid from amylose which has negligible activity. 
Chitosan was modified by sulfation and oxidation by 
Whistler and Kosik (483). converting some of the sugar 
units to uronic acid. The highest anticoagulant activity 
attained (60 I.U./mg.) was after all amino groups were 
sulfated, 0-sulfate content was increased, and uronic 
acid groups were introduced. Still another semisynthetic 
anticoagulant, a Pentosan-polysulfo-ester (SP 54), was 
introduced by Walb et al. (484). In contrast to heparin, 
iri uitro this compound has less influence on coagulation 
and 10 times as great anticomplementary action. Re- 
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cently, a synthetic sulfated polygalacturonic acid methyl 
ester6 was introduced by Jarrett and Jaques (485) which, 
when administered in conjunction with edetate, has 
potential as an oral anticoagulant based on the 
assumption that the chelating agent would form chelate 
bonds with ions which would otherwise obstruct the 
absorption of the heparinoid. 


Bhattacharya and Singh (299) conducted a compara- 
tive study of polyanionic compounds, such as poly- 
estradiol phosphate and polymethylene salicylate, but 
discovered that they possess only a fraction of the ac- 
tivity of heparin. 


Unmodified heparin-like substances from natural 
sources have shown some promise as anticoagulants. 
Heparin-like anticoagulants were extracted from clams 
( I  1-1 3,486). These have acetyl residues but have a high 
activity (130 I.U./mg. from mantle tissue), low toxicity, 
and a higher molecular weight than heparin. The polysac- 
charide, carrageenin, is not an antithrombin and does 
not inhibit the viscous metamorphosis of thrombocytes 
as does heparin, but it does decrease fibrin polymeriza- 
tion (487). Matsuoka el al. (488) found that charonin 
sulfuric acid, a polysaccharide from the mucus of Char- 
onia Iumpis, remarkably prolonged whole blood clotting 
time after intravenous injection in the rabbit but had a 
toxicity 3.6-7.2 times as strong as heparin. A list of 
other natural and synthetic anticoagulants was given by 
Bernfeld (356). 


Whale heparin (w-heparin) was first isolated by Yosi- 
zawa (489) from the lungs and intestines of the finbdck 
whale (Balaenoprora physalus). It contains N-acetyl 
glucosamine, to which the other groups of heparin are 
attached (490), and has approximately the same molecu- 
lar weight as heparin (491). The structure was confirmed 
with NMR by lnoue and Inoue (492). Masao (493) re- 
ported that w-heparin from lung tissue exhibited higher 
activity than heparin, and it was also found to be longer 
lasting (494). The heparin isolated from the small in- 
testine of whales showed a much higher anticoagulant 
activity than bovine heparin (495). Whale intestine 
heparin was used therapeutically by Abe el al. (496) 
during and after an operation for occlusion of the bi- 
lateral iliac arteries. There was prolongation of blood 
clotting and recalcification time, but the amount of 
bleeding during and after the operation became insignifi- 
cant. Nagasawa (497) found, in addition to whale hepa- 
rin from the small intestines and lungs, that the whale 
(mucous) heparin also had high activity, 580 units/mg. 
(W. 


METABOLISM AND ENZYMATIC DEGRADATION 


Reviews on the metabolism of heparin were presented 
in 1966 by Whistler and Rowell (7), in 1968 by Dodgson 
and Lloyd (498), and in 1969 by Silbert (499). 


Studies with Labeled Heparin-With the preparation 
of a radioactive heparin, the possibility of quantitative 
metabolic studies could be attempted. A method was 
described by Lalich (500) for the synthesis of radioac- 
tive heparin using a process of N-desulfation and N- 
resulfation. The results of Eiber et af. (50l)h1dicate that 
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or ordinary heparin given orally would pass 
into the blood only to a very small extent and would 
have no effect on blood coagulation. However, when 
the labeled heparin was injected intravenously, the 
radioactivity in the blood increased in proportion to 
increases in clotting time and clearing activity. 


Labeling of heparin with tritium and 35S gives a stable 
product under a variety of conditions which retains the 
original physicochemical and biological properties (502). 
Heparin labeled with 3H was found by Barlow and 
Cardinal (503) to have an activity of 124 USP units. 


Dietrich and Montes de Oca (504) isolated radioac- 
tive mucopolysaccharides from HeIda, K., mouse, and 
rat embryo cells grown in the presence of a culture me- 
dium with radioactive inorganic sulfate. A SICr-labeled 
heparin was made by refluxing heparin with “CrC13 by 
Varga ef af. (505). This could be important in investi- 
gations of the function of heparin in oioo and in oirro as 
well as its metabolic fate. 


Biosynthesis-Studies by Silbert (506-509) indicate 
that an N-acetylated glycosaminoglycan is transformed 
into heparin at the polymer stage. Also, the polymeri- 
zation appears to take place in close proximation to the 
sulfation in the mast cell. The resulting sulfated poly- 
saccharide remains bound to the same particulate prep- 
aration that catalyzes the heparin formation. 


In contrast, the results of Rice er al. (510) on the mas- 
tocytoma showed that there is transfer of sulfate to 
small molecular weight precursors. Also, the observa- 
tions of Marx and Eisenman (511) establish that the 
major portion of the “microsomal” fraction from the 
honiogenates of Furth mast cell tumor was capable of 
controlling the transfer of radioactive sulfate to N-de- 
sulfated heparin. Balasubramanian et al. ( 5  12) con- 
cluded that apparently free amino groups are required 
for the enzymatic N-sulfation of glycosaminoglycans. 


Most of heparin exists in nature in firm covalent 
combination with protein and does not appear in  ap- 
preciable amounts as an extracellular component of 
connective tissue (498). Helting (513), in 1971, investi- 
gated the natural trisaccharide, 3-O-P-~-galactosyl-4-0- 
0-D-galactosyl-D-xylose, of the heparin-protein linkage 
region and found that partial acid hydrolysis of “C- 
galactose-labeled endogenous acceptor yielded several 
fragments with the characteristics of neutral oligosac- 
charides previously isolated from the heparin-protein 
linkage regions and, in addition, a compound with the 
chromatographic qualities of N-acetyl lactosamine. This 
confirmed the biosynthesis scheme of acid mucopoly- 
saccharide production offered by Dorfman (514). 
Scheme VI (514) shows the biosynthetic pathways of the 
acid mucopolysaccharides of connective tissue. A more 
recent scheme (Scheme VII) was presented by Silbert 


Studies on Catabolism-Danishefsky and Eiber (51 5) ,  
in 1959, concluded from excretion studies with heparin- 
35S that the sulfate linkages of heparin were cleaved as a 
result of metabolic degradation; with small doses, all of 
the 35S0.i in the urine was in the form of inorganic sul- 
fate while larger doses of heparin-35S04 led to the out- 
put of some urinary heparin-%04. The findings of 
Lloyd el al. (516) complemented those of Danishefsky 
and Eiber (515) and also showed the presence in the 
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urine of a material with an electrophoretic mobility 
similar to heparin but a reduced molecular weight. Thus, 
it appears that greater catabolism is reserved for higher 
molecular weight materials. 


Lemaire el al. (517) found the formation of partially 
desulfated catabolite in the urine and strongly labeled 
sulfonucleotides in the liver. The heparin excreted in the 
urine was termed uroheparin by McAllister and Dennis 
(518) and was shown to have about half of the antico- 
agulant activity of ingested heparin; the number of 
moles of sulfate per repeating unit was 3.94 for uro- 
heparin in contrast to 5.6 for heparin. 


Degradation by Enzymes-The change in heparin 
after absorption in the body is thought to be due mainly 
to bacterial enzymes. Heparinase, isolated by Walker 
(519) from Flaaobacterium heparinum, a Gram-negative 
soil bacterium, reduces heparin and heparitin sulfate 
to oligosaccharides, with glucosamine or N-acetylgluco- 
samine as the reducing end-group. Linker and Hovingh 
(520) fractionated a crude heparinase on a Sephadex 
column and obtained two active fractions. The first had 
the properties of an eliminase, which degraded heparin 
and heparitin sulfate nonhydrolytically to di- and oligo- 
saccharides containing a,/3-unsaturated glucuronic acid. 
The second had the properties of a glucuronidase, which 
hydrolyzed the unsaturated uronides to monosaccharides. 
Dietrich (521) identified the products of such a bacterial 
degradation as glucosamine 2,6-disulfateY saturated 
disaccharides made up of uronic acid and glucosamine 
and containing two and three sulfate residues, and tetra- 
and hexasaccharides with the same disaccharide units. 
From this, he concluded that positions 2 and 6 are the 
positions for the N-sulfate and 0-sulfate, respectively, 
in the disulfated glucosamine molecule. He (522, 523) 
also showed that five enzymes from F. heparinum, acting 
in concert, were able to degrade heparin to its mono- 
saccharides. Karapally and Dietrich (524) isolated a 
uronic acid isomerase from F. heparinum which con- 
verts glucuronic acid and galacturonic acid to fructuronic 
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Scheme VII-Biosynthelic pathway of mucopolysaccharides (499) 


acid and tagaturonic acid. Hovingh and Linker (525) 
found that a heparinase and a heparitinase could be 
obtained from F. heparinum, and the specificity appears 
to be related to the presence or absence of N-acetyl 
groups. Whale heparin was degraded by Yosizawa (490) 
by crude heparinase to three major monosaccharides: a- 
keto acid, N-sulfated glucosamine, and N,O-desulfated 
glucosamine. There were also minor products: N- 
acetylglucosamine containing unsaturated oligosaccha- 
rides. 


A group of enzymes from F. heparinum, the sulfami- 
dases capable of liberating inorganic 35S04-2 ions, was 
discovered by Lloyd et a f .  (526). The sulfamidases ex- 
tracted from bacterial and mammalian sources differed 
in that the mammalian enzyme liberated inorganic 
36Q04-2 ions only from 3GS-heparin and the bacterial 
enzyme preferentially degraded authentic 2-deoxy- 
2(aSS]-sulfamino-~-glucose but to a lesser degree [ 3eS]-  
labeled polymer (527). The actions of sulfamidase and 
sulfoesterase in the desulfation of the catabolites of 
heparin were studied by Dietrich (528, 529). Recent 
work on heparin degradation (530, 531) established the 
presence in rat tissues of an entirely normal mammalian 
system which has the ability to degrade the sulfamate 
groupings of exogenous [ a5S]-sulfoamino-heparin and 
thus exhibits the characteristics of a “heparin sulfami- 
dase.” 


Testicular hyaluronidase was shown by Ogren and 
Lindahl(532) to digest and degrade heparin from mouse 
mastocytoma. The results of this investigation suggest 
that the molecular weight of the newly synthesized 
heparin is much higher than that of the polysaccharide 
stored in the mast cell granules; the heparin released 
from the mast cell in uiuo is believed to originate from 
these granules, thus having partially degraded rather 
than intact polysaccharide chains. 


HEPARITIN SULFATE 


Heparitin sulfate, also referred to as heparan sulfate 
or heparin monosulfate, is closely related to heparin. A 
general review was written by Spiro (533) in 1965. 
Heparitin sulfate is obtained as a by-product in the 
preparation of heparin from lung and liver tissue (534). 
It has a lower sulfate content than heparin (535) and, 
unlike heparin, the glucosamine residues are partly 
N-acetylated and partly N-sulfated. The most important 
linkage in this mucopolysaccharide is 1 + 4 and there 
may be branching (536). The major uronic acid of hepa- 
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ritin sulfate seems to be glucuronic acid, but the presence 
of L-iduronic acid was also demonstrated as in the case 
of heparin (537). In contrast to heparin, heparitin iso- 
lated from the human aorta has a higher molecular 
weight (24,000-29,OOO) and negligible antithrombin 
activity (534), and it is bound to protein by way of serine 
(538). On treatment of heparan sulfate with alkali or 
proteolytic enzymes, it behaves as a multichain proteo- 
glycan such as chondroitin sulfate or keratan sulfate 
(539). 


Heparitin sulfate has been isolated in small amounts 
from human brains (540) and other mammalian brains 
(541-543). Some evidence (544) indicates that muco- 
polysaccharides also may be present in the extracellular 
space in the brain. This could be important in under- 
standing the blood-brain phenomenon, since the dis- 
tribution of various ions and other high molecular 
weight substances in the CNS could be influenced by 
the localization of charged mucopolysaccharides. 


Studies report the isolation of small amounts of hepa- 
ritin sulfate in the dermis of mammalian skin (545) and 
chicken skin (546). The skin of hogs (547) and that of 
neonatal rats (548) yielded heparitin sulfate constituents. 
It was discovered that, in contrast to  heparin, the hepa- 
ritin sulfate content in rat skin increased with age rather 
than decreased (549). 


Other sources of heparitin sulfate include the pig 
aorta (550), bovine periodontal membrane ( 5 5  I), human 
umbilical cord (552), and beef lung tissue (553, 554). 
Normal urine was found to contain heparan sulfate 
with a molecular weight of 8000-30,000 and calculated 
Stokes radius of about 60 8, (555). It was separated from 
dermatan sulfate and chondroitin sulfate in the urine 
by a cetylpyridinium method (566), electrophoresis 
(557), and column chromatography (558, 559). Hepari- 
tin sulfate was recently isolated from cotton wick granu- 
lation tissue of rats (560) and mouse fibroblast line 3T6 
(561). It was found also in young mast cells in addition 
to heparin (562). 


Abnormal excretion in the urine of mucopolysac- 
charides can be related either to disorders of a hereditary 
character or to a series of conditions where there is a 
metabolic defect involving the connective tissue. These 
pathological conditions have been termed the muco- 
polysaccharidoses, and several reviews have been 
written concerning them (33, 563-570). Heparitin sul- 
fate was detected in abnormal amounts in the urine of 
patients with San Filippo’s (566), Morquio’s (571), 
Hunter’s (565, 567, 571, 572), Hurler’s (563, 567, 568, 
573-577), and Ulrich-Scheie’s (567) syndromes. Some 
methods of detection of the mucopolysaccharides in 
Hunter’s syndrome were paper chromatography (578) 
and ion-exchange chromatography (579). Glycosamino- 
glycans from the liver and spleen of patients with Hur- 
ler’s syndrome had much lower molecular weights than 
normal, consisting of single chains of a mclecular weight 
of about 5000 together with multiples of up to four such 
chains attached to peptide moieties (571). 


The mechanism involved in the pathogenesis of muco- 
polysaccharidosis was indicated by Hers and Van Hoof 
(580) as : (a) the mucopolysaccharides are synthesized 
in excess by the fibroblasts, released in the circulating 
fluids, and ther, excreted in the urine or taken up by the 
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tissues through endocytosis; or (6) the mucopolysacch- 
arides are typical inborn lysomal diseases, similar to 
type I1 glycogenosis. 


BONDING OF HEPARIN TO SURFACES 


With the advent of prosthetic circulatory devices, 
there has been a search for materials that: (a) cause no 
change in the blood, (b) stand up for long periods of 
time, ( c )  are compatible with tissue, (d)  can be sterilized, 
and (e) are available both as rigid and flexible materials. 
Of these prerequisites, the first is probably the most 
urgent, so that clotting is not initiated at the surface 
and hemolysis of the red cells does not occur. 


Heparin appears to be satisfactory for the blood com- 
patibility requirement, but it must be bonded in some 
way to other materials. In 1963, studies were conducted 
with colloidal graphite surfaces which had been rinsed 
with a surfactant capable of bonding heparin (581). The 
resistance of this new surface was far greater to clot 
formation and was much better than plastic or silicone, 
but small amounts of heparin left the surface during a 
10-hr. period. Some of the significant features of these 
heparinized surfaces are that there are no in uiuo thrombi 
and the {-potential is less than in a benzalkonium sur- 
face without heparin (582). Recent reviews were pre- 
sented by Gott and Furuse (583), Salzman (584), and 
Yen et al. (585). 


Polystyrene, polyethylene, butadiene-vinylpyridine, 
polyvinyl chloride, silicone rubber, and many other 
materials can be rendered nonthrombogenic by a physi- 
cal surface bonding of heparin on quaternary groups 
attached to  the polymer (581-591). The procedure in- 
volves chloromethylation, quaternization, and heparin- 
ization (592) and the typical reaction is shown in Scheme 
VIII (593). Tests conducted by Fourt et al. (594) of some 
of these heparin-bearing surfaces on nylon and on hepa- 
rin base with collodion in dilute films present evidence 
that heparin on the walls may be more effective than 
heparin in solution. 
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Milligan et al. (595) believed that the antithrombo- 
genic property is not due to heparin, since most of it is 
eluted and a colloidal graphite coating alone has similar 
properties to animal tissues. On the other hand, Usdin 
and Fourt (596) found only partial dilution of heparin 
from surfaces exposed to whole blood, plasma, or serum. 
This seems to be dependent on the particular protein 
fraction used and the nature of the cationic surface 
(597). 


Heparin, chemically bonded to rigid and flexible 
materials including regenerated cellulose and other 
hydroxyl-bearing substrates by amination through 
graft polymerization with ethylene imine, yielded per- 
manently coated surfaces even under high fluid shear 
(598). Another aminated surface on glass, made from a 
polymer of 2-hydroxy-3-methacryloyloxypropyltri- 
methylammonium chloride, showed platelet adhesion 
but exhibited no attraction of proteins and platelets to 
the film when exposed to heparin (599). Britton el a/. 
(600) demonstrated that heparinized aminoethylated 
cellulose tubing at low levels of aminoethylation had 
excellent mechanical strength as well as antithrombo- 
genic properties. 


Rubber surfaces that had good blood compatibility 
were made by chemically binding heparin onto the sur- 
face of a diamine-cured polyurethan rubber, but there 
was a significant thrombosis rate (601). A nonthrombo- 
genic surface on silicone rubber was made by combining 
graphite, silicone rubber, benzalkonium chloride, and 
heparin (602). In addition, Hepacone (a combination of 
heparin and silicone rubber) and Hepacone-6 (a com- 
bination ofcolloidal graphite, heparin, and silicone) were 
described by Hufnagel el af. (603) for intravascular ap- 
plications. 


Other elastomeric complexes were synthesized by 
Yen and Rembauni (604) from polyether diisocyanates, 
which had desirable mechanical properties; it was 
shown that an ionic bond had been formed between the 
heparin and the quaternized polyether polyurethan. 
In addition, a new family of linear elastomeric ionenes 
or cross-linked homo or block polymers containing 
nitrogen were synthesized, which were capable of bond- 
ing with heparin (605,606). 


The use of heparinized polyester fibers in vascular 
prostheses is finding increased interest. Najjar and Gott 
(607) suggested that a heparinized, small diameter, 
Dacron graft would find excellent applications in  lower 
extremity vascular surgery and possibly in coronary 
artery bypass. Two methods were developed by Hersh 
d ul. (608) for heparinizing polyester fiber. One method 
involves the fixation by heat of a water-insoluble com- 
plex of heparin onto the polyester; the second uses an 
aniinosilane coupling agent to bond the heparin ionic- 
ally to the protonated amine. Conflicting reports as to 
which is most effective have been issued. According to 
Hersh and Weetall (609), the thermal method is better 
since ionically bound heparin eluted from the Dacron 
quicker. However, in a later report, Hersh ef af. (610) 
inferred that the Dacron grafts that had ionically bound 
heparin yielded the best results on both tissue and blood 
compatibility. 


Membranes for hemodialysis and encapsulation have 
been constructed from heparin combined with nylon 


and cellulose. Luttinger and Cooper (611) devised two 
methods for binding heparin to nylon membranes. In 
the first, free amino groups are readily quaternized with 
methyl iodide and the surface is placed in contact with a 
dilute aqueous heparin solution; in the second, there is 
surface attachment of quaternary ammonium salt to 
the membrane surface, followed by heparinization. A 
heparin-complexed membrane for coating on micro- 
capsules, which might be useful for treating certain 
enzyme-deficient diseases, was made by combining a 
benzalkonium-heparin complex with an ether-colloidin 
solution (61 2). Promising nonthrombogenic properties 
were demonstrated by heparinized DEAE CA-cellulose 
acetate membranes with an indefinite clotting time (613). 
Measurement of heparin permeability through cellulose 
membranes gave variable results, possibly because of the 
polydispersity of commercial heparin (614). 


Heparin also may be easily embedded on the surface 
of biologically derived collagen membranes, which may 
permit kidney dialysis (615). The effects of heparin on 
this membrane showed little influence on the recalcified 
clotting time until levels of 1-10 mg. of heparin/g. of 
collagen were reached and then there was an increase 
(6 16). For extracorporeal connections and membrane 
assemblies, as well as for potential intravascular implan- 
tation, Merrill e l  ul. (617) made a hydrogel by heating a 
homogeneous water solution of polyvinyl alcohol, hepa- 
rin, glyceraldehyde, and an acid catalyst. 


Some other interesting examples of heparin adsorbed 
physically and chemically on surfaces may find use in 
cardiovascular surgery. Flexible and rigid epoxy and 
urethan polymers containing heparin, chemically and 
uniformly incorporated throughout and/or ionicaUy 
complexed to quaternized amine groups, were implanted 
into the vena cava of dogs with no adverse effects on the 
blood (61 8). The innominate artery was reconstructed 
by Murray el a/. (619) with the use of a temporary hepa- 
rin-coated shunt bypass. Merenstein (620) flushed 
umbilical artery catheters with heparinized saline to 
maintain potency. The absorption of fibrinogen on mica 
surfaces was inhibited by heparin (621). 


An effect that occurs in polymer films after heparin 
uptake is that only small amounts of protein or oxide 
and no detectable amounts of fibrinogen or platelets are 
absorbed at the polymer solid interfaces (622). Another 
interesting effect is that materials treated chemically so 
as to introduce negatively charged groups, such as sul- 
fonate, carboxylate, or heparinate, tend to be anti- 
thrombogenic, but the surfaces must have a uniform 
negative charge (623). 


The limitation of heparinized surfaces given by Salz- 
man et a/. (624) is that deposition of platelets occurs on 
these surfaces which antagonize the action of heparin. 
Thrombocytopenia, platelet thrombosis, and embolism 
can complicate heparinized surfaces or extracorporeal 
surfaces with large surface areas unless methods are de- 
veloped to reduce heparin platelet interaction. It is also 
possible for hemolysis to be induced by heparinized 
polymers (625). According to  Friedman and Leonard 
(626), platelet adhesion on heparinized and nonhepa- 
rinized surfaces is similar. 


According to  Salzman (584), some of the problems 
that remain to be solved are: 
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1. What is the nature of events that occur at a blood- 
solid interface? 


2. What conditions must be satisfied for a material 
to be nonthrombogenic? 


Since thrombosis is probably most important among 
the complications with the development of artificial 
organs, these problems remain foremost in the minds of 
workers in this field. 
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DRUG S T A N D A R D S  


Quantitative Determinations of Phenylephrine and 
Phenylpropanolamine Hydrochlorides in Combination 


BHAMY B. SHENOY and V. DAS CUPTA' 


Abstract 0 The quantitative determinations of phenylephrine and 
phenylpropanolamine hydrochlorides in combination are reported. 
Phenylephrine hydrochloride is assayed using the Koshy-Mitchner 
method without interference from phenylpropanolamine hydro- 
chloride. Phenylpropanolamine hydrochloride is assayed using an 
acid-dye technique with negligible interference from phenylephrine 
hydrochloride. Beer's law is followed, and the best pH range for 
the extraction of the propanolamine-dye complex was determined 
to be 5.8-6.4. Buffer concentration does not appear to have any 
effect on the sensitivity of the assay method. In both assay methods, 
there is no interference from the antioxidant, sodium metabisulfite, 
and the preservatives, methylparaben and propylparaben. 


Keyphrases Phenylephrine and phenylpropanolamine hydro- 
chlorides in combination-analysis using the Koshy-Mitchner 
method and acid-dye technique 0 Phenylpropanolamine and 
phenylephrine hydrochlorides in combination-analysis using 
Koshy-Mitchner method and acid-dye technique 0 Drug mixtures 
-analysis of phenylephrine ahd phenylpropanolamine hydrochlo- 
rides in combination 


The biggest challenge to a pharmaceutical analyst is 
how to assay one active ingredient in the presence of 
another. One such problem arises when two deconges- 
tants, phenylephrine hydrochloride (I) and phenyl- 
propanolamine hydrochloride (11), are mixed together. 
The quantitative determinations of I and I1 in separate 
formulations have been reported by many workers 
(1-5). Ponder (6) reported a column chromatography 
technique for the separation of I from codeine, dex- 
tromethorphan, and 11. Recently, Brown and Portmann 
(7) reported a modified version of the periodate tech- 
nique of Chafetz (3) for the analysis of these two de- 
congestants in combination in a mixture with aspirin. 
According to these authors, the method requires: 
". . .careful adjustment of pH, [for] selective separation 
of two oxidative compounds, benzaldehyde and rn-hy- 
droxybenzaldehyde. . . " 


The purpose of this paper is to report simple and 
accurate methods for the analysis of I and I1 in com- 
bination without prior separation. Compound I can 
be assayed by the Koshy-Mitchner method (2), and 
Compound I1 can be assayed by an ion-pair extraction 
technique using an acid dye, bromthymol blue. 


EXPERIMENTAL 


Cbemicala and Reagents-All of the chemicals and reagents used 
were USP, NF, or ACS grade. Phenylephrine hydrochloride' and 


phenylpropanolamine hydrochloride' were used without further 
purification. 
Reparation of Warer SolutimgPhosphate buffers (0.05 M) 


of various pH values were prepared according to USP XVII (8). 
The phosphate buffers of other concentrations (0.025, 0.075, 0.1, 
and 0.125 M) were prepared similarly. 


Reparation of Bmmthymd Blue S o l u t l d l u t i o n s  of brom- 
thymol blue (1 X 10-4 M) in phosphate buffers of various pH values 
and concentrations were prepared using a procedure reported 
earlier (9). The pH of each solution was determined with a pH 
meter'. 
Reparation of Standard Solutions of I and II-Stock solutions of 


I and I1 were prepared by dissolving 100 mg. of the powder in 
enough distilled water to make 250 ml. These stock solutions were 
used to prepare solutions of lower concentrations as needed. 


Preparation of Assay sdutions of I and II In Combtion-The 
following three assay solutions were prepared in distilled water 
using a simple solution method: 1, 0.125z of I and 1 z of 11; 2. 
0.25% of I and 1 z of 11; and 3,O.Szof I and 1 %of 11. 


Determination of meet of Buffer Coacentration on Extradon of 
A~nlne-Bromthymd Blue Complexes-A 5.0-ml. quantity of an 
appropriate amine salt solution (I, 11, chlorpheniramine maleate, or 
methapyrilene hydrochloride) containing 15 mcg./ml. was mixed 
with 5.0 ml. of dye solution (pH 6.4) of appropriate buffer concen- 
tration, ranging from 0.025 to 0.125 M in a 250-ml. separator. 
A 10.0-ml. quantity of chloroform was added and the mixture was 
shaken for 60 sec. The phases were allowed to separate, and the 
absorbance of the clear chloroform layer was determined at 420 nm. 
A blank was prepared by substituting 5.0 ml. of distilled water for 
the amine salt solution in the procedure. The results are presented 
in Fig. 1. 


W 


0 : 0.2 i0-31 a 
n I 0 


Oel t * 
0 0.025 0.05 0.075 0.1 0.125 


PHOSPHATE BUFFER CONCENTRATION, moles/l. 


Figure 1-wit of bufer concentration on extraction of amine- 
bmmthymd blue complexes. Key: A, ephedrine-dye complex: 0, 
chlorpheniramine-dye complex; 0, phenylpropmdamine-dye com- 
plex; and 0, plienylephrine-dye complex. 


1 Winthrop Laboratories. 
* S. B. Penick. 
8 Zeromatic. 


802 Journal of Pharmaceutical Sciences 







Table I-Correction Factors for 11 


Factor to be Subtracted 
from Absorbance Value Solution Number 


o 4.6 5.2 5.8 6.4 7.0 7.6 8.2 


Figwe 2-Effect of p H  on extraction of phenylpmpandamine-dye 
complex with chloroform. 


PH 


Detennlnation of meet of pH on Extraction of II-Bromthymol 
Blue Complex-The effect of pH on the extraction of a II-dye com- 
plex with chloroform was determined using the procedure reported 
under Determination of Effect of Buffer Concentmtion on Extraction 
of Amine-Bromthymol Blue Complexes, except that dye solutions 
of various pH values in 0.05 M phosphate buffer solutions were 
used. The results are presented in Fig. 2. 


Preparation of Calibration Curve for 11-A 5.0-ml. quantity of 
an appropriate solution containing various concentrations of I1 
was mixed with 5.0 ml. of a dye solution (pH 6.4) in phosphate 
buffer (0.05 M). Then 10.0 ml. of chloroform was added, and the 
mixture was treated in the manner described under Determination 
of Effect of Buffer Concentration on Extmction of Amine-Brom- 
thymd Blue Complexes. The results are presented in Fig. 3. 


0 10 20 XI 40 50 
PHENYLPROPANOLAMINE HYDROCHLORIDE, rncg./rnl. 


Figure 3-Standard curw for phenylpropanolamine hydrochloride. 


1 
2 
3 


0.003 
0.006 
0.012 


Table II-Assay Results on I and I1 


Solution 
Number I I1 


-Results in Percent of Claim- 


2 


1 99 * 47 
100.80 
99.47 


Average 99.91 
Avg. dev. f0.59 


97.77 
97.77 
99.24 


Average 98.26 
Avg. dev. f 0.65 


3 


98.15 
99.47 
98.15 


Average 98.59 
Avg. dev. &0.59 


100.80 
100.80 
99.47 


Average 100.36 
Avg. dev. +O. 59 


99.29 
97.77 
97.77 


Average 98.26 
Avg. dev. =LO. 65 


100.70 
97.77 
100.70 


Average 99.72 
Avg. dev. 3~0.61 


Determination of Interference from Sodium Bisulfite, Methyl- 
paraben, and Ropylparaben-To determine the interference from 
the antioxidant, sodium bisulfite, and the preservatives, methyl- 
paraben and propylparaben, a solution containing 0.2% of sodium 
bisulfite, 0.02x of methylparaben, and 0.01% of propylparaben 
was prepared in distilled water, using a simple solution method. 
These are the usual concentrations added to nasal drops. The 
solution was assayed in the same manner as described under Assay 
Procedure for I t  in Combination with I. This solution was also as- 
sayed for I using the Koshy-Mitchner method' (2). There was no 
interference in the assay procedures from the preservatives and the 
antioxidant. 


Determination of Interference from I-A solution containing 15.0 
mcg./ml. of I was assayed in the same manner as described under 
Assay Procedures for I. There was a minor interference in the assay 
procedure. The correction factors are presented in Table I. 


Determination of Interference from 11-A solution containing 
eight times more of 11 than I was assayed using the Koshy-Mitchner 
method' (2) for the determination of I. There was no interference 
in the assay procedure. 


h y  Procedure for 1 4 r n p o u n d  I was assayed using the 
Koshy-Mitchner method' (2). The results are presented in Table 11. 


h y  Procedure for 11 in Combination with I (Assay Solutions 
1,2 ,  and 3)-A 5.0-ml. quantity of the appropriately diluted assay 
solution containing 40.0 mcg./ml. of I1 was mixed with 5.0 ml. of 
the dye solution (pH 6.4, buffer concentration 0.05 M). Then 10.0 
ml. of chloroform was added, and the mixture was treated in the 
manner described under Determination of Effect of Buffer Concen- 
tration on Extraction of Amine-Bromthymol Blue Complexes. 


Calculation of h y  Results on 11-Rovided that the results on 
I are within limits as determined above by the Koshy-Mitchner 
procedure (2). the correction factors reported in Table I are sug- 
gested because of a minor interference from I. 


After making these corrections, the results were determined with 
the help of the calibration curve (Fig. 3) (Table 11). 


D~SCUSSION AND CONCLUSIONS 


The assay results (Table 11) indicate that I1 can be assayed using 
an acid-dye technique. Beer's law is followed within a narrow range 
of 30-50 mcg./rnl. of I1 (Fig. 3). The interference from I was almost 


4 Using borate buffer. 
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nil because I is not as strong a base as I1 since only the latter con- 
tains a primary amino group. There was no interference from the 
antioxidant, sodium bisulfite (0.273, and the preservatives, methyl- 
paraben (0.02x) and propylparaben (0.OlX). The best pH range 
for the extraction of the phenylpropanolamine-dye complex with 
chloroform appears to be from 5.8 to 6.4 (Fig. 2). A pH value of 
6.4 was preferred for these studies due to low blank values. The 
effect of buffer concentration on the extraction of the complex ap- 
pears to be negligible (Fig. 1). To confirm this finding, three more 
amines (chlorpheniramine, ephedrine, and phenylephrine) were 
tested and the results were identical (Fig. 1). Compound I can be 
easily assayed (Table 11) using the Koshy-Mitchner method (2) 
with borate buffer without any interference from 11, the antioxidant, 
and the preservatives. 
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Quantitative GLC Determination of 
Resorcinol Monoacetate in Dermatological Products 


PRAMOD P. KARKHANIS’, DAVID 0. EDLUND, and JON R. ANFINSEN* 


Abstract 0 A GLC procedure employing an internal standard of 
orcinol is described for the analysis of resorcinol monoacetate in 
dermatological preparations. The analysis of a cream or lotion is 
performed by the addition of an internal standard, acetylation, 
extraction with benzene, evaporation of benzene, addition of chloro- 
form, and then chromatography on a 5 %  cyano ethyl silicone 
column. 


Key phrases 0 Resorcinol monoacetate creams and Iotions-GLC 
analysis Dermatological creams and lotions, resorcinol mono- 
acetate-GLC analysis 0 Cream, resorcinol monoacetate-GLC 
analysis 0 Lotion, resorcinol monoacetate-GLC analysis 0 
GLC-analysis, resorcinol monoacetate in creams and lotions 


Due to its mild action, resorcinol monoacetate has 
been incorporated in dermatological products primarily 
for the treatment of eczema, psoriasis, and seborrheic 
dermatitis. In addition to the base, the dermatological 
preparations frequently contain sulfur, hydrocortisone, 
and hexachlorophene. 


Due to the complex matrix present in dermatological 
creams and lotions, the quantitative determination of 
resorcinol monoacetate requires extensive cleanup 
procedures. 


Methods of analysis for resorcinol monoacetate 
reported in the literature have included UV absorption 
(1, 2) and photometry after reaction with picric acid (3) 
or p-dimethylaminobenzaldehyde (4). Paper chroma- 
tography and TLC techniques have also been used ex- 
tensively (5 ,  6), and methods describing the use of GLC 
for phenolic compounds have been reported (7,8). None 
of these methods has been used for the quantitative 
determination of resorcinol monoacetate in a pharma- 
ceutical matrix. 


Table I-Statistical Data from GC Analysis of Resorcinol 
Monoacetate (RMA) in Cream Base Placebo 


RMA RMA 
Added,mg. Found,-. Bias, mg. SD, me. df CK Z 


13.50 13.45 -0.05 0.193 5 1.43 
15.00 14.94 -0.06 0.187 6 1.25 
16.50 16.53 f0.03 0.249 5 3.51 


The method described here utilizes an internal stan- 
dard technique and a simple cleanup procedure involv- 
ing acetylation and extraction. It allows the separation 
and determination of resorcinol monoacetate by GLC 
without interference from the excipients commonly 
present in dermatological creams and lotions. This 
method can be adapted to the quality control of re- 
sorcinol monoacetate in creams and lotions. 


EXPERIMENTAL’ 


Chromatographic Conditions-A 1.2241. (4-ft.), 2-mm. i.d.. 
stainless steel column packed with 5 %  cyano ethyl silicone on 
diatomite aggregate (high performance)’, 80-100 mesh, was used for 
the assay. The column temperature was 170°, and the detector and 
injection port temperatures were 220”. The helium carrier gas flow 
rate was 15 ml./min. A flame-ionization detector was used with a 
hydrogen flow rate of 30 ml./min. and an air flow rate of 450 
ml./min. 


Reagents and Solutions-The following were used: resorcinol 
monoacetate NF; orcinol, 95-99x pure’; acetic anhydride, 
reagent grade; and pyridine, reagent grade. 


1 A Hewlett-Packard 7620A research chromatograph with 7127A 


* Five percent XE-60 on Chromosorb G (HP), Supelco, Inc., Belle- 


a K k K Laboratories, Plainview, W 11803 


strip chart recorder and a 7670A automatic sampler was used. 
fonte. Pa. 
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Synthesis and Pharmacology 
N-3-( I-Butynyl) -benzylamine 


of a Pargyline Analog, 


JEROME F. SIUDA**, CAROLE CIHONSKP, R. DUANE SOPIAtS, and JOSEPH P. BUCKLEYt 


Abstract 0 The synthesis of a structural isomer of pargyline was 
undertaken to test certain structure-activity relationships. I n  uioo, 
the new compound, N-34 1-butyny1)-benzylamine. exhibited slight 
central stimulant effects but showed no MA0 inhibitory activity 
in uitro. 


Keyphrases 0 N-3-(l-Butynyl)-benzylamine (pargyline analog)-- 
synthesis and pharmacology, structure-activity relationships 0 
Pargyline analog-synthesis and pharmacology of N-3-(l-butynyl)- 
benzylamine, structureactivity relationships 0 M A 0  inhibitors- 
synthesis and pharmacology of pargyline analog, N-34 1-butyny1)- 
benzylamine, structureactivity relationships 


Pargyline (Ia) is an M A 0  inhibitor which demon- 
strates antidepressant action and also serves as a clini- 
cally effective antihypertensive agent. Structure-activity 
relationships for the propynylamine series (I) indicate 
that when the R groups are larger than methyl, a de- 
crease in both M A 0  inhibition and antidepressant 
activity is observed (1). The synthesis of N-3-(l-butynyl)- 
benzylamine (Ib), a structural isomer of pargyline, was 
undertaken to determine whether the shift of the methyl 
group from the nitrogen to the adjacent carbon in the 
propynyl chain would greatly affect pharmacological 
activity. Compound Ib was synthesized in two steps, 
beginning with the conversion of I-butyn-3-01 to 3- 
chloro-1-butyne (in low yield) followed by condensation 
of the latter with benzylamine. 


DISCUSSION 


As an in oioo testing procedure, a method similar to  that described 
by Everett and Wiegand (2) was employed. This procedure involves 
injection of the potential drug into mice followed by injection of 
dopa. The degree of increase in central activity is considered related 
to the effectiveness of MA0 inhibition. The method has been utilized 
to determine indirectly M A 0  inhibition. Since both In and Ib have 
identical molecular weights, comparisons were made at equal weight 
dose levels. Although Ib produced a slight increase in central ac- 
tivity, this increase was much less than that caused by pargyline. 
Even at higher toxic dose levels, this efTect on the central activity was 
much less intense than that of pargyline. The overall results indicate 
that Ib is at best a weak MA0 inhibitor compared to pargyline. 


Because Ib was questionable as an M A 0  inhibitor, it was tested in 
uitro. Pargyline exhibited a straight-line log dose-response relation- 
ship with an IDso (50% inhibition) of MA0 at approximtely 0.7 
mcg./ml. Compound Ib at concentrations up to 20 times the IDso of 
pargyline demonstrated no M A 0  inhibitory activity. It is possible 
that the slight increase in central activity exhibited by Ib was not due 
to MA0 inhibition but rather some other unknown factor. How- 
ever, the antidepressant encyprate was shown to be inactive in uitm 
but active in uioo, probably due to its metabolism to an active me- 


R, % 


tabolite in oioo (3). Nevertheless, based on these results, it was con- 
cluded, in agreement with Swett et al. (I), that optimum activity is 
apparently associated with a small atom or groups of atoms, i.e.. 
hydrogen or methyl connected to the nitrogen atom, and that fur- 
ther N-alkylation or further substitution on the aliphatic chain tends 
to decrease activity. 


EXPERIMENTAL. 


Phannacdogy-The hydrochloride salts of both In and Ib  were 
dissolved in distilled water. For testing in oioo, 152 male, albino mice 
(Swiss-Webster strain), weighing 20-32 g., were initially divided 
into groups of eight animals each. Each group was further separated 
into two subgroups of fouc mice each from which data were collected 
and pooled. According to a preset dosing schedule, all four mice in 
each group were administered various doses of the test drug intra- 
peritoneally and placed in Plexiglas boxes, 12.7 X 12.7 X 12.7 crn. 
(5 X 5 X 5 in.) with adequate ventilation. At time intervals ranging 
from 15 min. to 4 hr. following drug administration, mice were in- 
jected with 200 mg./kg. i.p. of DL-dopa suspended in 0.25% agar- 
agar. Immediately following dopa administration and for the 
ensuing 30 min., the mice were observed as a group and behavioral 
changes were observed and rated similar to a procedure described 
by Everett and Wiegand (2). Each parameter received a numerical 
score: Straub tail = 1, salivation = 2, jumping = 3, and fighting = 
4. The maximum total score for any group would be 10 (4 + 3 + 2 + l), which would be related to a very high level of MA0 inhibi- 
tion. 


Pretreatment of mice with Ib at 40-160 mg./kg. 1 hr. prior to  DL- 
dopa did not produce symptoms suggesting significant M A 0  in- 
hibitory activity. A dose of 320 mg./kg. of I b  resulted in a 100% 
mortality within 5 min. ; Ia resulted in a dosedependent relationship, 
with the maximal effect occurring at the 8O-mg./kg. dose. When ad- 
ministered by themselves, neither drug caused any of the behav- 
ioral characteristics being measured. 


When DL-dopa was administered at various time intervals follow- 
ing intraperitoneal injection of 240 mg./kg. of Ib, pronounced effects 
were observed. At the lbmin. time interval, when the increase in 
central activity was maximal, Ib appeared to be onethird to one 
sixth as potent as pargyline. However, the lethal effects of Ib were 
evident within 30 min. and all of the animals were dead within the 
4-hr. period. 


For in oitro testing, the procedure of Lovenberg et d. (4) was 
employed, using tryptamine as a substrate. The MA0 enzyme was 
obtained fresh from rat liver. Pargyline was tested at concentrations 
from 0.1 to 1.6 mcg./ml., and I6 was tested at concentrations of 0.1 
to 13 mcg./ml. 


Chemisby1-3-Chloro-l-buryne-A procedure similar to that 
described by Hennion and coworkers ( 5 ,  6) was employed. A mix- 
ture of l-butyn-3-ol(14.0 g., 0.20 mole), pyridine (0.3 g.), and freshly 
distilled thionyl chloride (23.8 g., 0.20 mole) was gently reflwed for 
30 min., cooled, and poured onto 60 g. of ice water. The mixture was 
extracted with 30 ml. of ether, and the organic phase was washed 
successively with water (2 X 5 ml.), 5 %  aqueous sodium bicarbonate 
(2 X 5 ml.), and finally again with water (2 X 5 ml.). After drying 
the ether solution for 2 days over calcium chloride, it was distilled 
through a 10 X 200-mm. Vigreaux column and 3.15 g. of the frac- 


1 Melting points were taken on a Thomas-Hoover ap aratus and are 
uncorrected. IR spectra were recorded on a Perkin-&mer Infracord 
spectro hotometer. NMR spectra were recorded on a Varian Asso- 
U t e s  1-60 spectrometer using spectroquality carbon tetrachloride as 
a solvent; chemical shifts are reported in parts per million (8) relative 
to tetramethylsilane as an internal standard. Elemental analyses were 
performed by Spang Microanalytical Laboratories, Ann Arbor, Mich. 
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tion distilling at 60-61.5" was collected. Longer or shorter reaction 
times and higher or lower temperatures failed to produce a yield in 
excess of 18%. Vapor phase chromatographic analysis of the prod- 
ucts from various experiments indicated a purity of 7040%. R e  
distillation of the 60-61 .So fraction afforded little additional purity. 
This material was used in the reaction with benzylamine. The purest 
samplewasemployedinspectralstudies; IR (neat):2150(-H) 
cm.-'; NMR (Cad): 1.65 (d, 3, C-CHI), 2.43 (d, 1, - 4 S C H ) .  and 
4.50 (quartet of doublets, 1, CI-CH). 


N-34 l-Butynyl)-benzylamine Hydrochloride-Similar to a pro- 
cedure described by Hennion and Nelson (7), a mixture of the above 
chloro compound (2.5 g.), benzylamine (13.1 g.), and water (3.2 ml.) 
was stirred at room temperature for 60 hr. At the end of this time, 
an equal volume of water (15 ml.) was added and two phases formed. 
The upper layer (organic phase) was separated, and the bottom 
layer (aqueous phase) was diluted again with an equal volume of 
water. Again two phases formed and the upper layer was combined 
with the first. Ether (25 ml.) was added, this solution was washed 
with water (2 X 5 ml.) and dried over potassium hydroxide, and 
the ether was removed in DOCUO. The residue was distilled through a 
Vigreaux column, and the fraction distilling at 168-172'/17 mm. Hg 
was collected; IR (neat):3400 (>NH) and 2150 ( - C d H )  cm.-l; 


(quartet of doublets, 1, N-CH), 3.88 (d, 2, ArCH,), and 7.22 (s, 5,  
ArH). This fraction was dissolved in 50 ml. of anhydrous ether, and 
hydrogen chloride gas was passed through the solution, giving 1.2 g. 
of a white solid (22x  yield based on pure 3thloro-1-butyne). 
Several crystallizations from benzene afforded an analytically pure 
sample, m.p. 210.5-21 1.5". 


NMR (CC14):1.31 (d, 3, C--CHa), 2.16 (d. 1, 4 d H ) .  3.38 


Anal.--Calc. for CIIHLCIN: C,  67.52; H, 7.16; N, 7.16. Found: 
C, 67.37; H, 6.97; N, 7.00. 
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Synthesis and Antifungal Activity of Polyhalophenyl Esters of 
Pyridyl- and 4-Quinolylcarbamic Acids IV 


I. LALEZARI., H. GOLGOLAB, A. SHAFIEE, and M. WOSSOUGHI 


Abstract 0 Polyhalophenyl esters of 2-, 3-, and Cpyridyl- and 2- 
phenyl4quinolylcarbarnic acids were synthesized. All pre- 
pared compounds inhibited the growth of Candida albicans at 50. 
mcg./ml. concentration. 


Key phrases 0 Pyridylcarbamic acid, polyhalophenyl esters-syn- 
thesis, antifungal activity 0 2-Phenyl-4-quinolylcarbamic acid, 
polyhalophenyl esters-synthesis, antifungal activity IJ Carbamic 
acid esters-synthesis, antifungal activity 0 Antifungal agents, 
potential-polyhalophenyl esters of pyridyl- and 2-phenyl-4- 
quinolylcarbamic acids 


In a continuation of the studies on the chemistry and 
antifungal activity of substituted carbamic acid esters 
(1-3), polyhalophenyl esters of 2-, 3-, and 4-pyridyl- and 
2-phenyl-4-quinolylcarbamic acids were synthesized by 
interaction of the appropriate azide and polyhalo- 
phenol (Scheme I). 


RCOCI + RCONI - RNHCOtAr 
R = 2-, 3-, or 4-pyridyl or 2-phenyl4quinolyl 


Ar = 2.4,6-tribromophenyl. 2,4,6-trichlorophenyI, 7,4,6-triiodo- 
phenyl, or pentachlorophenyl 


Scheme I 


EXPERIMENTAL' 


Picolinyl azide was prepared according to Meyer and Mally (4). 
Nicotinyl azide was prepared by the method of Curtius and Mohr 
(5 ) .  Isonicotinyl a i d e  was synthesized according to Yoshikowa (6). 
2-Phenyl-4-quinolylcarboxazide was obtained by the method of 
John el al. (7). 


2-Pyridylcahnmic Add Pentadrloropbenyl Ester-2-Pyridyl 
azide, 0.74 g. ( 5  mmoles), and 1.33 g. ( 5  rnmoles) of pentachloro- 
phenol in 30 ml. of dry toluene were gently reflwed for 30 min. 
After evaporation of the solvent under reduced pressure, the resi- 
due was recrystallized from 80% ethanol to give 1.16 g. (60%), 
m.p. 135'; m/e 384,386,388, and 390; vmu: 2900,1710,1620,1540, 
1470, 1440, 1410, 1360, 1320, 1250, 1150, 995, 980, 880, 778, and 
715 cm.-1. 


3-Pyridylcarlmmic Add 2,4,6Triiodophenyl Ester-This com- 
pound was prepared in a similar manner to its pentachlorophenyl 
analog; m/e 592; vmX: 3300, 1750, 1580, 1550. 1480, 1420, 1200, 
1060, lorno, 850, 810, 780, 740, and 703 cm.-i. 


CPyrfdylcarbamic Acid 2,4&Triiodophenyl Ester-This com- 
pound was prepared in a similar manner to its pentachlorophenyl 
analog; m/e 592; NMR (dimethyl sulfoxide): 7 7.9-8.1 (d, W ,  


1 Melting points were taken on a Kofler hot-stape microscope and are 
uncorrected. The IR spectra were determined with a Leitz model 111 
spectrograph. NMR spectra were obtained on a Varian A F A  instru- 
ment. Mass spectra were determined with a Varian Mat 11 1 instrument. 
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Nitroglycerin Sublingual Tablets I: 
Stability of Conventional Tablets 


SALVATORE A. FUSARI 


Abstract 0 Nitroglycerin in molded sublingual tablets volatilizes 
and undergoes intertablet migration. Consequently, tablets that 
are uniform when manufactured develop enough intertablet dose 
variation that they frequently fail the USP XVIII content uni- 
formity test. Factors influencing volatilization and migration are 
discussed. 


Keyphrases 0 Nitroglycerin tablets-stability, volatilization, and 
intertablet migration 0 Tablets, nitroglycerin-stability, volatiliza- 
tion, and intertablet migration 0 Content uniformity, nitroglycerin 
tablets-volatilization and intertablet migration 


In recent years, a growing body of evidence has 
accumulated which shows that conventional nitro- 
glycerin tablets lose potency if stored improperly (1-5). 
A little-known fact is that the stability of nitroglycerin 
tablets is complicated by the development of intertablet 
dose variation caused by the volatilization and sub- 
sequent intertablet migration of nitroglycerin'. Tablets 
that are uniform when manufactured develop increased 
individual tablet variation upon storage, even when 
little potency loss is observed and even if the tablets are 
refrigerated. This seeming anomaly was observed in 
this laboratory, and supporting data are given here. 


Banes (2) reported an almost total loss of nitroglycerin 
from tablets stored in blister packs; most of this nitro- 
glycerin was recovered from the adhesive used to  cement 
the blister pack laminate together. Earlier, a t  least one 
manufacturer2 found that nitroglycerin tablets, dried on 
brown Kraft paper, transferred substantial amounts of 
nitroglycerin to the paper. The present author found 
that stuffing materials in contact with nitroglycerin 
tablets readily absorb varying amounts of nitroglycerin 
from the tablets. 


Bell (6) examined 55 lots of nitroglycerin tablets 
from four different manufacturers. Ten individual 
tablets were assayed per lot. His results showed that 101 
of the 550  tablets assayed fell outside of the USP XVI 
limits of S@-l12%. Although Bell made no mention of 
instability, it is now clear that his data reinforce the 
finding in this article. 


The observation that nitroglycerin readily migrates 
through the bottle space into cotton stuffing offered a 
possible explanation for the instability of sublingual 
nitroglycerin tablets. Consequently, this study was 
undertaken to define the nature of the problems as- 
sociated with the instability of nitroglycerin tablets. 
This information would be fundamental to the develop- 
ment of methods for stabilizing the tablets through 
either modification of the immediatc container or 


Table I-Assay of Placebos and Tabletso in Contact with 
Each Other at 25" for 1 Month 


Average Assay in Percent 
--of Label Claim-- 
Placebos Tablets 


~ 


Placebos mixed wi;, nitro- 93.3 34.7 
glycerin tablets 


tablets 


tablets 


Placebos above nitroglycerin 12.4 91.1 


Placebos below nitroglycerin 29.1 90.1 


0 600 mcg. (1/100 gr.). 


EXPERIMENTAL 


Assay Procedure-The assay procedure was an automated 
adaptation of the method of Bell (6). Previous experience showed 
that this method is stability indicatinga. Tablets (0.3 mg.) were 
dissolved in 10 rnl. of water in a glass-stoppered 50-ml. centrifuge 
tube; 0.4- and 0.6-mg. tablets required 15 and 20 ml. of water, 
respectively. The tubes were shaken vigorously initially and after 
two 5-min. intervals to  ensure solution of the nitroglycerin. After 
solution was accomplished, the samples were placed in sample cups 
for thesampler I1 using an AutoAnalyzer' set at a rateof 30samples/ 
hr. At least 30 individual tablets were assayed per lot of product. 
Standards preceded and followed every 10 samples to allow close 
monitoring of the assay procedure. Calculations for each set of 
assays included the average, the range, and the standard deviation in 
order to facilitate comparisons among lots. The standard deviation 
was calculated, although normal distributions were probably not 
obtained due to  large, irregular losses of nitroglycerin from the 
tablets. However, it serves as a convenient method for comparison. 


Transfer of Nitroglycerin from Sublingual Tablets to Placebo 
Tablets-Placebo tablets were prepared using a rotary press6. 
The physical specifications for these tablets were as follows: 55-60- 
mg. weight, 0.48-cm. (0.19-in.) diameter, 0.29-cm. (0.1 15-in.) thick- 
ness, flat-faced, and beveled-edge punches. These tablets were 
purposely made larger than commercial nitroglycerin tablets to  
permit ease of sorting for assay purposes. 


Three separate experiments were performed to evaluate if drug 
migration would occur, and whether the position of the placebo 
relative to  the nitroglycerin tablets in the container had any effect. 
In each experiment, 25 placebo tablets and 50 6oOmcg. (l/lO@gr.) 


nitroglycerin tablets were placed in normal commercial bottles6 and 
allowed to stand at room temperature for 1 month. Four bottles 
were set up for each experiment. The results, which were obtained 
by one analyst and confirmed independently by another on a sepa- 
rate set of bottles, are shown in Table l. 


Comparison of Content Uniformity at Time of Release and after 
Aging-All samples checked were in commercial bottles containing 
100 tablets, and all had been stored at ambient room temperature. 
Sixty lots of tablets of various ages and dosage sizes were assayed. 
Fifty-six of these lots had already been marketed and four were 
new lots pending release. Comparisons of the "release" assays 
and aged assays are given in Tables 11-IV. 


Content Uniformity of Freshly Manufactured Lots-Four lots 
of newly manufactured 4oOmcg. (1/15&gr.) tablets were assayed to  


reformulation. 
3 To be submitted for publication. 
4 Technicon. 
6 Stokes B-2. 
6 Six-milliliter, round, amber bottle with screw cap containing a n  


Excelloseal liner. 


* During the remainder of this article, the term stability will encom- 
pass both potency loss and lack of content uniformity. 


Personal communication. Warner-Chilcott Laboratories, 
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Table II-Comparison of “Release” and “Aged“ Assays of Nitroglycerin Tablets [600 mcg. (1/100 gr.)] with Ambient 
Room Temperature Storage 


Elapsed Time 
for “Aged” 


Assay, 
Months 


Average Assay 
of 30 “Aged” 


Tablets 


Average Assay at  
Time of 


Manufacture Range of Assay U a  Range U 


PasseSb 
14 
14 
13 
12 
11 
R 


101.8 (10) 
101.1 (10) 
102.4 120) 


93.3-109.0 
96.6-109.2 
96.7-109.3 


4.5 
3.5 
3.8 


95.0 
100.3 
98.2 
97.9 
96.3 


75.5-122.1 
78.5-116.1 
77.0-121.1 


9.8 
11 .o 
13.4 


io3.i izoj 
111.4 (10) 
106.1 (10) 
103.6 (10) 


89.6115 .O 5.1 83.2-123.9 8.7 
84.1-114.9 6.7 
78.7-120.3 9.0 
81.1-116.6 8.4 
81.7-113.8 9.3 
77.7-117.5 11.3 


101.1-116.8 4.2 
98.3-1 11.9 3.9 
96.6-109.8 3.6 
98.9-112.7 4.9 


98.0 
95.0 
96.0 


8 
7 
6 


105.0 iioj 
98.0 (10) 90.2-111.0 5.9 98.0 


98.1 
94.2 
99.8 


104.1 iioj 
93.5 (10) 
96.2 (10) 


96.1-1 12.2 4.9 6 
5 
5 


78.9-121 .0 
~~ 


9.9 
8.3 
10.0 


90.i-101.2 
91.7-102.4 


... 


3.0 
3.5 


78. o-iio I5 
79.5-1 15.6 


Failsb 
100.6 (10) 92.2-106.3 3.6 10 87.3 66.6-106.7 8.9 
104.9 (10) 101.6-110.0 2.4 7 94.2 72.7-110.4 8.5 


= Standard deviation. b Refers to passing or failing the content uniformity test in USP XVIII prior to the allowance of one “flyer” in 30 tablets. 


Table III-Comparison of “Release” and “Aged” Assays of Nitroglycerin Tablets [400 mcg. (1/150 gr.)] with Ambient Room 
Temperature Storage 


Elapsed Time 
Average Assay for “Aged” Average Assay 


at Time of Assay, of 30 “Aged” 
Manufacture Range of Assay U Months Tablets Range U 


PaSSeS 
108.4 (40) 
106.8 (10) 


105.9 110) 
101.7 (10) 


95 4-126.5 
99.9-113.1 


6.3 
4.8 
5.5 
5.0 
3.9 


11 
10 


99.6 88.8-1 17.6 


87.0-111.7 
83.7-122.8 


81 .O-116.1 
7.4 
8.6 
6.0 
7.5 
10.5 
5.8 
9.3 
7.4 
5.6 
9.3 
8.5 
10.3 
15.6 
9.5 
10.7 
9.0 


_ _  . . 
96.1 
96.2 
103.9 


94.2-1 12.1 
100.2-114.0 
94.6-107.9 
95.7-106.5 
102.3-114.9 
83.8-104.6 
78.6-1 10.1 
90.9-108.0 
96.5-113.0 
99.3-109.4 
99.5-108.8 


95.5-131.2 
95.1-107.8 
87.2-109.8 
93.7-114.8 
95.5-1 11.1 
92.2-112.7 


97.41 10.5 


10 
8 
8 
8 
7 
7 
7 
5 
3 


100.1 (ioj 
101.9 (10) 
109.0 (10) 
93.8 (10) 
99.0 (10) 


101.2 
96.4 


75.6-130.0 
3.5 
4.3 
7.8 
8.5 
6.2 


86.5-107.1 
78.3-115.2 
84.9-115.6 
84.3-107.7 
82.8-115.5 


95.8 
99.5 
97.3 
99.1 
102.1 
103.9 
98.6 
102.0 
102.0 
98.2 


107.0 iioj 
102.3 
103.1 (10) 
104.4 (10) 
105.4 (10) 
103.9 (10) 
101.4 (10) 
98.9 (30) 
103.6 (30) 
102.8 (30) 
102.7 (30) 


4.7 
3.5 
3.6 
3.8 
5.2 


88.7-119.1 
83.7-135.2 2 


2 
1 
1 


_.. - 
75.9-131.7 
82.5-120.6 
76.2-129.2 


4.1 1 80.9-120.6 
5.3 
4.9 
4.0 
4.6 


Fails 
11 
8 
7 
7 


95.9 (10) 
105.3 (10) 
108.9 (40) 
104.7 (10) 
105.4 (10) 
105.4 (10) 
102.8 (10) 
102.9 (20) 
103.1 (10) 
103.8 (10) 
99.3 (10) 
101.7 (10) 


90.3-110.8 
99.3-109.6 
99.5-116.9 


6.6 
4.2 
4.5 


97.3 
101.1 
102.0 
100. 1 
95.0 
96.6 
91.6 
95.3 
99.5 


72.5-124.7 
74.3-120.4 


9.7 
10.7 


72.2-121.9 
69 .0-123.8 


13.5 
11.5 96.1-iO8.2 


98.6-1 11.9 
100.1-109.5 
97.9-1 12.8 


3.8 
3.6 
3.3 
4.4 
3.8 


5 
5 
5 


53.1-iZi .4 
71.4-119.3 
65.9-1 1 3 .9 
68.7-131.9 


i1.9 
13.5 
11.2 
16.6 96.5-113.0 


96.7-107.1 
103.7-109.8 
90.3-109.5 
98.2-104.8 


4 
3 3.4 62.5-131.0 15.0 .. . 


3.8 
4.9 
2.4 


3 
2 
1 


97.7 
92.1 
101.9 


59.4435.3 
66.3-1 15.2 
72.3-113.6 


15.8 
11.7 
11.2 


show the manufacturing process capability and to establish a baseline 
for additional experimental work. The results are shown in Table V. 


Effect of Room Temperature Stokage for 1 Month with and without 
Rayon Stuffing and Wax Seals-The four new lots of nitroglycerin 
tablets described above were placed in containers for this experiment 
while the assays described in Table V were being performed. Tablets 
were put into 120 commercial bottleso. Sixty of the bottles were 
“stuffed” with rayon and the other half were not. After storage for 
1 month at room temperature, 30 tablets from each set were re- 
assayed (Table VI). 


Effect of Stuffing and Cap Liners at 37 and 45” for 1 Month- 
Tablets from Lot 345906 (Table V) were placed in amber glass 
bottles with screw caps. Seven different cap liners were used, both 
with and without a wax seal and without stuffing. Rayon, tissue, 
or cotton stuffing was used with each of the different cap liners in 
bottles without wax seals. The 136 bottles were stored at 37 and 
45” for 1 month. At the end of this time, a bottle of each type 
was removed from storage and 30 tablets from each bottle were 
assayed individually (Table VII). 


Comparison of Storage at Room and Refrigerator Temperatures- 
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Table IV-Comparison of “Release” and “Aged” Assays of Nitroglycerin Tablets [300 mcg. (1/200 gr.)] with Ambient Room 
Temperature Storage 


Elapsed Time 
Average Assay at for “Aged” Average Assay 


Time of Assay, of 30 “Aged“ 
Manufacture Range of Assay U Months Tablets Range U 


Passes 
100.7 (10) 
105.9 (10) 
102.8 (10) 
103.1 (10) 
104.5 (10) 
106.3 (10) 
102.6 (10) 


100.9 (20) 
93.8 (20) 


101.9 (10) 
103.8 (10) 
104.8 (10) 
98.0 (10) 


103.6 (la) 


92.0-105.1 
98.5-1 1 3.8 
97.3-111.7 


5.0 
5.1 
5.0 


9 
8 
7 


98.5-108.8 4.1 7 
100.6-109.4 2.4 7 
i02.5-ii2. o 
96.4-107.7 


89.1-111.2 
83.3-102.5 
94.1-1 13 .O 


3.2 
3.8 


6.2 
3.6 
6.4 


Fails 


9 3 . 3  77.6-108.6 6.6 . - ._ . . - . . . . 
94.2 77.7-129.2 11.4 
95.6 76.9-112.2 8.3 
94.7 81.8-120.1 11.1 
99.4 79.9-128.4 12.5 


4 104.1 80.2-128.2 13.0 
3 95.3 84.9-104.9 6.3 


11 
10 
7 


75,. 2 
88.5 
102.1 


39.6-91.0 
71.3-105.3 
63.5-132.9 


11.8 
8.1 
13.6 


98.5-105.8 3.2 7 95.3 . 67.4-121.8 13.8 
100.8-108.4 2.3 4 88.3 69.2-1 25 .O 14.3 - . - - - . . 
97.7-110.8 
78.6-105.2 


_. 


4.1 
8.2 


4 
4 


95.5 
89.4 


63.3-i52. 6 
56.6-131.8 


17.0 
18.7 


Table V-Assay of Freshly Manufactured Nitroglycerin 
Tablets [400 mcg. (1/150 gr.)] 


Assay in Percent of Label Claim 
Average of Standard 


Lot Number 30 Tablets Range of Assays Deviation 


345903 98.9 87.2-109.8 5.3 
345904 103.6 93 I 7-114.8 4.9 
345905 102.8 95.5-111.1 4.0 
345906 102.7 92.2-1 12.7 4.6 


Tablets in commercial packages were stored at 4, 25, 37, and 45” 
and at 37” and 85 relative humidity. Data accumulated for 600-, 
400-, and 306mcg. (1/106, 1/150-, and 1/200-gr.) tablets at 4 and 
25” (room temperature) are given in Table VIII for comparison. 


Stability of Nitroglycerin Tablets [400 mcg. (1/150 gr.)] at 25, 37, 
and 45 a at Monthly Intervals-After preliminary experiments showed 
that polyethylene terephthalate’ wasabetter cap liner than Excelloseal 
for nitroglycerin tablets, two lots of tablets were placed in com- 
mercial bottles with screw caps containing polyethylene tereph- 
thalate7 liners. Initial assay values were obtained and the bottles 
were then stored at 25, 37, and 45”. At monthly intervals, one bottle 
of each lot stored under each of the three conditions was removed 
and 30 tablets were assayed (Table IX). 


RESULTS AND DISCUSSION 


Until recently, analytical techniques did not lend themselves to 
large numbers of individual tablet assays of low drug dosage forms. 
This situation improved dramatically with Bell’s (6) publication of 
an individual tablet assay and the advent of automated analytical 
methodology. A combination of these two techniques has enabled 
the present author to  assay many individual tablets, both rapidly 
and accurately, thus avoiding the ‘‘leveling’’ effect obtained from 
composite assays. As a result, greater insight wasgained concerning 
the causes of the instability of nitroglycerin tablets. The tremendous 
amount of work involved in both stability and formulation studies 
on nitroglycerin tablets would have been physically impossi ble 
without the use of an automated analytical system. 


The results shown in Table I clearly demonstrate that nitro- 
glycerin can and does migrate from tablet to tablet. The migration 
occurs because of the inherent volatility of nitroglycerine and must 
occur through the vapor phase. This migration is mediated by the 
stresses applied to the tablet by its immediate environment. Place- 
bos that were physically intermixed with the nitroglycerin tablets re- 


7 Mylar. 
OThe vapor pressure of nitroglycerin is 0.00026 mm. Hg at 20’ 


(Merck Index). 


ceived the most transfer of nitroglycerin, while those striated either 
above or below the nitroglycerin tablets received the least (Table I 
and Figs. 1 and 2). Many of the placebos that were intermixed with 
the nitroglycerin tablets contained more nitroglycerin than a tablet 
containing 100% of the label claim; this is explained on the basis that 
there were one-half as many placebos as nitroglycerin tablets and 
that the placebos were approximately twice the size of the nitro- 
glycerin tablets. 


The fact that the placebos intermixed with the nitroglycerin 
tablets received the most nitroglycerin by migration indicates that 
soon after volatilization the nitroglycerin must be absorbed by some 
nearby receptor surface. If this were not so, it would be expected 
that all of the placebo tablets, regardless of position in the bottle, 
would reach the same nitroglycerin content. The fact that the 
placebos both above and below the nitroglycerin tablets received 
less nitroglycerin than the placebos intermixed with the nitroglycerin 
tablets is indicative of the small amount of travel that occurs once 
the nitroglycerifi volatilizes. In some respects, this is analogous to  
the process of molecular distillation. 


0.8 


0.7 


W 
0 
Z 0.6 a m 
a 2 0.5 
m a 


0.4 


0.3 


0.2 


0.1 


~ 2 0 1 9 1 8 1 7 1 6 1 5 1 4 1 3 1 2 1 1 p 1 0 9  8 7 6 5 4 3 2 l p  
ffl ffl ffl 


SAMPLE NUMBERS 


Figure 1-Curves from automated analysis of placebo tablets inter- 
mixed with 600-mcg. (I/lOO-gr.) nitroglycerin tablets. 


124 Journal of Pharmaceutical Sciences 







Table VI-Nitroglycerin Tablets [400 mcg. (1/150 gr.)] with Room Temperature Storage for 1 Month in Commercial Bottles with 
Excelloseal Liner 


Average Assay of Standard Stuffing Tablet 
Lot Number Description 30 Tablets Range Deviation Equivalent 


345903 
345903 
345903 
345903 
345904 
345904 
345904 
345904 
345905 
345905 
345905 
345905 
345906 
345906 
345906 
345906 


No wax, no rayon 
No wax, with rayona 
With wax, no rayon 
With wax, with rayon 
No wax, no rayon 
No wax, with rayon 
With wax, no rayon 
With wax, with rayon 
No wax, no rayon 
No wax, with rayon 
With wax, no rayon 
With wax, with rayon 
No wax, no rayon 
No wax, with rayon 
With wax, no rayon 
With wax, with rayon 


91 .O 
100.6 
91.6 
96.3 
97.5 
94.9 
98.2 
99.2 
94.8 
96.9 
97.4 
96.3 
95.3 
99.7 
97.4 
97.5 


65.6-115.7 
75.2-126.5 
61.4-123.3 
76.9-111.3 
67.6-129.4 
69.5-i27.3 
85.6-118.1 
83.1-120.5 
52.5-133.1 
62.2-1 15.6 
64.3-123.2 
61.5-123.9 
61 .l-124.9 
65.8-138.1 
73.8-120.1 
75.8-118.9 


13.0 
12.2 
16.2 
9 . 5  


15.3 
12.8 
9 .3  


10.9 
19.9 
13.9 
14.5 
13.3 
16.4 
16.6 
11.4 
10.1 


- 
0.36 


0.22 


0.73 


0.70 


0.76 


0.95 


0.56 


0.55 


- 


- 
- 


- 
- 


- 
- 


0 This is the normal commercial package for the conventional tablets. 


It could appear that migration occurred only because of the high 
concentration gradient that existed between the nitroglycerin and 
placebo tablets, and that migration would not occur if all tablets 
in a bottle contained nitroglycerin. However, the evidence presented 
in Tables 11-IV on 60 lots of nitroglycerin tablets demon- 
strates that the latter premise is untenable. The data show that all 
lots passed the content uniformity test easily when they were first 
manufactured, but that the assay range spread considerably as 


these lots aged. It may be argued that when the lots were first 
assayed, only 10 tablets were assayed instead of 30, thus lessening 
the chances of noticing variability. However, since this occurred in 
about 60 lots, the chances of not seeing this variability should be 
slim indeed. It is to be noted that the trend is toward higher vari- 
ability in the reassayed tablets. In spite of a general net loss in 
potency, the high values are frequently considerably higher than the 
high values in the starting tablets; the frequency of this occurrence 


Table VTI-Effect of Stuffing and Cap Liners on Nitroglycerin Tablets [400 mcg. (1/150 gr.)]" with 1 Month of Storage at 37 and 45" 


37" ------45 - 
Stuffing Stuffing 


Average Tablet Average Tablet 
Assay of Standard Equiva- Assay of Standard Equiva- 


Description 30 Tablets Range Deviation lent 30 Tablets Range Deviation lent 


No wax, Esterfoil 
With wax, Esterfoil 
Rayon, Esterfoil 
Tissue, Esterfoil 
Cotton, Esterfoil 
No wax, Tinfoil 
With wax, Tinfoil 
Rayon, Tinfoil 
Tissue, Tinfoil 
Cotton, Tinfoil 
No wax, wax vinyl 
With wax, wax vinyl 
Rayon, wax vinyl 
Tissue, wax vinyl 
Cotton, wax vinyl 
No wax, with Mylarb 
With wax, Mylar 
Rayon, Mylar 
Tissue, Mylar 
Cotton, Mylar 
No wax, lubricated vinyl 
With wax, lubricated vinyl 
Rayon, lubricated vinyl 
Tissue, lubricated vinyl 
Cotton, lubricated vinyl 
No wax, Excelloseal 
With wax, Excelloseal 
Rayon, Excelloseal 
Tissue, Excelloseal 
Cotton, Excelloseal 
No wax, Aclarc 
With wax, Aclar 
Rayon, Aclar 
Tissue, Aclar 
Cotton, Aclar 


101.7 
101.5 
97.9 
99.6 
98.3 


101 .o 
102.3 
100.4 
103.6 
99.0 
81.6 


102.2 
93.6 
97.1 
94.4 


102.1 
99.9 
94.0 


101.6 


91.7 
90.1 
97.4 


100.6 
91.8 
90.0 
90.0 
93.9 


104.8 
96.4 


101 . 0  
103.2 
101.7 
101.8 
104.0 


- 


89.8-122.1 
89.4-119.6 
80.5-1 13.6 
80.3-1 16.2 
83.7-117.4 
92.0-1 14.1 
90.2-123.6 
64.4-138.4 
83.5-1 31 .9  
75.7-1 26.7 
28.8-104.1 
83.4-116.7 
54.6-128.4 
57.5-142.7 
65.6-1 14.7 
74.4-117.0 
84.6-1 15.7 
64.6-113.0 
53.8-146.4 


58.7-117.1 
46.5-114.8 
51.1-131.3 
48.5-147.4 
55.5-1 13 .O 
50.5-122.9 
52.6-129.8 
54.6-132.9 
74.9-144.1 
60.2-131.5 
80.3-1 16.5 
88.7-119.7 
68.7-149.3 
48.4-129.8 
74.3-132.2 


- 


7 4  - . .  . 
8 . 2  - 
8.5  2.3 
8.7 2.1 
8.8 6.8 
6.7 - 
8.5 - 


17.3 3.3 
10.6 2.8 
10.6 9 .4  
22.0 - 
7.9  - 


17.2 2.8 
18.9 1.9 
13.2 10.1 


- 
- 


10.5 
8.7 


14.9 2 . 5  
21.1 2.4 


13.8 - 
17.8 
21.1 1.7 
20.7 1 .4  
15.3 2.3 
18.0 
18 5 


- 


. -  


- 
18.0 1.8 
18.8 2.5 
15.6 5 .9  


- 7.9  
8 .2  - 


17.6 18.7 
19.4 7.5 
16.0 18.7 


93.4 
95.3 


101.5 
102.0 
97.9 


101 .o 
97.5 
94.4 
93.9 
90.4 
88.8 
87.7 
92.0 
94.6 
88.2 


102.3 
99.8 


102.0 
97.5 
96.0 
77.2 
72.0 
90.2 
91.6 
86.0 
91.6 
89.6 


104.1 
97.7 
96.7 
99.2 


100.9 
94.7 
97.2 
99.0 


77.9-109.7 
77.2-1 16.3 
79.5-129.9 
60.7-126.5 
59.6-124.8 
86.8-120.3 
82.6-123.5 
70.9-112.2 
39.2-128.7 
52.1-123.9 
68.6-107 .O 
39.6-114.8 
72.6-115.3 
31.5-136.7 
56.5-109.6 
92.0-123.4 
82.3-110.8 
63.1-134.6 
45.1-126.7 
50.0-1 18 .O 
29.6-108.7 
19.9-108.3 
55.2-1 32.9 
50.1-1 18.0 
40.4-134.0 
40.4-1 17.6 
57.4-116.5 
80.5-1 29.5 
45.3-140.1 
61.9-121.6 
87.7-115.0 
86.4-1 17.6 
64.3-1 26.6 
70.7-127.5 
68.4-127.0 


8.3 - . . ~  
- 9.8 


11.4 1.8 
13.9 5.3 
16.1 12.3 
7.0 - 
8 .o - 


11.4 4.9 
20.5 4.9 
15.2 7.6 
10.9 - 
19.2 - 
~~ 


11 .i 3.0 
24.2 2 .5  
16.1 28.9 


- 6 . 5  
6.9 - 


~ .~ 


17.2 2.6 
19.5 3.6 
14.1 10.5 


- 25.8 
25.5 - 
17.9 2.3 
17.9 2.5 
22.5 7.5 


- 16.4 
15.7 - 
14.6 2.8 
18.8 3 . 3  
14.8 11.1 


- 7.7 
7.7 - 


13.9 14.7 
15.0 14.1 
16.5 33.6 


a Lot 345906, initial assays: average, 102.7% label claim; range, 92.2-11,2.7% label claim; ai!d u, 4.6. * Polyethylene terephthalate. CAclar is a 
fluorohalocarbon. The results above may be weighted too heavily toward f a h r e  when stuffinp IS  Introduced. The Aclar seals were ava~lable only on 
bottles larger than the bottles used for the other studies so that more stumng was used in the Aclar sealed bottles. 
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Table VIII-Comparison at  Room Temperature and 4' of Conventional Nitroglycerin Tablets" 


, Initial Assay- --. -Room Temperature-- -F'- - 
Average Average Average 
Assay, Stand- Assay, Assay, Stand- 
Percent Range of ard Percent Range of Stand- Percent Range of ard 


Size of of Assay, Devia- of Assay, ard of Assay, Devia- 
Release Tablet, Labeled Percent of tion, Labeled Percent of Deviation, Labeled Percent of tion, 


Date mcg. (gr.) Claim Labeled Claim u Claim Labeled Claim u Claim Labeled Claim u 


-b .-b 100.5 79.0-122.9 11.7 100.9 81.4-125.7 11.4 
9-68 600 (1/100) 102.0 - - 111.5 90.2-145.0 11.5 108.9 90.3-128.3 10.0 
5-67 600(1/100) 103.2 


1-70 600(1/100) 99.3 86.1-109.0 6.9 98.3 80.4-118.9 9 .2  95.3 65.5-123.7 16.8 
2-70 600~1jiOOj 101.9 96.9-io6.6 3.2 95.6 64.Ck118.5 12.5 97.3 74.4-114.5 1o. i  


- - 98.5 76.4-116.5 9 .8  106.9 91.5-125.8 8.9 
- - 99.9 76.7-121.0 10.1 109.1 94.9-143.0 11.0 


6-67 400 (ljl.50) 103.9 
9-68 400(1/150) 99.7 
5-69 400(ijisoj 103.5 - - 101 . I  90.0-123.7 7.7 100.6 84.9-133.7 8 .5  


8.2 
12-69 400(1/150) 97.5 93.0-106.0 4.0 92.6 56.8-130.5 15.2 99.8 64.8-135.0 18.0 
1-70 400(1/150) 100.1 96.0-104.0 2.1 
9-68 300(1/200) 101.0 - - 95.1 72.2-137.1 12.7 104.0 67.7-164.3 19.8 


12-69 300(1/200) 100.0 94.6-104.1 3.0 96.0 66.9-138.1 14.9 97.0 63.2-120.5 13.4 
1-70 300(1/200) 98.1 94.1-102.9 2.8 95.0 63.8-140.3 14.5 100.9 80.3-129.3 12.3 


94.6 74.3-120.0 10.3 95.9 77.2-116.7 


(1 Assays performed 2/17-2/18, 1972. b Only average assay is given; individual tablet assays were not being performed until 8-69. However, the ranges 
shown are typical of our manufacturing capability so that they,may be assumed for those lots where ranges are not  given. All assays shown that do 
not indicate assay ranges for individual tablets were done by either the IR or phenoldisulfonic acid procedures of USP XVII and USP XVIII. The 
automated version of Bell's (6) assay was used for all other samples. 


Table IX-Stability of Nitroglycerin Tablets [400 mcg. (1/150 gr.)] in Glass Bottles with Screw Cap and Polyethylene Terephthalate 
Liner at  25, 37, and 45" 


- -___ - Lot I -7 -- --Lot 2 


Temperature Months Labeled Claim Labeled Claim Deviation, Labeled Claim Labeled Claim Deviation, % 
Elapsed Average Assay, Range of Assays, Relative Average Assay, Range of Assays, Relative 
Time, Percent of Percent of Standard Percent of Percent of Standard 


25" 0 


6 
37 


45 a 


0 
1 
2 
3 
4 
5 
0 
1 
2 
3 
4 
5 


103.8 
102.0 
102.1 
100.3 
101.2 
101.4 
101.1 
103.8 
107.6 
100.0 
99.8 
96.4 


100. 1 
103.8 
102.3 
97.2 


100.4 
97.3 
98.2 


94.9-1 13.5 
76.6-122.1 
84.9-131.2 
74.5 -120.7 
79.5-128.6 
85.9-123.2 
81 .6-127.0 
94.9-1 13.5 
72.0 -147.2 
73.1-130.7 
76.7-1 37.6 
76.2-127.6 
76.5-142.4 
74.9-113.5 
71 .8-142.9 
77.5-1 16.1 
76.5-1 19.4 
69.1-120.4 
79.0-1 33.1 


3.9 
12.7 
10.6 
12.4 
12.6 
10.7 
12.5 
3.9 


15.6 
12.9 
13.9 
10.0 
16.7 
3.9 


13.9 
10.7 
11.7 
10.4 
10.9 


104.7 
103.3 
102.2 
102.9 
99.9 


103.1 
104.9 
104.7 
101.8 
101.8 
103.7 
99.9 


104.6 
104.7 
101.6 
101.8 
97.7 
96.1 
99.7 


98.5-111.2 3.1 
64.7-129.8 14.1 
83.7-1 19.6 7.9 
84.9--121 .O 9 .4  
80.5-1 31 .O 11.7 
79.2-127.9 10.7 
79.7-1 32.7 14.3 
98.5-111.2 3.1 
69.5-143.3 17.4 
86.1-117.0 8.3 
86.7-1 13.5 7.2 
73.5-124.7 12.9 
73.8-137.1 16.4 
98.5-111.2 3.1 
74.6-124.3 12.7 
86.1-117.0 8.3 
73.7-140.9 12.4 
62.7-113.9 13.7 
78.7-119.6 10.0 


does not appear to be based on chance. The assays performed on 
the freshly manufactured lots show one value at 126.5 and all other 
values (about 800) are below 116.9 (one at  116.9, another at  116.8, 
and the next high a t  115). This finding is in solid contrast with the 
values obtained after the tablets were manufactured, packaged, and 
on the market; the high value is 152.6 and there are many tablets 
assaying greater than 130. Thus, it appears that these higher tablets 
are picking up nitroglycerin from other tablets. 


The absolute age of these tablets is not the sole factor involved in 
determining whether a product passes or fails content uniformity. 
The passing tablets ranged in age from 1 to 14 months, whereas 
some of the tablets that failed were I--2 months old. 


The behavior of the tablets on reassay led to the belief that the 
problem in this laboratory with nitroglycerin tablets was probably 
industry wide. Assay of other commercial nitroglycerin tablets 
revealed that this was indeed true. Analysis of Bell's data (6) on 55 
lots of tablets reinforces these observations. These lots encompassed 
tablets of 600, 400. 300, 250. and 150 mcg. (1/100, 1/150, 1/200, 
1/250, and 1/400 gr.) made by four different manufacturers. 
Bell performco 10 individual tablet assays per lot. Calcula- 
tion of the percent relative standard deviation for each 
lot8 (Table X) gave values that were certainly much higher than the 


manufacturing process capability. Our manufacturing process 
usually gives a percent relative standard deviation below 4.5; the 
values on Bell's samples ranged from 5.4 to 21.8. Forty-one of the 
55 values are greater than 7 and 29 are greater than 10. Of the 550 
tablets assayed by Bell, 101 fell outside of the USP XVI limits of an  
average value of 80-112z; 78 of these showed excessive dosage 
and 23 insufficient nitroglycerin. The high percent relative standard 
deviations, coupled with the large number of tablets showing excess 
dosage, give presumptive evidence10 that migration of nitroglycerin 
has occurred. 


Table V shows the assay results obtained on four newly manu- 
factured lots of nitroglycerin tablets. The close similarity of these 
lots indicates a pretty uniform manufacturing procedure. Of the 


~~~ 


*Ten tablets (a small number of tablets for this calculation, but it 
does give a basis for comparison). 


10 Presumptivc only because the range and relative standard devia- 
tions of these lots when manufactured,wq.re not known. However, since 
these tablets had to meet weight variation and average potency re- 
quirements, it would be unlikely that 78 of 550 tablets would be out of 
range on the high side. 
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Table X-Range and Relative Standard Deviation Calculated from Bell's (6) Data 


Average Average 
Assay, Relative Assay, Relative 


Range of Range of Lot, Percent of Standard Range of Range of Lot, Percent of Standard 
Lot, mg. Average Percent of Labeled Deviation, Lot, mg. Average Percent of Labeled Deviation, 
X 100 Assay, mg. Labeled Claim Claim Percent X 100 Assay, mg. Labeled Claim Claim Percent 


55-80 
51-75 
50-70 
54-76 
50-69 
50-75 
58-86 
50-87 
57-78 
48-73 
52-74 
63-78 
58-71 
59-71' 
66-75 


34-45 
38-46 
31-45 
35-49 
32-49 
38-50 
35-50 
37-47 
42-50 
39-47 
36-51 
39-49 
42-50 
33-49 
40-49 


600-mcg. (l/lOO-gr.) Tablets 
0.64 85-123 98 
0.62 78-1 15 95 . _ _  .. 


0.62 77-108 95 
0.62 83-1 17 95 
0.61 77-106 94 
0.65 77-1 15 100 
0.69 89-132 106 
0.69 77-134 106 
0.65 88-120 100 
0.66 74-112 102 
0.66 80-1 14 102 
0.68 97-1 20 105 _.. 


0.66 S9-io9 102 
0.66 91-109 102 
0.70 102-1 1 5 108 
400-mcg. 
0.38 
0.41 
0.39 
0.42 
0.39 
0.45 
0.43 
0.43 
0.46 
0.43 
0.44 
0.46 
0.46 
0.43 
0.46 


(l/lSO-gr.) Tablets 
79-105 88 
88-107 95 
72-105 91 
81-1 14 98 
74-114 91 
88-116 105 
81-116 100 
86-109 100 
98-1 16 107 
91-109 100 
84-1 19 102 
91-114 107 
98-117 107 
77-1 14 100 
93-1 14 107 


11.7 
12.1 
11.3 
11.3 
12.7 
11.1 
12.2 
14.7 
10.4 
1 1  .o 
9.4 
7.4 
6.0 
5.7 
5.4 


8.5 
6.9 
10.9 
10.0 
12.0 
7.9 
11.8 
8.0 
7.4 
7.4 
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300-mcg. (l/ZOO-gr.) Tablets 


0.32 78-125 100 
0.29 72-113 91 
0.30 69-1 22 94 
0.30 66-1 28 94 
0.33 75-1 50 103 
0.27 78-91 84 
0.27 78-91 84 
0.27 78-94 84 
0.28 78-97 88 
0.28 78-94 88 _ _  
0.33 8I-122 103 
0.37 81-128 116 
0.34 81-128 106 
0.34 81-122 106 
0.35 91-128 109 


250-mcg. (1/25O-gr.) Tablets 


0.24 81-104 92 
0.24 81-100 92 
0.24 81-96 92 
0.24 85-104 92 
0.24 81-108 92 


150-mcg. (1/4OO-gr.) Tablets 


0.18 75-131 113 
0.18 100-1 31 113 
0.17 88-119 106 
0.18 88-131 113 
0.18 81-131 113 
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Figure 2-Curves from automated analysis of placebo tablets. Key: left, placebos on bottom of nitroglycerin tablets; and right, placebos on top 
of nitroglycerin tablets. 
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CONVENTIONAL TABLET- 1/150gr. (1 l o t )  
Init ial  Assay Var ia t i on  (Estimated) 


Temp. 25OC. 


20 
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v) c 
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CONVENTIONAL TABLET - 1/150gr. (1 lot)  


Approx. Mfg. Poriod May 1971 
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Figure 4-Distribution curces for conventional sublingual tablets at the time of manu facture cind afrer being packagedfor 5-7 months. 
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120 tablets tested, no tablet assayed lower than 87.2 nor greater than 
114.8% of labeled claim. Since the lots had just been manufactured 
at the time the tablets (Tables 11-IV) were assayed, it was decided 
t o  test the effects of certain variables (e.g., time, temperature, 
stuffing materials, and cap liners) on the stability of nitroglycerin 
tablets. 


Table VI shows the effect of storing these tablets at room tem- 
perature for 1 month in commercial bottles4 using the modifications 
shown in the table. In all cases, the range of assays for the tablets 
widened considerably, the lows being lower and the highs being 
considerably higher in spite of a general net loss in potency. This 
result can only be explained on the basis that nitroglycerin 
volatilized and migrated from tablet to tablet. No other explanation 
is possible based on the average assay, range, and standard deviation 
of the original tablets. 


The effects of using different cap liners and stuffing materials at 
37 and 45" for 1 month are shown in Table VII. These accelerated 
temperature conditions were chosen to screen quickly the effective- 
ness of cap liners and stuffing materials. Once again, the range of 
assays widened considerably in spite of a general net loss in potency. 
The high values are frequently considerably higher than the high 
value obtained on the initial assay of Lot 345906 or, for that matter, 
on any of the three other lots made at the same time (Table V). In 
fact, many of the samples fail content uniformity requirements. 


A large amount of nitroglycerin was absorbed by the cotton 
stuffing. Cotton is still used by pharmacists in repackaging opera- 
tions; this practice must be discouraged for nitroglycerin tablets. 
Additionally, it should be noted that of the seven liners evaluated, 
only four(Esterfoi1, tinfoil, polyethylene terephthalate', and a fluoro- 
halo-carbon filmil). offered any protection .to the nitroglycerin 
tablets for even short periods of time. Although these liners are 
imperfect, they certainly are superior to the wax vinyl, lubricated 
vinyl, and Excelloseal liners. The latter cap liners seemed to ac- 
celerate the instability; it should be emphasized that the stability 
of no other known drug dosage form seems to be so susceptible to 
the proper choice of cap liner and stuffing material. 


With most unstable drugs, the stability of refrigerated samples is 
usually better than for samples stored at room or higher tempera- 
tures. This is not true with nitroglycerin tablets (Table VIII). The 
data show that refrigeration does not prevent the development of 
intertablet variation in conventional sublingual nitroglycerin 
tablets. This is additional evidence for the complex nature of the 
instability of sublingual nitroglycerin tablets. 


Table IX shows the stability of two additional newly manu- 
factured lots of nitroglycerin tablets at 25, 37, and 45" assayed at 
monthly intervals. Marked intertablet variability devloped within 
1 month after the samples were stored. The loss of content uni- 
formity in these tablets is important, because it means a patient 
cannot be assured a uniform, predictable dose with this type of 
tablet unless something can be done to stabilize the nitroglycerin 
content. Figures 3 and 4 show distribution curves for conventional 
sublingual tablets at the time of manufacture and after being pack- 
aged for 5-7 months. The spread in range of assay results is dra- 
matic when one considers the close range of assay values in the 
freshly manufactured lots. 


The foregoing data and discussion demonstrate that sublingual 
nitroglycerin tablets are unstable due to volatilization and inter- 
tablet migration of nitroglycerin. The inherent low volatility of 
nitroglycerin and the manufacturing process for making molded 


11 Aclar, Allied Chemical Corp. 


sublingual tablets are the predisposing factors leading to  instability. 
During the manufacture of molded sublingual tablets, a 10% 
nitroglycerin 0-lactose adsorbate** is blended with a lactose- 
sucrose mixture. This mixture is then moistened and blended with a 
mixture of alcohol and water. The resultant tablet mixture is then 
molded and the tablets so prepared are air dried. While the tablets 
are air drying, the nitroglycerin is brought t o  the surface of the 
tablet by the evaporation of the alcohol and water. This situation 
is analogous to  the development and elution of a solute zone during 
chromatographic development. Since the tablets are air dried in 
batches and in contact with each other, it is quite conceivable that 
the surface concentrations of nitroglycerin are erratic, creating 
concentration gradients among the tablets. These gradients are in 
addition to  all other stresses inherent in the immediate tablet en- 
vironment including the stuffing, cap liner, imperfect vapor seal, 
and temperature. 


When the nitroglycerin is brought close to, or at the surface of, 
the tablet, the stage is set for loss and/or migration, depending on 
the character of the immediate tablet environment. Once a driving 
force is present which causes nitroglycerin to volatilize and leave 
the tablet, the process leading to the development of intertablet dose 
variation is set in motion. In an attempt to establish an equilibrium 
condition not only among the tablets but with the stuffing, the cap 
liner, and an imperfect vapor seal as well, the small amount of 
volatilized nitroglycerin encounters other tablets. The latter, due to 
differences in surface concentration of nitroglycerin, porosity, 
hardness, and proximity to  the tablets losing the nitroglycerin, 
may very well act as partial condensers in the same manner as the 
packing in a distillation column. Thus, one sees the development of 
high and low content tablets. Many lots that are uniform when 
manufactured develop enough intertablet variation within a few 
months to fail the USP XVIII content uniformity test. This tendency 
toward failure seems to be an intrinsic property of molded tablets 
using present manufacturing methods. Our experience with this 
tablet indicates that stabilizatio.1 can best be achieved by reformula- 
tion. 
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RESEARCH ARTICLES 


pH-Partition Behavior of 
Amino Acid-Like &Lactam Antibiotics 


EDWARD D. PURICH*, JOHN L. COLAIZZI', and ROLLAND I. POUST 


Abstract 0 The pH-partition behavior of the ampholyte antibiotics 
ampicillin, cephalexin, and cephaloglycin, using n-butanol or n- 
octanol as the lipid phase and aqueous phosphate buffers, was 
determined at 37" over a pH range of 4.e7.9. By comparing the 
pH-partition behavior of these drugs with computer-generated 
plots of the concentration of their various ionic species as a funo 
tion of pH, the anion was found to be the major partitioning species. 
Minimum partitioning occurred in the isoelectric region, suggesting 
that the zwitterion did not partition to a significant extent. The 
pH-partition behavior of L-phenylalanine, as a model ampholyte, 
was studied over a pH range of 2.0-8.9; although the L-phenyl- 
alanine cation partitioned into the lipid phase, the anion partitioned 
to a significantly greater extent, while the minimum partitioning in 
the isoelectric region indicated that the zwitterion was a poor parti- 
tioning species. Studies of surface activity as a function of antibiotic 
concentration in phosphate buffers showed that there is a relation- 
ship between the partitioning behavior of these antibiotics and either 
the reduction in surface tension or the resulting surface excess at the 
lipid-water interface. To account for the difference in the pH- 
partition behavior of the compounds employed in this study and 
the previously reported data for the tetracyclines, two general types 
of ampholytes capable of forming zwitterions should be considered, 
depending on whether or not significant amounts of uncharged 
species are present in the isoelectric region. Maximum partitioning 
into the lipid phase should occur if uncharged species is present in 
significant concentrations (e.g., tetracycline); the compounds in 
this study were of the other type and thus showed reduced partition- 
ing in the isoelectric pH region. 


Keyphrases 0 pH-partition behavior-amino acid-like 8-lactam 
antibiotics (ampicillin, cephalexin, cephaloglycin), relationships 
among surface tension, drug concentration, and pH 0 Antibiotics, 
amino acid-like 8-lactarn-pH-partition behavior, relationships 
among surface tension, drug concentration, and pH 0 Ampholyte 
antibiotics (ampicilhn, cephalexin, cephalog1Jicin)-pH-partition 
behavior 


The drug absorption mechanism by which organic 
ions are absorbed from the GI tract is difficult to ex- 
plain solely on the basis of the pH-partition hypothesis 
(1, 2), which states that a drug is absorkd in its union- 
ized form. However, drugs like tetracycline (3), am- 
picillin (4), cephaloglycin (3, and cephalexin (6) are al- 
ways ionized and yet are sufficiently absorbed from the 
GI tract to produce therapeutic effects. Fiese and Perrin 
(7), noting that dextromethorphan is absorbed from the 
stomach even though it is completely ionized, found 
that absorption of this drug was related to its surface 
activity. Higuchi suggested the formation of lipophilic 
ion-pairs as one possible mechanism for the absorption 
of organic ions (8). 


Colaizzi and Klink (9) studied the pH-partition be- 
havior of tetracyclines in n-octanol-aqueous buffer 
systems and found that there was maximum partitioning 


into the lipid phase at the pH corresponding to maxi- 
mum zwitterion concentration. To account for these 
results, they suggested that a relatively more lipophilic 
intramolecular ion-pair was formed, resulting from 
partial charge cancellation which produced more parti- 
tioning into the lipid phase. The tetracyclines, as noted 
in their paper (9), have a relatively complex dissociation 
pattern. A simpler model such as ampicillin, cephalexin, 
or cephaloglycin, each of which exhibits a diprotic dis- 
sociation pattern with the single amino and carboxylic 
acid group, might better illustrate the pH-partition be- 
havior of ampholyte drugs. 


Thus, the purpose of this study was to investigate the 
pH-partitioning behavior of several amino acid-like 
/3-lactam antibiotics. Due to the potential relationship 
between surface activity of these drugs and their pH- 
partition behavior, the relationships between surface 
tension and drug concentration and pH were also 
studied. 


EXPERIMENTAL 


Materials-L-Phenylalaninel and samples of ampicillin, cepha- 
loglycin, and cephalexin were used as supplied from their manufac- 
turers*. Phosphate buffers of pH 4.9, 5.7, 6.4 ,7.2, and 7.9, which 
were employed in the partition studies with the antibiotics, had a 
total molar buffer concentration of 0.035 and an ionic strength of 
0.10; phosphate buffers of pH 2.0,4.7, 5.2,6.6,and 8.9, with a total 
molar buffer concentration of 0.030 and an ionic strength of 0.14, 
were utilized for similar studies with L-phenylalanine. Sodium chlo- 
ride3 was added to the buffers whenever necessary to adjust the ionic 
strength. The buffer of pH 2.0 was prepared with phosphoric acid3 
and sodium phosphate monobasica. The buffers for pH 4.7, 4.9, 
5.2, 5.7, 6.4, 6.6,7.2, and 7.9 were prepared with anhydrous dibasic 
sodium phosphate' and sodium phosphate monobasic, while the 
pH 8.9 buffer was prepared with anhydrous dibasic sodium phos- 
phate and tribasic sodium phosphate'. All buffer pH's were meas- 
ured at 25' using a suitably standardized pH meter'. 


The water for these experiments was prepared by passing dis- 
tilled water through two glass percolator columns containing a 
mixture of anionic and cationic resins6. The conductivity, as deter- 
mined with a conductivity meter', was maintained below 0.1 p.p.m. 
(as sodium chloride). 


Procedure for Determination of Apparent Partition Coefficients 
of L-Phenylalanine and of Penicillin and Cephalosprin Antibiotics- 
Exactly 8.84 X mole of L-phenylalanine, 5.72 X 10-4 mole of 


1 Eastman Kodak Co., Rochester N. Y. 
1 T h e  authors are grateful to El: Lilly and Co. for supplying the 


cephalexin monohydrate and cephaloglycin dihydrate. They are also 
grateful to Wyeth Laboratories for supplyin the anhydrous ampicillin. 


8 Analytical reagent grade, Mallinckrodt ehernical Works, St. Lours, 
Mo. 


4 Model DR, E. H. Sargent and Co., Chicago, Ill. 
6 Rexyn AG 501. Fisher Scientific Co., Pittsburgh, Pa, 
6 Barnstead Still and Sterilizer Co.. Boston. Mass. 
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Table I-Apparent Partition Coefficients (Organic Phase-Aqueous 
Buffer) for Ampicillin, Cephalexin, and Cephaloglycin at 37" 


0 :  
Y .  
Y .  


g -  o 
Organic -Partition Coefficient a t  pH- 


Compound Phase 4.9 5.7 6.4 7.2 7 .9  
z 0.2 
2 :  
k :  
I - .  
P -  


2 :  I- 0.1 
z :  
a .  w .  


d E  


Ampicillin Butanol 0.14 0.16 0.19 0.38 0.48 
Ampicillin Octanol 0.18 0.20 0.21 0.23 0.31 
Cephalexjn Butanol 0.08 0.12 0.13 0.30 0.87 
Cephalexln Octanol 0.04 0.13 0.11 0.14 0.26 
Cephaloglycin Butanol 0.06 0.11 0.24 0.41 0.93 
Cephaloglycin Octanol 0.04 0.08 0.13 0.26 0.24 


. 


Table II-Apparent Partition Coefficients (Organic 
Phase-Aqueous Buffer) for L-Phenylalanine at 37 O 


Organic -Partition Coefficient at pH- 
Compound Phase 2.0 4 .7  5 .2  6 .6  8.9 


L-Phenylalanine Butanol 0.18 0.16 0.14 0.14 0.26 


ampicillin, or 3.82 X 10-6 mole7 of the particular cephalosporin was 
dissolved in sufficient buffer solution to give a total volume of 100 
ml. Exactly I 5  ml. of ti-octanole or n-butanole was then placed into 
each of three 50-ml. glass-stoppered conical flasks, and exactly 15 
ml. of the previously prepared drug-buffer solution was added to 
each of the three flasks; I 5  ml. of the drugbuffer solution was 
placed into a fourth flask as a control. The flasks were stoppered 
and placed into a metabolic shaking incubator0, regulated at 37 * 0.1". and set to maximum shaking speed. Every I5 min. each 
flask was individually handshaken to ensure rapid distribution be- 
tween the two solvent phases and then immediately returned to the 
metabolic shaker. 


When equilibrium was achieved'o, a 10-ml. sample of the aqueous 
phase was withdrawn from each flask. Its absorbance was deter- 
mined spectrophotometricallyl' at 260 nm. (257 nm. for L-phenyl- 
alanine) using a water blank, and its concentration was determined 
from the appropriate Beer's law plot. By using the concentration of 
the drug in the fourth flask and the concentration of drug in the 


; 0.3 1 


a u F . ' . . . . . , . l . . . , . . . 1 . . . . . . . . . 1 . . . . . . . . . 1 . . . . . . . . . 1  
4.0 5.0 6.0 7.0 8.0 


PH 


Figure 2-Effect oJ pH on the n-octanol-aqueous buffer apparent 
partition coeficients for penicillin and cephalosporin analogs at 37 '. 
Key: 0, cephaloglycin; 0, cephalexin; andA, ampicillin. 


aqueous buffer phase, the concentration of drug in the lipid phase 
was calculated. The concentration of drug in the lipid phase and 
that remaining in the aqueous phase were utilized to calculate the 
rr-octanol-aqueous buffer apparent partition coefficients (or the 
n-butanol-aqueous buffer apparent partition coefficients). The re- 
sults of the partitioning studies are summarized in Tables 1 and 11. 
UV spectral measurements revealed no evidence of degradation of 
the compounds studied during the partitioning experiments. 


Procedure for Determination of Reduction of Surface Tension of 
Buffered Solutions of Ampicillin, Cephalexin, and Cephaloglycin- 
Buffered solutions of the drugs were prepared using the phosphate 
buffers previously prepared for the partition studies in concentra- 
tions ranging from 0.25 to 7 mg./ml., depending on the drug1*. 
The surface tension of the resulting solutions was determined at 
25" using a previously calibrated tensiometer" equipped with a 
platinum-iridium ring with a mean circumference of 5.985 cm. 


RESULTS AND DISCUSSION 


The apparent partition coefficients for ampicillin, cephalo- 
glycin, cephalexin, and L-phenylalanine as a function of pH can be 
found in Figs. 1-3. To determine the influence of the different 
ionic species (cation, zwitterion, and anion) on the apparent parti- 
tion coefficient, the percent of total concentration of each ionic 
species was calculated as a function of pH. These calculations were 
performed bya  computer program utilizing Eqs. 1-3 for a diprotic 
acid, where K1 and KZ are the acidity constants (10): 


% cation = (H,O+)' 100/(HaO+)z + Ki(HaO+) 
+ KiKz (Es. 1) 


zwitterion = K1(HaO+)lOO/(HaO+)l + K1(HaO+) 
+ KiKz (Es. 2) 


4.0 5.0 6.0 7.0 8.0 
PH 


Figure 1-Effect 01 pH on the n-biiratiol-uqueoiits buffer uppurent 
partition coefficients lor periicilliii and cepliulosporiri urialogs ut 
37". Key: 0, cepliuloglycin; 0, ceplialexin; ariJA, umpicillin. 


7 The ainount of drug was chosen to be the minimum amount that 
* Certified reagent grade, Fisher Scien!ific Co.. Pittsburgh, Pa. 
9 Dubiioff Precision Scientific Co., Chicago, Ill. 


10 To achieve equiljbr!urn between the phases, the flasks were shaken 


' 1  Model DB-G. Beckman Instruments, Inc., Fullerton, Calif. 


could be accurately assayed. 


for 1 hr. for the antibiotics and for 3 hr. for L-phenylalanine. 


The calculated concentrations were then used to prepare C a l ~ m p ~ ~  
plots for each compound (Figs. 4-7). 


The apparent partition coefficients for ampicillin, cephalexin, 
and cephaloglycin with n-butanol as the lipid phase, plotted as a 
function of the pH of the aqueous phase, are found in Fig. 1. When 
the percent of total concentration of each of the drug's ionic species 
is compared with Fig. 1 from pH 4.9 to 8.0, the apparent partition 
coefficients are found to increase as the concentration of anion 
increases. 


For ampicillin the percent of total concentration as zwitterion 
decreases from 99% at pH 4.9 to 12 at pH 7.9, while the percent of 
total concentration as anion increases from 0 to about 90% over the 
same pH range. After noting the variation in the apparent partition 


I *  Four different concentrations of drug were used. none of which 
exceeded 50% of the solubility. 


- 
1 s  Fisher Surface Tensioma!, Fisher Scientific Co., Pittsburgh, Pa. 
1' 1BM 360/50 interfaced digital plotter. 
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Figure 3-Effect of pH on the n-butanol-aqueous apparent partition 
coeficients for L-phenylalanine (0) at 37". 


coefficients over the same pH range, the anion appears to be the 
partitioning species. Similar results occurred for cephaloglycin and 
cephalexin, but, in addition, the cation species (not present in sig- 
nificant concentration over the pH range employed in the partition- 
ing studies for ampicillin) appears to be inhibiting the partition- 
ing into the lipid phase for these drugs. 


For cephalexin the percent of total concentration as cation is a p  
proximately 60% at pH 4.9 and 0% at around pH 7.5. If it is as- 
sumed that the cephalexin anion should partition better than am- 
picillin anionls, then the smaller apparent partition coefficients for 
cephalexin in the pH range from 4.9 to 7.2 may be attributed to the 
cation forming an ion-pair with the anion and thus reducing the ef- 
fective concentration of anion that may partition. At pH 4.9 and 
5.7, the apparent partition coefficients for cephaloglycin are smaller 
than for ampicillin; at all other higher pH values, the apparent 
partition coefficients of cephaloglycin are greater than for ampicil- 
lin. The smaller apparent partition coeficienis may also be due to 
the significant concentration of cation reducing the amount of 
anion available for partitioning. 


The apparent partition Coefficients for the antibiotics as a func- 
tion of pH, using n-octanol as the lipid phase, are shown in Fig. 2. 


/ b 


4.0 5.0 6.0 7.0 8.0 
PH 


Figure &Percent of total concentration as a particular ionic species 
of ampicillin in aqueous solution as a function of pH at 25". Key: 
0, ompicillin cation; 0, ampicillin zwitterion; and A, ampicillin 
anion. 


"This would be a reasonable assumption since at pH 7.9, where 
essentially only anion in present for both drugs, the apparent partition 
coefficient for cephalexin is almost double that of ampicillin. 


I - .  
2 :  w .  
0 .  
W n 
a 20 : 


4.0 5.0 6.0 7.0 8.0 
PH 


Figure 5-Percent of total Concentration as a particular ionic species 
of cephalexin in aqueous solution as a function of pH at 25". Key: 0, 
ceplialexin cation; 0, cephalexin zwitterion; and A, cephalexin anion. 


In this system, which is more lipophilic than the n-butanol-aqueous 
buffer system, ampicillin partitions best but the apparent partition 
coefficients are substantially less than when n-butanol is used as the 
lipid phase. However, the anion appears to be the partitioning 
species since the apparent partition coefficients appear to be related 
to the anion concentration. In this system the effect of cation on the 
partitioning of anion for cephalexin and cephaloglycin is not clear, 
but it may account for the larger apparent partition coefficients with 
cephaloglycin than with cephalexin at pH 6.4 and 7.2, since ceph- 
alexin has a larger apparent partition coefficient at pH 7.9. 


The differences between the apparent partition coefficients in the 
n-butanol-buffer system as compared with those in the n-octanol- 
buffer system are probably due to the large amount of water present 
in the buffer-saturated n-butanol phase, which would tend to in- 
crease the amount of ions in the n-butanol phase by increasing the 
dielectric constant of the n-butanol phase. 


Since the acid instability of the 8-lactam antibiotics would cast 
doubt on the determination of the apparent partition coefficients at 
a pH where only cation was in high concentration, a model com- 


c 


4.0 5.0 6.0 7.0 8.0 
PH 


Figure &Percent of total concentration ns a particulnr ionic species 
of cephaloglycin in aqueous solution as a function of pH at 25". Key: 
0, cephaloglycin cation; 0, cephaloglycin zwitteriorr, and A, cephalo- 
glycin anion. 
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Figure 1-Percent of total concentration as a particular ionic species 
of L-plienylalanine in aqueous solution as a function of p H  at 25". 
Key: A, phenylalanine cation; 0, phenylalanine zwitterion; and 0,  
phenylalanine anion. 


pound without such a limitation was desired. Through the use of L- 
phenylalanine, a relative comparison of the effects of cation, zwitter- 
ion, and anion on the apparent partition coefficients in Fig. 3 with 
the concentration of the ionic species in Fig. 7 shows that the mini- 
mum values for the apparent partition coefficients occurred at the 
maximum zwitterion concentration. Comparing the apparent 
partition coefficient at pH 2.0, where the cation species is 80% of 
the total concentration, to pH 8.9, where the anion concentration is 
about 50% of the total concentration, suggests that the anion 
partitions better than the cation even though the cation concentra- 
tion is 1.6 times greater than the anion. 


The partitioning results indicate that the zwitterion is not the 
dominant partitioning ionic species. This would seem to be con- 
trary to the fact that these compounds exhibit minimal water solu- 
bility at the isoelectric point (1 1). However, this decrease in water 
solubility is a reflection of the high crystal lattice energy of the zwit- 
terion species as compared to its heat of solution in water and not 
of an increase in lipid solubility (12). The oil-water partition co- 
efficient would be expected to decrease to a minimum at the iso- 
electric point since the lipid layer, with its low dielectric constant, 
would have less tendency to solvate the dipolar ion (zwitterion) 
than water. 


Colaizzi and Klink (9) reported maximum partitioning into the 
n-octanol phase in the pH range where the zwitterion concentration 
of tetracycline and its derivatives would be at its maximum. These 
results, also seemingly contradictory to the findings reported here, 
are probably a result of the apparent fact that for tetracycline a 
significant concentration of the uncharged molecular species exists 
in equilibrium with the zwitterion present (Fig. 7 of Reference 9).  
This uncharged species would be expected to be highly lipid soluble 
and thus partition into the n-octanol phase. Leeson et al. (13) re- 
ported the K.I for tetracycline hydrochloride and tetracycline meth- 
iodide to be 4.68 X 10-4 and 2.76 X 10-4, respectively. As stated 
in their paper (13), the quaternization of the dimethylamino group 
of tetracycline hydrochloride to form tetracycline methiodide 
destroys the dimethylamino acidic center of tetracycline hydro- 
chloride but should not affect other acidic centers since the dimeth- 
ylammonium group should be electronically similar to the qua- 
ternary ammonium group. Therefore, the KGI of tetracycline meth- 
iodide should represent the sum of the microionization constants 
(kl + k2) associated with the equilibrium of the cation species with 
the zwitterion species of tetracycline hydrochloride. The difference 
in acidity between KaI of tetracycline hydrochloride and tetracycline 
methiodide (1.92 X 10-4) should approximate the contribution of 
the proton associated with the dimethylamino group in tetracycline 
hydrochloride. i.e., the microionization constant kn associated with 


Table I I I4ur face  Excess as a Function of pH for 
Ampicillin, Cephalexin. and Cephaloglycin 


Compound 


Ampicillin 
Ampicillin 
Ampicillin 
Ampicillin 
Cephalexb 
Cephalexin 
Cephalexin 
Cephalexin 
Cephaloglycin 
Cephaloglycin 
Cephaloglycin 
Cep haloglycin 


Surface Excess, 
moles/cm.*. 


PH x l0-'1 


4.94 30.5 
6.49 16.6 
7.20 9.4 
7.94 8.4 
4.94 5.27 
6.49 5.70 
7.20 5.79 
7.94 6.49 
4.94 6.43 
6.49 - .  .. 


7.20 
7.94 


9.11 . 


9.52 
9.67 


the equilibrium of the cation species with the uncharged species of 
tetracycline hydrochloride. Since at any pH, each of the isoelectric 
forms of tetracycline hydrochloride is in equilibrium with the cation 
species, they must also be in equilibrium with each other. 


The ratio between (kl + k2) and ka, which is independent of pH, 
should represent the tautomeric equilibrium constant (K,) between 
the zwitterion species and uncharged species of tetracycline hydro- 
chloride (14). 


The value of K.  calculated'6 for tetracycline is 1.44. Fiom this 
value for K,, it is a simple matter to  calculate11 that 41 of the 
isoelectric species will be in the uncharged form. Thus the enhanced 
partitioning into the lipid phase when the isoelectric forms are in 
maximum concentration may be due to the uncharged tetracycline 
molecules. Colaizzi and Klink (9) also reported that the tetracycline 
methiodide did not partition into the n-octanol phase. This would 
be expected on the basis of the explanation just put forth, since the 
drug,cannot form an uncharged species (although it does form a 
zwitterion). 


In contrast to tetracycline hydrochloride, the pH-partition ex- 
periments of this study tend to indicate that very little uncharged 
species is present in the cases of ampicillin, cephalexin, cephalogly- 
cin, and L-phenylalanine. This was borne out by Hou and Poole 
(12), who reported that ampicillin, like other amino acids in aqueous 
solutions at 25 O (e.g., L-phenylalanine), exists essentially as zwit- 
terions within the isoelectric region. Similar behavior would be ex- 
pected for cephalexin and cephaloglycin due to the similarity in 
structure with ampicillin. This lack of significant amounts of un- 
charged lipophilic species would also explain the significantly lower 
oral absorption observed with ampicillin as compared to its acyloxy- 
methyl esters (15), which can exist as an uncharged molecule. 


It can be rationalized that the surface activity of the various 
dissociative species of the drugs employed in this study may be in- 
fluencing the apparent partition coefficient by changing the surface 
excess or reducing the interfacial tension at the interface between 
the lipid and the aqueous buffer phases. Because the concentrations 
of the various dissociative species change with pH, the surface 
activity may not remain constant throughout the pH range em- 
ployed in the partition studies. To evaluate these af€ects on the pH- 
partition studies, the Gibbs adsorption equation (4), which defines 
surface excess as a function of concentration of drug and surface 
tension, was used ( 16) : 


(Eq. 4) 


where s is the surface excess in moles/cm.*, R is the universal gas 
law constant in ergs mo1e-I deg.-l, T is the absolute temperature, c 
is the concentration of drug in the bulk solution in moles/l., and 
u is the surface tension in dyneslcm. 


The slopes of the regression lines of surface tension as a function 
of drug concentration at pH 4.9, 6.4, 7.2, and 7.9 were substituted 
into Eq. 4, along with appropriate values for R and T,  to obtain the 
surface excess for each drug at a concentration of 1 mg./ml. The 


s = ( -c /RT) (dO/dC)T 


1) KZ = (kl + kz)/ka = 2.76 X 10-'/1.92 X 10-4 = 1.44. 
11 KZ = zwitterion speciesluncharged species - 1.44. Let Fitterion 


s ecies = x. Then the percent of total isoelectric concentration as un- 
cRarged species would be(100 - x). K~ = X/(IOO - x) = 1.9, wherex = 
59 of the isoelectric concentration as zwitterionic species. Then un- 
charged species - (100 - 59) = 41 % of isoelectric concentration. 
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values for surface excess at each pH are summarized in Table 111 
for each drug. The regression lines from which the slopes were 
calculated had linear correlation coefficients ranging from -0.879 


The surface excess increased for cephalexin and cephaloglycin as 
the buffer became more alkalirhe, while for ampicillin the opposite 
effect was observed. The molar surface tension reduction for most 
amino acids is at its minimum in the isoelectric region and increases 
when the pH is increased or decreased from the isoelectric point 
(17). The observed values for surface excess may account for some 
of the larger increases in the apparent partition coefficients for 
cephalexin and cephaloglycin as pH increases from 4.9 to 7.9, as 
compared to the similar changes observed for ampicillin. The a p  
parent partition coefficients of cephalexin and cephaloglycin in n- 
butanol-aqueous buffer are, respectively, approximately 1 1 and 
16 times greater at pH 7.9 as compared to pH 4.9. For ampicillin 
in the same partitioning system, only a threefold increase was ob- 
served. It may be that an increase in surface excess and a reduction 
in surface tension occurring in concert with the anion concentration 
approaching its maximum, as observed with cephalexin and ceph- 
aloglycin, enhance the partitioning of the anion into the lipid phase. 
However, with ampicillin, the largest surface excess (maximum re- 
duction in surface tension) occurs when the zwitterion concentra- 
tion is at its maximum and the anion concentration is at its mini- 
mum. This could explain the observation that there is much less of a 
difference in the partitioning coefficients of ampicillin over the pH 
range studied, as compared to the difference observed with ceph- 
alexin and cephaloglycin over the same pH range. 


In summary, the partitioning results for ampicillin, cephalexin, 
and cephaloglycin indicate that the anion is the partitioning species. 
The cation appears to partition to some extent in the case of L- 
phenylalanine, but it tends to inhibit the partitioning of the anion 
for the cephalosporins. The zwitterion does not appear to partition 
to any extent for any of the compounds studied. The surface activity 
of the drugs appears to modify the partitioning results by increasing 
the surface excess of the drug and/or by reducing surface tension at 
the aqueous buffer-lipid interface. 


to -0.994. 
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nil because I is not as strong a base as I1 since only the latter con- 
tains a primary amino group. There was no interference from the 
antioxidant, sodium bisulfite (0.273, and the preservatives, methyl- 
paraben (0.02x) and propylparaben (0.OlX). The best pH range 
for the extraction of the phenylpropanolamine-dye complex with 
chloroform appears to be from 5.8 to 6.4 (Fig. 2). A pH value of 
6.4 was preferred for these studies due to low blank values. The 
effect of buffer concentration on the extraction of the complex ap- 
pears to be negligible (Fig. 1). To confirm this finding, three more 
amines (chlorpheniramine, ephedrine, and phenylephrine) were 
tested and the results were identical (Fig. 1). Compound I can be 
easily assayed (Table 11) using the Koshy-Mitchner method (2) 
with borate buffer without any interference from 11, the antioxidant, 
and the preservatives. 
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Quantitative GLC Determination of 
Resorcinol Monoacetate in Dermatological Products 


PRAMOD P. KARKHANIS’, DAVID 0. EDLUND, and JON R. ANFINSEN* 


Abstract 0 A GLC procedure employing an internal standard of 
orcinol is described for the analysis of resorcinol monoacetate in 
dermatological preparations. The analysis of a cream or lotion is 
performed by the addition of an internal standard, acetylation, 
extraction with benzene, evaporation of benzene, addition of chloro- 
form, and then chromatography on a 5 %  cyano ethyl silicone 
column. 


Key phrases 0 Resorcinol monoacetate creams and Iotions-GLC 
analysis Dermatological creams and lotions, resorcinol mono- 
acetate-GLC analysis 0 Cream, resorcinol monoacetate-GLC 
analysis 0 Lotion, resorcinol monoacetate-GLC analysis 0 
GLC-analysis, resorcinol monoacetate in creams and lotions 


Due to its mild action, resorcinol monoacetate has 
been incorporated in dermatological products primarily 
for the treatment of eczema, psoriasis, and seborrheic 
dermatitis. In addition to the base, the dermatological 
preparations frequently contain sulfur, hydrocortisone, 
and hexachlorophene. 


Due to the complex matrix present in dermatological 
creams and lotions, the quantitative determination of 
resorcinol monoacetate requires extensive cleanup 
procedures. 


Methods of analysis for resorcinol monoacetate 
reported in the literature have included UV absorption 
(1, 2) and photometry after reaction with picric acid (3) 
or p-dimethylaminobenzaldehyde (4). Paper chroma- 
tography and TLC techniques have also been used ex- 
tensively (5 ,  6), and methods describing the use of GLC 
for phenolic compounds have been reported (7,8). None 
of these methods has been used for the quantitative 
determination of resorcinol monoacetate in a pharma- 
ceutical matrix. 


Table I-Statistical Data from GC Analysis of Resorcinol 
Monoacetate (RMA) in Cream Base Placebo 


RMA RMA 
Added,mg. Found,-. Bias, mg. SD, me. df CK Z 


13.50 13.45 -0.05 0.193 5 1.43 
15.00 14.94 -0.06 0.187 6 1.25 
16.50 16.53 f0.03 0.249 5 3.51 


The method described here utilizes an internal stan- 
dard technique and a simple cleanup procedure involv- 
ing acetylation and extraction. It allows the separation 
and determination of resorcinol monoacetate by GLC 
without interference from the excipients commonly 
present in dermatological creams and lotions. This 
method can be adapted to the quality control of re- 
sorcinol monoacetate in creams and lotions. 


EXPERIMENTAL’ 


Chromatographic Conditions-A 1.2241. (4-ft.), 2-mm. i.d.. 
stainless steel column packed with 5 %  cyano ethyl silicone on 
diatomite aggregate (high performance)’, 80-100 mesh, was used for 
the assay. The column temperature was 170°, and the detector and 
injection port temperatures were 220”. The helium carrier gas flow 
rate was 15 ml./min. A flame-ionization detector was used with a 
hydrogen flow rate of 30 ml./min. and an air flow rate of 450 
ml./min. 


Reagents and Solutions-The following were used: resorcinol 
monoacetate NF; orcinol, 95-99x pure’; acetic anhydride, 
reagent grade; and pyridine, reagent grade. 


1 A Hewlett-Packard 7620A research chromatograph with 7127A 


* Five percent XE-60 on Chromosorb G (HP), Supelco, Inc., Belle- 


a K k K Laboratories, Plainview, W 11803 


strip chart recorder and a 7670A automatic sampler was used. 
fonte. Pa. 
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Fiiure 1-A typical chromatogram of standard sdution of re- 
sorcind monoacetate and orcind as internal standard, acetylated 
and extracted. 


For the standard resorcinol monoacetate solution, prepare a 
standard solution containing, accurately weighed, about 300 mg. of 
resorcinol monoacetate in 100 ml. of pyridine. For the internal 
standard orcinol solution, prepare an internal standard solution 
containing about 300 mg. of orcinol in 100 ml. of pyridine. 


For the working standard solution preparation, pipet 5.0 ml. of 
standard solution and 5.0 ml. of internal standard solution into a 
125-ml. glass-stoppered boiling flask. Pipet 10 ml. of pyridine and 4 
ml. of acetic anhydride into the flask. Connect an air condensor to 
the flask and heat on a steam bath for 30 min. 


Sample Preparation-Transfer an accurately weighed sample 
containing about 15 mg. of resorcinol monoacetate into a 125-ml. 
boiling flask. Pipet 5.0 ml. of orcinol internal standard solution, 15 
ml. of pyridine, and 4 ml. of acetic anhydride into the flask. Heat on 
a steam bath for 30 min. using an air condenser. 


Procedure-Cool the working standard and sample preparations. 
Add 50 ml. of benzene to each, mix well, and transfer to respective 
separators. Wash each mixture three times with 50 ml. of distilled 
water, discarding the lower (aqueous) layer each time. Gravity 
filter the upper (benzene) layer (through anhydrous sodium sulfate 
in a folded glass fiber filter) into a 125-ml. glass-stoppered boiling 
flask. Place the flasks in a rotary vacuum evaporator in a hot water 
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Figure %Chromatogram of sample sdution containing orcind 
as internal standard, acetylated andextracted. 


bath and evaporate the solvent until only an oily residue remains. 
Add 5 ml. of chloroform to each flask and swirl to  dissolve the 
sample. Inject 1 or 2 pl. of the sample and standard solutions into a 
gas chromatograph. 


Calculation-Resorcinol diacetate elutes before orcinol diacetate 
under theconditions of the analysis. Determine the peak height ratio 
for each standard and sample solution: 


A (RDA/ODA) for sample 
(RDA/ODA) for standard 


100 = percent resorcinol monoacetate (Eq. 1) 


where: 


RDA = resorcinol diacetate peak height 
ODA = orcinol diacetate peak height 


A = milligrams of resorcinol monoacetate in working stan- 


W = sample weight in milligrams 
dard solution 


RESULTS AND DISCUSSION 


To determine the accuracy and precision of the proposed method, 
a statistical study was done. Samples were prepared containing three 
different levels of known amounts of resorcinol monoacetate. The 
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Figure %Standard curve of resorcinol monoacetate concentration 
versus peak height ratio. 


statistical data are shown in Table 1. The sample cream base 
formulated was composed of sorbitan monolaurate, glycerin, 
polyoxyethylene (20), glyceryl monostearate, hexachlorophene, 
hydrocortisone acetate, propylene glycol, cetyl alcohol, and col- 
loidal sulfur. The statistical evaluation of the results indicates that 
the method had no bias at any of the three levels of resorcinol 
monoacetate. The average coefficient of variation was 1.4Ox. For 16 
replicate samples, the average recovery was 99.76%. 


A typical chromatograph of the standard mixture is shown in 
Fig. 1, and a chromatograph obtained from the extract of the 
dermatological preparation is shown in Fig. 2. The correlation 
coefficient for concentration of resorcinol monoacetate cersus peak 
height ratio (resorcinol diacetate/orcinol diacetate) was found to be 
1.025. A calibration curve for milligrams of resorcinol monoacetate 
versus peak height ratio is shown in Fig. 3. 


The statistical results indicate that the method is accurate and 
reproducible for quality control of resorcinol monoacetate in 


Table II-Determination of Resorcinol Monoacetate in 
Commercial Reparations 


Numberof Label 
Sample Samples Claim, % Found, Z (Z) 


Cream I 20 3.0 3.03 
Lotion I 12 3.0 3.09 
Cream II 16 3.0 3.04 
Lotion 11 9 3.0 2.88 


dermatological preparations. 
This method has been used in these quality control laboratories 


for over a year. The results obtained during this period are shown in 
Table 11. 
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GLC Analysis of Hornatropine Methylbromide in 
Tablets and Elixirs 


B. F. GRABOWSKI*A, B. J. SOFTLYt, B. L. CHANG*, and W. G. HANEY, Jr.* 


Abstract 0 A GLC assay was developed for the determination of 
homatropine methylbromide in both tablets and elixirs. The method 
allows for assaying the drug in the presence of other tropine de- 
rivatives and the usual constituents of tablets and elixirs. An aque- 
ous suspension of tablets or a sample of elixir was adjusted to pH 
2.2 with hydrochloric acid buffer USP and extracted with ether. 
This preliminary extraction of the buffered sample removes inter- 
fering substances and excludes any hydrolyzed material in the 
sample from analysis. The homatropine methylbromide was then 
hydrolyzed by adding 10% sodium hydroxide solution to pH 10-11 
and boiling the solution for 20 min. After acidification with hydro- 
chloric acid buffer, the resulting mandelic acid was extracted with 


ether. The trimethylsilyl derivative of the mandelic acid resulting 
from hydrolysis was then chromatographed, with the trimethylsilyl 
derivative of 2-naphthol as the chromatographic standard. A blank 
elixir preparation with added homatropine methylbromide (0.12 
mg./ml.) assayed with an accuracy of 99.12% of the calculated 
value. This procedure was applied to various commercial prepara- 
tions containing homatropine methylbromide. with reproducible 
results ranging from 97.59 to  100.86% of the labeled amount of 
homatropine methylbromide. 


Keyphrases 0 Homatropine methylbromide tablets and elixir- 
GLC analysis IJ GLC-analysis, homatropine methylbromide 
tablets and elixir 


Many esters of the amino alcohol tropine exhibit 
strong anticholinergic activity (1) and, as a result, are 
found in several pharmaceutical preparations. Analysis 
of both naturally occurring and semisynthetic deriva- 


tives, particularly those contained in pharmaceutical 
preparations, has been of interest to the pharmaceutical 
chemist for many years (2). Several of the official pro- 
cedures (3) for the analysis of these compounds, how- 
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tion distilling at 60-61.5" was collected. Longer or shorter reaction 
times and higher or lower temperatures failed to produce a yield in 
excess of 18%. Vapor phase chromatographic analysis of the prod- 
ucts from various experiments indicated a purity of 7040%. R e  
distillation of the 60-61 .So fraction afforded little additional purity. 
This material was used in the reaction with benzylamine. The purest 
samplewasemployedinspectralstudies; IR (neat):2150(-H) 
cm.-'; NMR (Cad): 1.65 (d, 3, C-CHI), 2.43 (d, 1, - 4 S C H ) .  and 
4.50 (quartet of doublets, 1, CI-CH). 


N-34 l-Butynyl)-benzylamine Hydrochloride-Similar to a pro- 
cedure described by Hennion and Nelson (7), a mixture of the above 
chloro compound (2.5 g.), benzylamine (13.1 g.), and water (3.2 ml.) 
was stirred at room temperature for 60 hr. At the end of this time, 
an equal volume of water (15 ml.) was added and two phases formed. 
The upper layer (organic phase) was separated, and the bottom 
layer (aqueous phase) was diluted again with an equal volume of 
water. Again two phases formed and the upper layer was combined 
with the first. Ether (25 ml.) was added, this solution was washed 
with water (2 X 5 ml.) and dried over potassium hydroxide, and 
the ether was removed in DOCUO. The residue was distilled through a 
Vigreaux column, and the fraction distilling at 168-172'/17 mm. Hg 
was collected; IR (neat):3400 (>NH) and 2150 ( - C d H )  cm.-l; 


(quartet of doublets, 1, N-CH), 3.88 (d, 2, ArCH,), and 7.22 (s, 5,  
ArH). This fraction was dissolved in 50 ml. of anhydrous ether, and 
hydrogen chloride gas was passed through the solution, giving 1.2 g. 
of a white solid (22x  yield based on pure 3thloro-1-butyne). 
Several crystallizations from benzene afforded an analytically pure 
sample, m.p. 210.5-21 1.5". 


NMR (CC14):1.31 (d, 3, C--CHa), 2.16 (d. 1, 4 d H ) .  3.38 


Anal.--Calc. for CIIHLCIN: C,  67.52; H, 7.16; N, 7.16. Found: 
C, 67.37; H, 6.97; N, 7.00. 
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Synthesis and Antifungal Activity of Polyhalophenyl Esters of 
Pyridyl- and 4-Quinolylcarbamic Acids IV 


I. LALEZARI., H. GOLGOLAB, A. SHAFIEE, and M. WOSSOUGHI 


Abstract 0 Polyhalophenyl esters of 2-, 3-, and Cpyridyl- and 2- 
phenyl4quinolylcarbarnic acids were synthesized. All pre- 
pared compounds inhibited the growth of Candida albicans at 50. 
mcg./ml. concentration. 


Key phrases 0 Pyridylcarbamic acid, polyhalophenyl esters-syn- 
thesis, antifungal activity 0 2-Phenyl-4-quinolylcarbamic acid, 
polyhalophenyl esters-synthesis, antifungal activity IJ Carbamic 
acid esters-synthesis, antifungal activity 0 Antifungal agents, 
potential-polyhalophenyl esters of pyridyl- and 2-phenyl-4- 
quinolylcarbamic acids 


In a continuation of the studies on the chemistry and 
antifungal activity of substituted carbamic acid esters 
(1-3), polyhalophenyl esters of 2-, 3-, and 4-pyridyl- and 
2-phenyl-4-quinolylcarbamic acids were synthesized by 
interaction of the appropriate azide and polyhalo- 
phenol (Scheme I). 


RCOCI + RCONI - RNHCOtAr 
R = 2-, 3-, or 4-pyridyl or 2-phenyl4quinolyl 


Ar = 2.4,6-tribromophenyl. 2,4,6-trichlorophenyI, 7,4,6-triiodo- 
phenyl, or pentachlorophenyl 


Scheme I 


EXPERIMENTAL' 


Picolinyl azide was prepared according to Meyer and Mally (4). 
Nicotinyl azide was prepared by the method of Curtius and Mohr 
(5 ) .  Isonicotinyl a i d e  was synthesized according to Yoshikowa (6). 
2-Phenyl-4-quinolylcarboxazide was obtained by the method of 
John el al. (7). 


2-Pyridylcahnmic Add Pentadrloropbenyl Ester-2-Pyridyl 
azide, 0.74 g. ( 5  mmoles), and 1.33 g. ( 5  rnmoles) of pentachloro- 
phenol in 30 ml. of dry toluene were gently reflwed for 30 min. 
After evaporation of the solvent under reduced pressure, the resi- 
due was recrystallized from 80% ethanol to give 1.16 g. (60%), 
m.p. 135'; m/e 384,386,388, and 390; vmu: 2900,1710,1620,1540, 
1470, 1440, 1410, 1360, 1320, 1250, 1150, 995, 980, 880, 778, and 
715 cm.-1. 


3-Pyridylcarlmmic Add 2,4,6Triiodophenyl Ester-This com- 
pound was prepared in a similar manner to its pentachlorophenyl 
analog; m/e 592; vmX: 3300, 1750, 1580, 1550. 1480, 1420, 1200, 
1060, lorno, 850, 810, 780, 740, and 703 cm.-i. 


CPyrfdylcarbamic Acid 2,4&Triiodophenyl Ester-This com- 
pound was prepared in a similar manner to its pentachlorophenyl 
analog; m/e 592; NMR (dimethyl sulfoxide): 7 7.9-8.1 (d, W ,  


1 Melting points were taken on a Kofler hot-stape microscope and are 
uncorrected. The IR spectra were determined with a Leitz model 111 
spectrograph. NMR spectra were obtained on a Varian A F A  instru- 
ment. Mass spectra were determined with a Varian Mat 11 1 instrument. 
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Table I-Polyhalophenyl Esters of Pyridyl- and 4-Quinolylcarbamic Acids 


R 
-RNHCO&- Melting 


Ar Point Yield, Z Formula" CalC. Found 


2-Pyridyl 


2-Pyridyl 


2-Pyridyl 


2-Pyrid yl 


3-Pyridyl 


3-Pyridyl 


3-Pyridyl 


3-Pyridyl 


CPyridyl 


CPyridyl 


4-Pyridyl 


CPyridyl 


2-Phenyl4quinolyl 


2-Phenyl4quinolyl 


2-Phenyl4quinolyl 


2-Phenyl-rl-quinolyl 


2,4,6Trichlorophenyl 


2,4,6-Tribromophenyl 


2,4,6Triiodophenyl 


Pentachlorophen yl 


2,4,6-TrichlorophenyI 


2,4,6-Tri bromophenyl 


2,4,6-Triiodophenyl 


Pentachlorophenyl 


2,4,6-TrichlorophenyI 


2,4,6-Tribromophenyl 


2,4,6-Triiodophenyl 


Pentachlorophenyl 


2,4,6TrichlorophenyI 


2,4,6-Tribromophenyl 


2,4.6-Triiodophenyl 


Pentachlorophenyl 


142" 


115" 


140" 


135" 


225" 


145" 


165" 


90" 


146" 


160" 


145" 


25 


a 
25 


60 


25 


30 


45 


30 


60 


20 


50 


c 45.35 
H 2.20 
C 31.92 
H 1.55 c 24.30 
H 1.18 
C 37.25 
H 1.29 c 45.35 
H 2.20 
C 31.92 
H 1.55 
c 24.30 
H 1.18 
C 37.25 
H 1.29 c 45.35 
H 2.20 
C 31.92 
H 1.55 
C 24.30 
H 1.18 -- 


130" 35 GiHscIsNiOi C 37.25 
H 1.29 


167" 80 GiIfiaaiNrOz C 59.52 
H 2.93 


175" 65 CiaHl:Br:N,Oa c 45.75 
H 2.25 
C 36.76 180" 45 CiiHiaIaNiOi 
H 1.81 


135" 60 G:HnasNiOi C 51.51 
H 2.14 


-- 
130" 35 GiHscIsNiOi C 37.25 


H 1.29 
167" 80 GiIfiaaiNrOz C 59.52 


H 2.93 
175" 65 CiaHl:Br:N,Oa c 45.75 


H 2.25 
C 36.76 180" 45 CiiHiaIaNiOi 
H 1.81 


135" 60 G:HnasNiOi C 51.51 
H 2.14 


45.30 
2.22 


32.04 
1 .a 


24.29 
1 . l l  


37.30 
1.28 


45.33 
2.19 


31.88 
1.62 


24.32 
1 .20 


37.25 
1.31 


45.38 
2.27 


31.99 
1.48 


24.33 
2.01 


37.37 
1.21 


60.01 
3.03 


45.60 
2.26 


36.70 
1.86 


51.40 
2.22 


O IR. NMR, and mass spectra of all compounds were as expected. 


ehydrogens), 7.69 (s, W ,  aromatic H), 7.35 (s, lH, NH), and 
6.65-6.85 (d, W, Bhydrogens). 


Z-Phenyl4quidylcarbamic Add 2,4,6-Tribromophenyl Ester- 
This compound was prepared in a similar manner to the pyridyl 
analog; Y-: 3330, 3050, 1755. 1615,1560,1538,1445, 1380, 1280, 
1200,995,860,810,775,765.745, and 690 cm,-l. 


All other compounds were prepared similarly. The physical 
data of prepared compounds are listed in Table I. 


All prepared compounds were tested against Candida afbicms' 
in uitro using BBL Sabouraud dextrose agar medium. Concentra- 
tions of 10 and 50 mcg./ml. of each compound were used. Com- 
pounds were dissolved in acetone, diluted with hot culture medium 
to the desired concentration, and autoclaved at 120" for 1 hr. 


Pentachlorophenyl esters of 2-pyridyl- and 2-phenyl-4-quinolyl- 
carbamic acids inhibited the growth at 10 mcg./ml. concentra- 
tions against the blank. Slight growth inhibition was observed with 
other compounds at the same concentrations. 


After 5 days at 28", the growth was entirely inhibited with 50- 
mcg./ml. concentrations of all compounds prepared. 


1 This microorganism was obtained from the Department of Para- 
sitology, Public Health Institute. Tehran. Iran. 
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Variation on the USP-NF Rotating-Basket 
Dissolution Apparatus and a New Device for 
Dissolution Rate Studies of Solid Dosage Forms 


GISELA HARINGER’, BOYD J. POULSEN, and RUTH N. HAVEMEYER 


Abstract 0 Tablet dissolution studies were conducted comparing 
three dcviccs: the US1’-NF rotating basket, a modification of this 
called the hent hasket. and a newly designed L-shaped Teflon 
holder/stirrer. I n  these studics, the latter two devices were superior 
to the official device. 


Keyphrascs 0 Dissolution equipment--modified compendia1 
rotating basket, new rotating assembly 0 Tablet dissolution- 
modified compcndial rotating basket, new rotating assembly 


The USP XVIII and N F  XI11 include a description of a 
rotating-basket dissolution apparatus, the purpose of 
which is to provide: “an objective means of determining 
the dissolution characteristics of a solid dosage form” 
(1). The intent of this apparatus is to  determine com- 
pliance with the limits on dissolution where stated in 
the individual (USP) monograph for a tablet or capsule 
form (I) .  The USP monograph for prednisolone tab- 
lets, for instance, states that the time required for 
60% of the labeled amount of CZ1H2806 to dissolve is 
not more than 20 min., deaerated water being used 
as the dissolution medium and the basket being rotated 
at 100 r.p.m. ( 2 ) .  Similar time limits are cited for five 
other tablets in USP XV111. While the designated use of 
the USP-NF dissolution apparatus is quite limited, its 
official status ensures that it will be extensively used for 
many solid drug products, both new and old. To date, 
only a very limited quantity of published data exists re- 
lating to the use of the USP-NF rotating-basket appara- 
tus. In short, its utility for characterizing the dissolution 
properties of the large number of drugs marketed as 
tablets or capsules remains unproven. This preliminary 
report describes some difficulties encountered in our 
laboratories with the official apparatus and describes a 
variation on this apparatus that subsequently led to the 
design of a new rotating device which may offer certain 
advantages. 


EXPERIMENTAL 


Dissolution studies. using the USP-NF rotating-basket device 
(Fig. Ib), were conducted on two batches of an experimental tablet 
formulation. The active ingredient was a steroid (chlormadinone 
acetate) having a water solubility of 1.7 mcg./ml. at  37”.  Pertinent 
physical characteristics of two lots of the same formulation, dilfer- 
ing appreciably in their dissolution behavior, are shown in Table I .  
A volume of boiled (deaerated) water sufficient to provide sink 
conditions (1 500 ml.) was employed, and all experinicnts were 
conducted at 37’. The hasket was rotatcd at  80 r.p.m. Samples 
were tqken by filtering thc cntire volume of dissolution fluid through 
a 0.45-p membrane] and using 250 ml. of the filtrate for chloroform 
extraction. The extract was evaporated to dryness, and the residue 


a b 
Figure 1-(a) Bent haslict, atrd(b) USP N F  rotrrtitrg basket. 


was redissolved in an accurately measured volume of chloroform. 
The absorbance of this solution was recorded at 286 nm. on a 
spectrophotometer?, and the quantity of steroid dissolved at various 
time points was determined. At a later datc, USP-NF rotating 
baskets madc with 24-mesh stainless steel screen, rather than the 
40-mesh screen. were used in an attempt to  get better dispcrsion 
of the tablet particles into the dissolution fluid as disintegration 
occurred. 


The USP-NF hasket. with 40-mesh screen! was further modificd 
by bending the stainless steel stirring rod of the apparatus a t  a 
90” angle just ahove the hasket to  yield an L-shaped configuration 
(Fig. lu). This device provided a greater flow of dissolution fluid 
over the tablet. 


As a consequence of the experience with the bent basket. a third 
device was designed and constructed it1 this laboratory. The lablet 
holder/stirrer (Fig. 2) consisted of a piece of Tellon rod which was 
attached a t  a 90‘ angle to a stainless steel stirring rod, and a cylinder 
of stainlcss steel screcii (24 mcsh) was seam-welded to fit tightly 
over the Teflon holder. This device ensured that the tablet (or 
capsule) was held at a fixed distance from the center of rotation 
during thc disintcgration phase of the dissolution experiment. The 
agitation intensity could be varied by changing either the stirring 
rate or the length of the Teflon rod. 


I Mctriccl. 2 Beckman DB. 
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Table I-Drug and Tablet Characteristics 


Active ingredient 
Total tablet weight 80 mg. 
Drug solubility 


Chlormadinone acetate, 0.5 mg./tablet 


1.7 mcg./ml. (37 ") 
-Batch A- -Batch B- 


Hardness (S-C units) 3-4 5-6 
Disintegration time: 


With disk 3-5 min. 4-5 min. 
Without disk 11-14 min. 11-13 min. 


When highly acidic solutions, such as artificial gastric fluid 
(pH 1.2), are employed as the dissolution medium, the stainless 
steel used in components of the apparatus may be subject to cor- 
rosion. For such experiments the stainless steel rod and screen can 
be replaced with a glass rod and nylon mesh. 


RESULTS AND DISCUSSION 


Dissoiution data obtained for the two tablet batches with the 
USP-NF rotating basket are shown in Fig. 3a. These data indicate 
that significant in vitro differences exist between the dissolution 
rates of the two different batches. With Batch A, the substitution 
of 24-mesh screen for 40-mesh screen had no effect on the dissolu- 
tion except a t  the 15-min. time point. With Batch B, the dissolution 
rate did increase with the 24-mesh screen but not as much as ex- 
pected. 


I t  was obvious from subsequent observation of tablet remains 
that the slow dissolution rates shown in Fig. 3a were the result of 
slow and incomplete disintegration of the tablets using the USP-NF 
apparatus. Tablets from both batches disintegrated poorly in the 
ofieial dissolution device, and disintegration was incomplete after 
several hours at  stirring speeds up t o  100 r.p.m. Whether the dif- 
ference between batches was primarily due to different disintegra- 
tion characteristics was uncertain a t  this point. Disintegration tests 
conducted with the official disintegration apparatus, both with and 
without disks (Table I), indicated no significant differences between 
Batches A and B. 


The use of deaerated water was essential for all of the dissolution 
studies. If there is dissolved air in the dissolution fluid, bubbles 
collect on the screen and hamper the flow of Huid over the tablet. 
This can lead to low values and extensive scatter in the data. 


The purpose of the basket in the USP-NF apparatus presumably 
is t o  hold the tablet or capsule in a fixed position during the dis- 
integration process. In essence, the distance of the tablet from the 
center of rotation is fixed within small limits. However, the position 
and orientation of a tablet in the bottom of the basket may vary 
somewhat from experiment to experiment unless the stirring speed 
is sufficient to hold the tablet against the outer perimeter of the 
screen by centrifugal force. 


As a tablet disintegrates during the dissolution test, the How of 
solvent through the basket must be sufficient to disperse the tablet 
components and sweep them through the openings in the basket 
screen. I f  not, disintegration may be impeded and unusually slow 
dissolution of the active ingredient will result. Experiments con- 
ducted during these studies suggested that the basket of the USP-NF 
apparatus provided what might be described as a protective enve- 
lope around the tablet. This was indicated by the relatively minor 
effect on dissolution rates produced by changes in the stirring rate 
or the mesh size of the screen. In addition, installation of a 12.7-cm. 
(5411.) stirring blade on the stirring shaft directly above the basket 
produced no appreciable effect on the dissolution rate, although a 
considerable increase in the agitation in the bulk dissolution me- 
dium was observed. Beyer and Smith ( 3 )  indicated that the degree 
of vibration in the USP-NF dissolution apparatus has a marked 
effect on the dissolution rate of tolbutamide tablets at  rotation 
speeds below 150 r.p.m. They noted that vibration at  lower stirring 
speeds caused particles of disintegrating tablets to escape from the 
basket, producing a higher rate of dissolution. 


A configurational change in the standard USP-NF rotating- 
basket apparatus, which ensured better flow of the solvent 
through the basket, radically changed the results obtained with 
this device in the present study. The stainless steel stirring rod of the 
apparatus was bent a t  a 90" angle just above the basket to yield 
an L-shaped configuration (Fig. lo) .  This modification gave a 


I 


I 
I 


I 
I 
I 
I 
I 
I 


I 


I 


I 


I 


I 
1 
I 


d 


1 
I 


5 3 O.D. 


r- I 


C 


Figure 2- Diagram of Teflon stirrer/iiolder. Key: a ,  sfainless sieel 
rod: b ,  TeJon tablet holder; and c, stainless steel screen. 


maximum stirring radius of 6.1 cm. (2.4 in.) for the tablet. The 
dissolution data for Batches A and B obtained with this bent basket 
are shown in Fig. 3b. With the bent basket the dissolution increased 
considerably over that obtained with the straight USP-NF rotating 
basket-from 30 to 55 2 for Batch B and from 75 to 9 5 2  for Batch 
A a t  60 min. For Batch A the bent basket with 40-mesh screen gave 
a better dissolution rate than that with 24-mesh screen. The authors 
have no explanation for this'. There was essentially no difference 
for Batch B. 


Dissolution data obtained using the L-shaped Teflon device 
are shown in Fig. 3c. With this device, as with the bent basket, 
complete disintegration of both batches occurred in approximately 
30 min. Nonetheless, a distinct difference in dissolution rates be- 
tween the two batches was found, as noted previously with both 
the bent and straight baskets. The data obtained with the Teflon 
device werq lower-by 1-20~-than those obtained with the bent 
basket. This was undoubtedly due to the much greater stirring 
radius obtained with the bent basket, 6.1 cm. (2.4 in.) cersus 2.54 
cm. (1.0 in.). A disadvantage of the modified or bent USP-NF basket 
is that at  low stirring speeds (<60 r.p.rn.) a tablet tends to wander 
within the basket, so greater variability in the data may be obtained. 


As recently noted by Mattok et a/ .  (4), highly acidic media can 
be very detrimental to the stainless steel rotating-basket device. 
The new device described here can be constructed entirely cf non- 


3The reviewer observed in his laboratory, in a similar situation, 
"heavy exci ients with the dr:g settling to the bottom of the vessel and 
remaining tiere undisturbed. In  his opinion, the smaller mesh basket 
prevents this. 
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Figure %Dissolution profiles of chlormadinone acetate (0.5-mg.) tablets (Batches A a i d  E )  determined at 80 r.p.m. Key: (a), USP-NF rotating 
basket; (b), bent basket (modified USP-NFbasket); (c), Teflon device; --, 40-mesh screen; and - - -, 24-mesh screen. 


corroding materials: a glass rod, a Teflon tablet holder, and nylon 
screening. 


Although the Teflon device was not originally designed for 
capsule studies, it will accommodate up to a number 3 hard gelatin 
capsule. For larger sizes, the cavity of the device can be appro- 
priately enlarged. 


The Teflon holder/stirrer described in this report has the follow- 
ing features: 


1 .  The tablet is held at a fixed distance from the center of rota- 
tion regardless of the stirring speed. 


2. The configuration of the device ensures that particles of the 
disintegrating tablet are swept from the tablet holder into the bulk 
dissolution medium. The holder also functions effectively as a 
stirring blade to provide sufficient agitation to keep tablet particles 
dispersed in the dissolution medium. 


3. The stainless steel components can be replaced with glass and 
nylon for use in highly acidic media. In addition, the device is 
simple in design and inexpensive to construct. 


As a final point, it must be emphasized that in uitro dissolution 
rate differences observed in the in uitro test are of limited value in 


the estimatioh of relative bioavailability. Such conclusions can be 
arrived at only following appropriate in uico experiments. 
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Pharmacokinetics of Trichloroethanol and Metabolites and 
Interconversions among Variously Referenced 
Pharmacokinetic Parameters 


EDWARD R. GARRETT' and HOWARD J. LAMBERT 


Abstract 0 The pharmacokinetics of intravenously administered 
trichloroethanol, chloral hydrate, sodium trichloroacetate, and tri- 
chloroethanol glucuronide were studied in the dog with developed 
GC analyses of blood, urine, and feces, and analyzed with aid of 
analog and digital computation. Trichloroethanol pharmacokinetics 
were evaluated at multiple-dosage levels and showed distribution 
from a central compartment assignable to extracellular body water 
into readily available and less available tissues assignable to total 
body water and lipoidal and other tissues. The major route of re- 
moval of trichloroethanol in the dog was by conjugation to the 
glucuronide, and the first-order rate constants of this metabolic route 
were dose dependent but did not appear to be a consequence of 
enzymic saturation or change in apparent volumes of distribution 
with dose. A possible explanation is that the hepatic lipid-water 
ratio may vary with the dose of trichloroethanol. The formed 
trichloroethanol glucuronide, after release from the liver, was 
rapidly distributed in the extracellular body water of the dog and 
rapidly eliminated in the urine by glomerular filtration and tubular 
secretion. Biliary elimination of the glucuronide accounted for 
about 5 %  of an intravenous dose of trichloroethanol. Saturation 
of the bile secretory mechanism was demonstrated at higher tri- 
chloroethanol doses, e.g., 100 mg./kg., but the absence of trichloro- 
ethanol and its glucuronide in the feces may be explained by 
hydrolysis of the biliary glucuronide in the GI tract with subse- 
quent reabsorption of the formed trichloroethanol, Le., an entero- 
hepatic shunt. No assayable trichloroacetic acid was observed in the 
blood or urine of dogs dosed with trichloroethanol. A long apparent 
disposition half-life of 75 hr. was observed after intravenous ad- 
ministration of sodium trichloroacetate; this can be explained by 
the extensive tissue binding of trichloroacetate which gave high 
apparent volumes of distribution. Intravenously administered 
chloral hydrate was rapidly and quantitatively converted to tri- 
chloroethanol in the dog, with an apparent half-life of 3 min. Pro- 
tein binding of trichloroethanol and its glucuronide (about 35 %) 
was determined. Although the glucuronide did not partition into the 
red blood cells, the trichloroethanol did so instantaneously, with a 
partition coefficient of 2.1 in favor of the red blood cells. Since 
apparent volumes of distribution and microscopic pharmacokinetic 
rate constants have quantitative values that vary widely, depending 
on whether they are referenced to total blood, total plasma, or un- 
bound drug in plasma concentrations, a detailed analysis of the con- 
versions among these variously referenced constants was made and 
applied to the data of these studies. Estimates of the microscopic 
rate constants and apparent volumes of distribution referenced to 
unbound drug in plasma have the most valid physiological signifi- 
cances. These are complex functions of the hematocrit, the degree of 
protein binding, the true volume of plasma or blood in the animal, 
and the red blood cell/plasma partition coefficient when the drug is 
assayed per milliliter of whole blood or per milliliter of plasma. The 
awareness of these facts will necessitate extensive recalculation of 
many pharmacokinetic constants now given in the literature. 


Keyphrases 0 Trichloroethanol-phamacokinetics and metabolites 
after intravenous administration, dogs 0 Chloral hydrate- 
pharmacokinetics and metabolites after intravenous administra- 
tion, dogs 0 Pharmacokinetics-trichloroethanol, chloral hydrate, 
and metabolites after intravenous administration, dogs 0 GLC- 
analysis, trichloroethanol and metabolites 


The hypnotic effect of 2,2,2-trichloroethanol was first 
demonstrated in 1882 (1). It was previously reported 
that the product isolated from the urine of patients 


dosed with chloral hydrate was a conjugation product 
of trichloroethanol and glucuronic acid (2). The con- 
jugated glucuronic acid was measured in rabbit urine, 
and it was concluded that chloral hydrate and trichloro- 
ethanol are both converted to the conjugated product in 
the same proportions (3). 


Butler (4) and Marshall and Owens ( 5 )  noted that the 
CNS depression which follows the ingestion of chloral 
hydrate is due principally, if not entirely, to the trichloro- 
ethanol formed by reduction in aiao. The same investi- 
gators (4-6) demonstrated that the principal metabolic 
products of trichloroethanol are trichloroacetic acid and 
trichloroethanol glucuronide (Scheme I). Those metab- 
olites did not appear to have hypnotic activity. 


The major route of trichloroethanol metabolism in 
dogs was glucuronidation, and more than 6 0 x  of the 
dose was found in the urine as the glucuronide (5) .  
This was more than twice that found in the urine of 
human subjects (5) .  Some of the glucuronide formed 
from an intravenous dose of trichloroethanol was 
secreted and concentrated in the bile of dogs (6). A 
small fraction of the dose was excreted unconjugated. 
Comparison of the species difference in trichloroacetate 
anion formation was stated to be difficult due to its 
probable metabolic destruction by the dog (5 ) .  


This paper presents the results of studies on the 
pharmacokinetics of trichloroethanol and its metab- 
olites in  the dog at various doses administered intra- 
venously. These pharmacokinetic studies were based on 
analyses expressed in terms of total concentrations of 
drugs or metabolites in blood that give apparent 
volumes of distribution and microscopic rate constants 
referenced to such concentrations. These are different 
values than would be obtained if the analyses were ex- 
pressed in terms of total concentrations or unbound con- 
centrations in plasma. The latter values would be most 
consistent with the physiological referents and the 
physicochemical realities of drug disposition in the 


ClF- coo- 
trichloroacetate anion 


chloral hydrate trichloroethanol 
COO- 


C13C-CHL-T , O A  


F O H  
OH 


trichloroethanol glucuronide 
Scheme I 
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body. The literature is replete with the presentation of 
such parameters variously referenced. Since the calcula- 
tion of one set of reference parameters from another is 
necessary to compare those of the same and different 
drugs within and among species, rigorous expressions 
of such mathematical conversions are developed in a 
special section and applied to the pharmacokinetic data 
of this paper. The protein binding and red blood cell 
partitions necessary for these applications are deter- 
mined. 


The complete model for the pharmacokinetics of tri- 
chloroethanol and its metabolites that will be outlined 
here did not spring into being intuitively as a full- 
fledged entity. It had to be developed by sequential 
processes of systems analyses that included graphical 
analyses, analog simulation, and digital computation in 
accordance with a consistent model. A section of this 
paper delineates the systematic technological patterns 
and sequences of such logical analyses used in model 
construction and quantification. 


The pharmacokinetic studies of trichloroethanol at 
various intravenously administered dose levels clearly 
show that the drug distributes by first-order processes 
into both a shallow and a deep compartment and that the 
only significant route of removal of trichloroethanol in 
the dog is by conjugation to the glucuronide. The appar- 
ent first-order rate constants of trichloroethanol are 
dose dependent. This does not appear to be due to 
changes in the apparent volumes of distribution of the 
major compartments, nor is it a consequence of enzyme 
saturation. The latter is denied by the facts that first- 
order processes persist at all dose levels and that simul- 
taneous challenging in uiuo with the potent glucuroni- 
dation inhibitor sulfobromophthalein indicated a large 
capacity for glucuronidation. However, an excessively 
large dose administered did decrease the rate of glu- 
curonidation. 


It is shown that the rate of appearance of trichloro- 
ethanol glucuronide in the body did not reflect the rate 
of loss of trichloroethanol. The glucuronide's appear- 
ance was delayed, and the maximum blood level was 
lower than would be predicted from the instantaneous 
loss of the alcohol. This implies an intermediate storage 
depot which can be assigned to the liver. The results of 
balance studies across the liver of a surgically modified 
dog are consistent with this hypothesis. It is shown that 
the phenomenon of trichloroethanol dose-dependent 
pharmacokinetics can be rationalized by postulating 
that the hepatic lipid-water ratio varies with the dose of 
trichloroethanol and that this effect on microscopic re- 
distribution of trichloroethanol in the liver from an 
aqueous metabolic biophase modifies the metabolism 
rate. 


It is explained that the renal clearance of glucuronide 
that decreases with the higher glucuronide concentra- 
tion in blood,'which results from higher doses of tri- 
chloroethanol, can be rationalized by postulating the 
saturation of the tubular secretory pathway for glu- 
cur o n i d e. 


The pharmacokinetic study on intravenously ad- 
ministered trichloroethanol glucuronide clearly shows 
that it is primarily eliminated by filtration and tubular 
secretion. Although about 5 of the dose is biliary ex- 


creted, the lack of significant glucuronide in the feces 
implicates extensive GI solvolysis and reabsorption of 
the resultant trichloroethanol. It is demonstrated that 
saturation of the bile secretory mechanism for glucuro- 
nide occurs at higher trichloroethanol doses as well as 
increased bile flow rates. 


The pharmacokinetic studies on intravenously ad- 
ministered trichloroacetic acid demonstrate long dose- 
independent apparent half-lives of elimination, which 
can be rationalized by the high apparent volumes of 
distribution assignable to extensive tissue binding. 


The pharmacokinetic studies of intravenously ad- 
ministered chloral hydrate demonstrate that it is rapidly 
and quantitatively converted to trichloroethanol in the 
dog, with an apparent half-life of 3 min. 


EXPERIMENTAL 


Materials-The following were used: glacial acetic acid', chloral 
hydrate USPI, 5 % trichloroacetic acid solution', chlorobutanol 
USPI, anhydrous ether', anhydrous sodium acetate (analytical 
reagent)', mepesulfate (sodium salt of sulfated polygalacturonic 
acid methyl ester methyl glycoside)', and sulfosalicylic acid6. 
The b-glucuronidase was bovine liver B grade and had 50,OOO 
units/vial or 360 Fishman units/mg.O. Sulfobromophthalein injec- 
tion was 50 mg./ml.'. The heparin solution had l0,OOO USP units/ 
mL8. The sodium pentobarbital@ was in a sterile solution of 50 
mg./ml. The trichloroethanol'nlo was redistilled at 153' before use. 
The trichloroethanol glucuronide was the sodium salt of 95% 
purity on assay (7) and was isolated from the urine of dogs given 
repeated parenteral doses of trichloroethanol. The isolation pro- 
cedure was described by &to and Schultze (8). The acidified glucu- 
ronide melts at 142" and its triacetyl methyl ester melts at 158" (8). 


Analytical Metbods-Sensitive and specific GC assays for tri- 
chloroethanol, its chlorohydrate precursor, and its metabolites, tri- 
chloroethanol glucuronide and trichloroacetic acid, were described 
previously (7). These methods were modified as described below. 


A gas chromatograph11 equipped with an electroncapture de- 
tector and a recorder1* was used. A pulse interval of 15 psec. gave 
linear calibration curves for all physiologically encountered con- 
centrations of trichloroacetic acid, trichloroethanol, and its glucu- 
ronide. 


The columns used for all studies were either 1.23- or 2.46-m. 
(4- or 8-ft.) stainless steel tubes, 0.63cm. (0.25-in.) diameter, con- 
taining 20% Carbowax 20M on 60-8O-mesh Chromosorb W. 


Conditions-The temperature conditions used for assay of tri- 
chloroethanol and trichloroacetic acid were: injection port, 160"; 
column, 135"; and electron-capture detector, 190". The carrier gas 
(helium) flow rate was 60 ml./min. (at 50 psig.), while the purge gas 
(90% argon-lox methane) was fixed at  140 ml./min. (at 30 psig.). 


Blood and Urine Assays-Trichloroethanol, chloral hydrate, and 
trichloroacetic acid were extracted from 1.00 ml. of whole blood or 
urine admixed with 1.00 ml. of distilled water and 1.00 ml. of a 10% 
solution of sulfosalicylic acid containing 0.72 mg. of chlorobutanol/ 
100 ml. The extraction was effected with 2.0 ml. ether after protein 
precipitation with the sulfosalicylic acid. Chlorobutanol was used as 
an internal standard. The two-phase mixture, in an injection vial of 
6- or 10-ml. capacity sealed with a rubber stopper and an aluminum 
crimped cap, was agitated for 1 min. on a mixerlJ and centrifugedi4 


1 Fisher Scientific Co., Fair Lawn, N. J. * J. T. Baker Chemical Co.. Phillimburn. N. J. 
J Mallinckrodt Chemical Work< kew Sbrk, N. Y. 
4 Hoffmann-La Roche Inc.. Nutley. N. J. 


Merck & Co., Rahway, N.  J. 
4 Calbiochem. Los Angeles, Calif. 
7 Hynson, Westcott and Dunning, Baltimore, Md. 
8 Organon Inc., West Orange, N. J. 
0 Nembutal Sodium, Abbott Laboratories, North Chicago, 111. 


10 Aldrich Chemical Co., Inc., Milwaukee, Wis. 
1 1  F & M model 700, Hewlett-Packard Co.. Waltham, Mass. 
11  Minneapolis-Honeywell Apparatus Controls Division, Minneapolis, 


1) Vortex Jr. Mixer..Scientific Industries, Inc.. Queens Village, N. Y. 
14 '/a HP International centrifuge (model SBR). International 


Minn. 


Equipment Co., Boston, Mass. 


Vol. 62, No. 4, April 1973 0 551 







lEther i"' 
I\ 
I' 
I '  
I \  


Chlorobutonol 
L 


TCA 


0 1 2 3 4 5 6 7  
MINUTES 


Figure 1-Typical chromatogram obtained after injection of a 5 - ~ l .  
aliquot of a 2-ml. ether extract of an acidified I-ml. blood sample 
which contained trichloroethanol (TCE), trichloroacetic acid (TCA), 
and trichlomthanol glucuronide (TCE-C). The solid curve, TCE 
(free), is a measure of the free trichloroethanol present in the sample, 
while the broken curoe, TCE (total), is u measure of the total tri- 
chlorwthanol obtained after glucuronidase hydrolysis of the tri- 
chloroethanol glucuronide present in the sample. The chlorobutanol was 
added to the blood sample as an internal standard and permitted 
calculation ofpeak height ratios. 


for 2-5 min. until the ether-water emulsion separated and two 
distinct phases reappeared. The peak height ratios of the peak as- 
signed to the substrate to the peak assigned to the chlorobutanol 
were used as assay parameters after the injection of a 5-pl. aliquot of 
theether solution (Fig. 1). 


Trichloroethanol glucuronide in 1.0 ml. of blood or of appro- 
priately diluted urine ( I  : 10, I : 100, or 1 : 1ooO) was hydrolyzed with 
360 Fishman units (1 mg.) of 8-glucuronidase (1.0 ml. of 0.1 A4 pH 
4.5 acetate buffer with 1.0 mg. of j3-glucuronidase) by incubating at 
37O, pH 4.5, for 48 hr., and the trichloroethanol formed was as- 
sayed as already described. The difference in the trichloroethanol- 
chlorobutanol peak height ratios obtained before and after enzy- 
matic hydrolysis was the trichloroethanol glucuronide-chlorobu- 
tan01 peak height ratio. 


The optimum time for complete hydrolysis of trichloroethanol 
glucuronide by 8-glucuronidase was determined by adding a small 
amount of the purified sodium salt of the glucuronide to urine. 
Onemilliliter aliquots of this urine were treated and incubated as 
already described for 30, 60, 94, 125, and 180 min. and for 5.0, 
8.7, 19.8, 24.5, 27, 31, 50, and 147 hr. Each sample removed at the 
specified time was immediately refrigerated. The refrigerated sam- 
ples were chromatographically analyzed for trichloroethanol on the 
day following the taking of the last sample. 


Calibration curves for the substrate were established by adding 
appropriately graded amounts to the pertinent biological fluid and 
assaying by the described methods. These methods differed from 
those previously described (7) in that chlorobutanol was included 
in the aqueous solution of sulfosalicylic acid added rather than in 
the ether used for extraction. Also, in the current assay, trichloro- 
acetic acid was directly extracted from acidified blood or urine and 
subsequently gas chromatographically analyzed in the ether sol- 
vent. The previous method cited (7) used an alkaline decarboxyla- 
tion which yielded assayable chloroform. 


The reliability of the assays for trichloroethanol was determined 
by conducting these analyses on blood (from four different dogs) 
to which 2.94 mcg./ml. of trichloroethanol had been added. Six 
samples of similarly spiked, freshly drawn heparinized blood were 
placed at 5" and analyzed at daily intervals against calibration 
curves prepared daily. 
Protein Binding-Equilibrium dialysis experiments were run with 


trichloroethanol and its glucuronide to determine protein binding to 
dog plasma. Two-milliliter samples of dog plasma were separated 
from whole dog blood by centrifugation and placed inside sealed 
dialysis sacs16. Dialyses were run at 5" for 48 hr. against 10.0-ml. 


~~ 


0.94-cm. (0.37-in.) flat width, Visking Co., Chicago, Ill. 
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solutions (5 ,  50. and 500 mcg. trichloroethanol/ml.) in pH 7.4 phos- 
phate buffer. A control dialysis was run at each trichloroethanol 
concentration with a sac containing only 2.0 ml. of buffer. Aliquots 
were removed from the solutions outside and inside the dialysis 
sacs, appropriate dilutions were made, samples were assayed, and 
the fractional binding was calculated. 


Trichloroethanol glucuronide binding to plasma protein was esti- 
mated by dialysis of pooled blood plasma containing the glucuro- 
nide against pH 7.4 buffer. 


Determination of Red Blood Cdl/Plaana Distribution of Drug- 
Since trichloroethanol has high solubility in nonaqueous solvents 
(9), it was possible that a distribution between red blood cells and 
plasma would occur when the drug was introduced into a volume 
of whole blood. Aliquots (0.1 ml.) of trichloroethanol solutions 
were mixed with 10.0 ml. of heparinized dog blood to give final 
concentrations of0.294 and 2.94 mcg./ml.. and 1.0 ml. of each blood 
sample was removed for assay. The remaining 9.0-ml. portions were 
centrifuged until complete separation of red blood cells occurred 
and a clear, colorless plasma layer remained. A 1.0-ml. plasma 
sample was then removed from each tube and assayed. The hemato- 
crit was determined with a hematocrit tube. 


Three further determinations were carried out on pooled blood 
samples obtained from the pharmacokinetic experiments on two 
other dogs which had been administered 50 mg./kg. of trichloro- 
ethanol intravenously. One dog had received 50 mg./kg. of sulfo- 
bromophthalein in combination. 


Similar studies on red blood cell/plasma distribution were con- 
ducted with trichloroethanol glucuronide. 


Phannamklnetics of Mchloroethanol-Female mongrel dogs, 10- 
20 kg., were fasted for 24 hr. with water ad libitum. At 8:30 a.m. 
on Day 0 (the day of the experiment), the animal was weighed and 
anesthetized with an intravenous or intramuscular injection of 
pentobarbital, 30 mg./kg. 


One of three pairs of veins was used for cannulation and blood 
sampling: the external jugular veins of the neck, the cephalic veins of 
the forelegs, or the lateral saphenous veins of the hind legs. The 
cannula was frequently flushed with physiological saline solution but 
was filled with whole blood before 5-ml. samples were taken. These 
samples were put in 10.0-ml. injectable vials containing0.1 ml. of 1 
mepesulfate solution to prevent blood clot formation. 


At least I hr. after the pentobarbital was administered, control 
urine and blood samples were taken. When the animals showed 
signs of movement and diminished depth of anesthesia, a volume of 
5.0% trichloroethanol solution equivalent to the desired dose was 
injected within 40 sec. The cannula was flushed with 10-20 ml. of 
physiological saline within an additional 20 sec. 


A typical sampling schedule after the time of the saline flush of 
the trichloroethanol dose was: 2, 4, 6, 8, 10, 15, 30, 45, 60, 75, 90, 
105, and 120 min. and then at 30-min. intervals to 720 min. Further 
samples were taken during the 24-120-hr. interval in several ex- 
periments. 


Urine samples were collected at least hourly oia an indwelling 
urethral catheter in 100-ml. graduated cylinders for 12 hr. on Day 0. 
When possible, feces were collected after 12 hr. Total urine and 
feces were collected at t = 24 hr. and at 24-hr. intervals thereafter 
until no further traces of trichloroethanol or its metabolites were 
found upon assay. 


A minimal period of 14 days was allowed between any two tri- 
chloroethanol pharmacokinetic experiments on the same animal. 
Samples were analyzed for concentrations of trichloroacetic acid, 
trichloroethanol. and its glucuronide. 


Each of four female dogs, A, B, C, and D, received various doses 
of trichloroethanol ranging from 10 to 150 mg./kg. All studies were 
grouped within 4 months to avoid possible age, weight, or seasonal 
effects on the animals. 


Phannacddnetics of Mchloroethand Ghronide-Two experi- 
ments were performed with intravenous administration of a solution 
of sodium trichloroethanol glucuronide (100 and 450 mg.) in an 
anesthetized dog. Blood and urine samples were taken at the inter- 
vals previously described for experiments with trichloroethanol 
and assayed for both trichloroethanol and its glucuronide. 


Pharmamkinetics of Trichloroacetic Add-Twenty milliliters of a 
5 %  trichloroacetic acid solution (1.0 g.) was brought to pH 7.0 with 
sodium hydroxide and intravenously administered to an antsthe- 
tized dog. Blood samples were removed at regular intervals for the 
first 12 hr. of the experiment, at t = 24 hr., and at 24-hr. intervals 
thereafter until I = 480 hr.; these samples were assayed for tri- 







chloroacetic acid. A second experiment was performed with a 100- 
mg. dose of trichloroacetic acid. 


Pharmacokinedcs of Chloral Hydrate--A dose of 500 mg. chloral 
hydrate (dissolved in physiological saline) was administered through 
an indwelling jugular vein catheter to a lightly anesthetized dog. 
Blood samples were taken at intervals and urine samples were taken 
hourly for a total of 2 hr. and assayed for trichloroethanol, its 
glucuronide, and for chloral hydrate and trichloroacetic acid. 


Studies on Biliary Excretion of Trichloroethanol and Its Glucuro- 
nide-Two dogs were anesthetized and laparotomized, and the 
common bile duct was exposed and cannulated. The renal circula- 
tion was not disturbed. The incision was closed with wound clips 
and covered with gauze pads wet with warm physiological saline 
solution. Trichloroethanol was injected 1 hr. after surgery was 
completed. 


To obtain maximal data from these experiments, two doses of 
trichloroethanol were administered in each experiment. In the first 
experiment, 150 mg. of trichloroethanol(11.6 mg./kg.) was given at 
I = 0 and 600 mg. (46 mg./kg.) at t = 245 min. In the second experi- 
ment, 500 mg. of trichloroethanol was given at t = 0 and lo00 mg. at 
I = 370min. 


Blood samples were collected from the jugular vein and urine 
samples were collected from a urethral cannula. Bile was collected 
hourly and assayed for trichloroethanol and its glucuronide in the 
same manner as urine. 


At the end of each experiment, the animal was sacrificed. Gall- 
bladder bile was removed for assay from the second animal but not 
from the first. 


Possible In F'ico Inhibition of Tricbloroethanol Glucurddation by 
Sulfobromophthalein-Dog E, a 10-kg. female, was anesthetized 
and 600 mg. of trichloroethanol was administered intravenously at 
t = 0. At. I = 250 min., a second dose of 600 mg. trichloroethanol 
was given along with 100 mg. of sulfobromophthalein (10 mg./kg.). 
In addition, a constant intravenous drip of approximately 0.6 mg. 
sulfobromophthalein/min. was also maintained until t = 490 min. 
The dose of sulfobromophthalein used was twice that recommended 
(10) for studies on hepatic function. 


In a second experiment with the same dog, 600 mg. of trichloro- 
ethanol was given at t = 0 and samples were taken for 300 min. 
At t = 320 min., a second 600-mg. dose of trichloroethanol was 
given, which was followed immediately by a dose of 500 mg. sulfo- 
bromophthalein. In addition, a constant intravenous infusion of 
3 mg. sulfobromophthalein/min. was maintained until t = 500 
min. 


In both experiments, blood and urine samples were taken at 
regular intervals and assayed for trichloroethanol and its glucu- 
ronide. 


Hepatic Storage of Trichloroethanol and/or Its Ghmr0nid-A 
major problem in the in uioo evaluation of hepatic storage of a drug 
and/or its metabolites by sampling blood flow across the liver is 
due to the dilution of hepatic venous return by vena cava blood 
from the lower extremities and kidneys. Whereas blood entering the 
liver may be easily sampled by catheterization of the hepatic portal 
vein, hepatic output occurs oia very short hepatic veins, which im- 
mediately merge with the inferior Veda cava at the level of the dia- 
phragm in the dog. The vena caval dilution must be circumvented 
to sample hepatic output via the hepatic veins. One approach that 
was tried was to shunt the vena caval flow into the hepatic portal 
vein by surgery so that the total blood flow from the lower trunk 
entered the liver through the hepatic portal vein and all blood 
exited the liver as hepatic venous output. This surgical approach was 
attempted on two dogs; one died during surgery and the other ex- 
pired shortly thereafter. 


An alternative solution to the problem was provided by the work 
of Harris and Riegelman (11). A collateral circulation between a 
slowly occluded inferior vena cava and the azygous vein was pro- 
moted. Slow occlusion was achieved by insertion of a small seg- 
ment of Tygon tubing in the vena cava 2 weeks prior to the hepatic 
storage or clearance experiments. An irritation set up by the tubing 
caused a slow clot and fibrin formation to occlude the vessel. The 
slow occlusion allowed establishment of the aforementioned col- 
lateral circulation. Rapid occlusion of vena caval flow causes death 
by cardiac arrest. Insertion of the Tygon tubing was performed with 
sterile surgical technique. The X-rays were taken after cannulation 
of the inferior vena cava cia the lateral saphenous vein of the hind 
leg and clearly showed the occlusion. The radiopaque medium was a 


10% solution of meglumine diatrizoatelo rapidly injected simul- 
taneously with X-irradiation. 


One week after X-ray, the animal was anesthetized with pento- 
barbital and laparotomized and the hepatic portal vein was cannu- 
lated uia a splenic vein. The remaining splenic veins were tied ofF as 
was the hepatic artery. Omission of the latter step allows a 2 5 x  
error to occur due to dilution of hepatic venous flow with hepatic 
arterial flow. The hepatic venous return was sampled with a can- 
nula inserted in the external jugular vein through the right atrium 
and into the inferior vena cava (which now only contains hepatic 
venous bleod). After injection of a %mg./kg. dose of trichloro- 
ethanol oia the hepatic portal vein, blood samples were simul- 
taneously ,removed from both cannulas at regular intervals and as- 
sayed for trichloroethanol and its glucuronide. 


CALCULATIONS, ANALYSIS, AND CURVE FITTING 


Calculation of Red Blood Cell/Plasma Distribution C d d e n t -  
The derivation of an exprkion for the calculation of a red blood 
cell/plasma distribution coefficient is as follows. The amount of 
drug, A,  in whole blood, AB, is: 


(Eq. 1) AB = AP" + A S  + ARBC 


where APY and Apb are the amounts of drug in plasma, unbound 
and bound to plasma proteins, respectively. The amount of drug in 
red blood cells is represented by ARBC. 


When the amount of drug in whole blood is converted to con- 
centration, Eq. 2 becomes: 


AelVBtrus = ApU/Vnlru. + AP~IVE~... + A R B C / ~ B ~ ~ .  (Eq. 2) 


where VB,. is the true volume of whole blood in the animal body. 
When Vpu,, and VRBC are the respective true volumes of plasma 


and red blood cells in the animal body: 


or : 


Since the hematocrit ( H )  may be defined as: 


H = V R B C / ~ ' B ~ . .  


therefore: 


1 - H = VptrudV~trus 


Substitution of Eqs. 5 and 6 into Eq. 4 yields: 


[As]  = [Ap"](l - H) + [Apbl(l - H) 4- [ARBcIH (Eq. 7) 


The red blood cell/plasma distribution coefficient is then defined 


D = [ARBCI/[AP"I (Eq. 8) 


as : 


Upon rearrangement of Eq. 7: 


D = ([ABI/[AP"I(I - H )  - [AP~I/[AP"I - 11 (1 - H)/H (Q. 9) 


If the fraction, J of drug bound to plasma proteins is known: 


[Apb1 = [Aplf (Eq. 10) 


(Eq. 11) 
and: 


[AP"] = [AP] (1 - fl 
where [Ap]  is the total plasma concentration of drug, and Eq. 9 
becomes: 


D = ([ABY[API (1 - . f ) ( l  - H) -f/(l -0 - 11 X 
(1 - H ) / H  (Eq. 12) 


18 Renografin. 
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Scheme I1 


and the concentration of unbound drug in the plasma can be ob- 
tained by a rearrangement of this equation and is: 


The fraction of drug bound to a plasma protein may not be in- 
variant. It may be a function of the unbound concentration of drug 
(12, 13), i.e.: 


f = 1 / ( 1  + [Apul/n[P1 + l/nK[PI) (Eq. 14) 


where K is the association constant for the binding of a molecule of 
drug to one of the equivalent n binding sites of the protein molecule 
in accordance with Scheme 11, where [PI is the concentration of 
protein. 


At low drug concentrations or when the association constant K is 
small, the second term in the denominator of Eq. 14 becomes negli- 
gible and: 


f- 1 / ( 1  + I I M P I )  = [Apbl/[Apl (Eq. 15) 


may be taken as constant for a given protein concentration and is 
independent of drug concentration. 


Distribution of Drug among Blood Components and Fractions of 
Drug in Blood in Each-The amount of drug in the blood that is in 
the red blood cells may be calculated on the basis of Eqs. 5,  8, and 
1 1 :  


ARBC = VRBC[ARBC] = HVBI,~.[ARBC] = HDVB~,,.[AP"] = 


HDVB,,.. ( 1  - fl [Apl (Eq. 16) 


The amount of drug in the blood that is bound to plasma protein 
and in the plasma may be calculated on the basis of Eqs. 6 and 10: 


AP' = VpiruJA~~] = (1 - H ) V B ~ , ~ J A P ~ I  = 


( 1  - H l f V ~ d A p l  0%. 17) 


The amount of drug in the blood that is unbound to plasma pro- 
tein and in the plasma may be calculated on the basis of Eqs. 6 and 
1 1 :  


AP" = Vp,,,.[Ap"] = ( 1  - H)v~truJA~"l  = 


(1 - H ) ( 1  - f l ~ ~ t r u a [ A ~ l  (Eq. 18) 


When Eqs. 1 and 16-18 are considered: 


AB = ~ B ~ . , , [ A P I I H D ( ~  -fl + (1 - H)I (Eq. 19) 


Division of Eqs. 16-18, respectively, by Eq. 19 gives the fraction 
of drug in the blood that is in the red blood cells as: 


'YRBC = ARBc/Ae = HD(1 -fl/ 
lHD(1 -n + ( I  - H)I (Eq. 20) 


and the fraction of drug in the blood that is bound to plasma protein 
and in the plasma as: 


(Eq. 21) 


and the fraction of drug in the blood that is unbound to  plasma 
protein and in the plasma as: 


yp"  = AP"/AB = ( I  - H )  ( 1  -./I/ 


7 p b  = A P ~ / A B  = ( 1  - H ) f / l H D ( l  - f )  + ( 1  - H)I 


lHD(1 -n + ( 1  - H)I (ha 22) 


Also, the total fraction of drug in the blood that is in the plasma 


(Eq. 23) 


Relations and Conversions among Variously Calculated Apparent 
Volumes of Distribution of the Central Compartment-Apparent 
volumes of distribution may be considered as the operational pa- 
rameters that relate the measured concentrations of drug in the ob- 


is : 


Y P  = YP" + 'YP~ = ( 1  - H)/IHD(l  -fl + ( 1  - H)I 


tainable fluids of the body to the amounts in the individual com- 
partments of the pharmacokinetic multicompartmental model that 
describe quantitatively the disposition of the drug in the body (12- 
16). 


However, the numerical estimates of these apparent volumes 
of distribution for these several compartments can vary widely for 
the same multicompartmental model, dependent on whether the 
time course of free or total drug concentration is used and on whe- 
ther blood or plasma is analyzed. Thus, the relations among these 
several estimates must be delineated to permit the calculation of one 
from the other. Only then will there be a common basis to compare 
the pharmacokinetic parameters of the same and different drugs 
within and among species. 


If identification of apparent volumes of distribution with true 
volumes of body fluids or tissues is to be attempted, the criteria for 
the choice of the method of calculation of apparent volumes of 
distribution from pharmacokinetic data must be consistent with 
the physiological and physicochemical realities of drug disposition 
in the body. 


The concentrations of a drug, A ,  are measured in aliquots of 
the fluid of the central compartment and are generally obtained as 
Concentrations in blood, [AB] ,  or in plasma, [ A P ] .  The apparent 
volumes of distribution referenced to blood, VB, or to plasma, Vp, 
can be estimated from the extrapolation to zero time of the plot of 
drug Concentration in blood or plasma against time on the premise 
of instantaneous mixing of the intravenously administered drug 
in the fluids of the central compartment (12,13).  


Thus, the apparent volume of distribution of the central compart- 
ment referenced to the total drug concentration in the blood is: 


VB =' Ao/[A~lo  (h. 24) 


and the apparent volume of distribution of the central Compartment 
referenced to the total drug concentration in the plasma is: 


YP = IAo - (ARBc)o}/[AP]o (a. 25) 


where A .  and ( A R B C ) ~  are the intravenously administered dose and 
amount in the red blood cells, respectively; [AB]o and [AP]o are the 
total drug concentrations in blood and plasma, respectively, at 
zero time. 


SisnIflcance of Variously Calculated Apparent Volumes of Dis- 
tribution of the Central Compartment-These are fictitious volumes, 
since they may include the volumes of associated fluids where the 
drug concentration is in instantaneous equilibration with that of 
blood or plasma, i.e.: 


VB = VB,,,. + VB, 


where VB*~.  is the true blood volume, and VB, is the apparent 
volume of this instantaneously equilibrated fluid or tissue on the 
presumption that its drug concentration is exactly the same as that 
of the blood. This apparent volume, V B ~ ,  may be termed the as- 
sociated (with the central compartment) apparent volume of dis- 
tribution rejerenced to the total drug concentration in the blood. 
Similarly : 


VP = VP*", + VP, m. 27) 


where VP,,,, is the true plasma volume, and Yp, is the volume of 
this instantaneously equilibrated fluid or tissue on the presumption 
that its drug concentration is exacrfy the same as that of the plasma. 
This apparent volume, Vp,, may be termed the associated (with 
the central compartment) apparent volume of distribution refer- 
enced to the total drug concentration in the plasma. 


If none of the drug is sequestered by, or partitioned into, the red 
blood cells, all of the drug is assayed in the plasma and a simple 
relation exists between the respective apparent volumes of distribu- 
tion. When Eqs. 6 , 2 4 ,  and 25 are considered: 


VP = VP.  = Ao/[A~lo  = Ao/ (") = Ao/ vB,rt,a(l Ao - - - 
VP,,". 


A o / P H  = ( I  - H)VB (Eq. 28) 


and it follows from Eqs. 26-28 that: 
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and the associated apparent volume of distribution referenced to 
the total drug concentration in plasma is less than the associated 
apparent volume of distribution referenced to the total drug con- 
centration in blood. 


These relations of Eqs. 26-29 are based on the presumption that 
the concentration in Vp. is the same as that in plasma, Vp,,,. The 
apparent volume VP. cannot be true plasma; it must be a fluid or 
tissue readily accessible to drug which is freely diffusible from the 
plasma water and would be unbound to plasma proteins. If the 
drug is completely protein bound and not partitioned into the red 
blood cells, the associated apparent volumes of distribution refer- 
enced to total drug concentration in blood and plasma, V B ~  and Vp,, 
are zero and the apparent volumes of distribution, referenced to 
blood and plasma, V B  and VP, are the same as the true volumes of 
blood and plasma, VB,,.. and VP~,.,, respectively. 


Equations for Calculation of Apparent Volumes of Distribution 
of the Central Compartment Referenced to Unbound Drug in Plasma 
from Apparent Volumes of Distribution Referenced to Total Drug 
Concentration in Blood and Plasma-The apparent volumes of 
distribution that have the highest probability of physiological 
significance are those calculated on the premise that only unbound 
drug in the true plasma volume ( ix . ,  diffusible drug in the plasma 
water) equilibrates with the other volumes of distribution of the 
various compartments of the multicompartmental model. The 
apparent volume of distribution in the central compartment refer- 
enced to  unbound drug in the plasma water can be formulated as the 
amount of drug administrated intravenously less the amounts of 
drug partitioned into red blood cells and bound to plasma proteins 
at zero time divided by the zero time concentration of unbound drug 
in the plasma: 


(Eq. 30) 


In terms of the respective true volumes of red blood cells and 


VP" = [Ao - (ARB& - (Apb)a}/[A~"la 


plasma: 


Substitution of values for VRBC, VP,.,,, [ARB&, [ A P ~ ] o ,  and 
[ A ~ U ] ~  obtained from Eqs.  5, 6, 8, 10, and 11, respectively, into Eq. 
31, with subsequent rearrangement, gives: 


VP" = Ao/[Ap]o (1 - .f) - H D V B W ~ .  - 
( 1  - ~ ) v ~ ~ . f / ( l  -n m. 32) 


in terms of the measured total concentration of the drug in plasma 
at zero time. 


The substitution of Eq. 13 into Eq. 32 permits the apparent 
volume of distribution of the central compartment referenced to 
unbound drug concentration in the plasma to be expressed in 
terms of the measured total concentration of the drug in blood at 
zero time: 


( 1  - H)VBl.".f/(l - n (E4. 33) 


On consideration of Eqs. 6 and 24, this apparent volume of dis- 
tribution can be expressed in terms of the apparent volume of dis- 
tribution referenced to the total concentration of drug in blood: 


VPl,"..f/(I - n= VPl,". + VPZ" (Eq. 34) 


On consideration of Eqs. 6 and 26, the associated apparent volume 
of distribution referenced to the unbound drug concentration in 
plasma can be defined in terms of the associated apparent volume of 
distribution referenced to the total drug concentration in blood: 


(Eq. 35) 


When the apparent volume of distribution of the central com- 


partment is referenced to total concentration of drug in the plasma, 
it is expressed as the quotient of the amount of drug in plasma less 
the amount in the red blood cells and the total plasma concentra- 
tion at zero time. 
Thus, when Eqs. 25 and 31 are considered, a process similar to 


the development of Eq. 34 permits the expression of VP" in terms of 
the apparent volume of distribution referenced to the total concen- 
tration of drug in plasma: 


VP" = (VP - VPtmefll(1 - f) = VPirue + VP=" (Eq. 36) 


On consideration of Eq. 27: 


vpss = vp./(i - n (Eq. 37) 


It follows from Eqs. 35 and 37 that: 


VP, = VBdDH(1 -f) + 1 - HI 0%. 38) 


Pseudoapparent Volumes of Distribution of the Central Compart- 
ment and Calculation of Variously Referenced Apparent Volumes- 
Pseudoapparent volumes of distribution of the central compartment 
referenced to the total drug concentration in the plasma or to the 
unbound drug concentration in the plasma have been calculated as: 


VP. = AoI[AP]o (Eq. 39) 


and : 


VP," = Ao/[Apl0(1 - n = Vp./(l - n (Eq. 40) 


without considering the fact that the numerator of the quotient in 
Eq. 25 should be lessened by the amount of drug in the red blood 
cells, (ARBC)O. 


Thus, consideration of Eqs. 11,39, and 40 for the pertinent values 
in Eq. 32 permits the apparent volume of distribution of the central 
compartment referenced to unbound drug concentration in the 
plasma to be expressed in terms of these unrealistically calculated 
pseudoapparent volumes of distribution referenced to total drug 
concentration (or unbound drug concentration) in plasma: 


Vp" = Vp,/(l - f) - HVpt,uaD/(1 - H) - VPiruef/(l - fl = 
vp,.. + vp,u ( ~ q .  41) 


Other pertinent conversions can be obtained. On consideration of 


(Eq. 42) 


Eq. 27: 


VP," = Vp../(l -n - HDVpt,.J(1 - H) 


It also follows, on consideration of Eqs. 37 and 42, that: 


VP. = VP., - HDVPtrJl n / ( l  - H) (Eq. 43) 


and: 


vp = vp. - H D V ~ ~ , , . ( ~  -n/u - H) (~4.4) 
It can be shown from Eqs. 35 and 42 that: 


so that, on cognizance of Eqs. 6,23,26, and 27: 


VB = Vpl/[DH(1 -f) + 1 - HI = Y P V P ~ / ( ~  - H) (Eq. 46) 


Relations among Variously Referenced Apparent Volumes of 
Distribution in the Absence of Protein Binding and/or Red Blood Cell 
Partition-If there is no partitioning into red blood cells, D = 0, 
Vp. = Vp. y p  = 1, YRBC = 0,  ypb = f, y p y  = 1 - f, and Eqs. 28, 
29.36, and 37 hold. 


If there is no protein binding, f = 0, Vp" = VP,  Vp," = Vp,, 
Vp,u = Vp,,  y p  = y p y ,  y p b  = 0 and, from Eq. 34: 


Vp = VB(DH + 1 - H) - HVeu..D = 


VB(DH + 1 - H) - HVpt,uJMl - H )  (m. 47) 


and from Eqs. 35 and 38: 


Vp. = VB,(DH + 1 - H )  (Eq. 48) 
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and from Eqs. 41 and 44: 


VP = VP. - HDVptrwl(1 -HI 


and from Eqs. 42 and 43: 


VP, = VP., - HDv~trd(J(1 - H) 


and from Eq. 45: 


VP., - H D V B ~ . ~ ~  
" ' =  D H + 1 - H  


(Eq. 49) 


and from Eq. 46: 


VB = Vp,/(DH + 1 - H) = ypVp,/(l - H) (Eq. 52) 


If there is no partitioning of drug into the red blood celis and 
no binding to plasma proteins, D = 0, f = 0, Vp' = VP = VP,, 
Vp,u = Vp,  = Vp.,, y p  = y p u  = 1, and Eqs. 28 and 29 hold. 


Conversions among Microscopic Pharmacokinetic Rate Constants 
Based on Various Expressions of Drug Conrentrations,in Blood 
Components-The differential equation for the loss of drug from 
the central compartment of the linear threecompartment body 
model, Scheme 111, may be expressed in terms of the amount of drug 


k v . 6  kr.6 
k6.w 


AM 
Scheme 111 


in the blood and associated fluids, AB, and in terms of the amounts 
of drug in the tissue compartments, AT and AT': 


-dAe/df = (kB.r ke.T' + kB.M)Ae - k T d T  - 
kT'.BAT' (h. 53) 


It may be expressed in terms of the amounts of drug in the tissues, 
AT and AT', and unbound drug, A p ,  in the plasma and associated 
fluids, equilibrated with drug bound to protein and equilibrated with 
drug partitioned into red blood cells: 


When the value for Ap'in Eq. 22 is substituted into Eq. 54: 


Comparison of Eqs. 53 and 55 clearly shows that ke,T = Y P " k P . . T ,  


ke.T' = ypYkP. .T ' ,  ke.m = yp'kp..m, k T . p u  = kT.n .  and k T ' . P .  
= k T ' . B .  


Estimations of Apparent Volumes of Distribution of Observed 
Tissw Compartments Referenced to Unbound Drug Concentrati~n 
In Plasma from Variously Calculated Apparent Volumes of Distribu- 
tion and Microsropic Pharmacokinetic Rate Constants-The ap- 
parent volume of distribution of a tissue compartment in a phar- 
macokinetic model such as Scheme 111 should be referenced to the 
unbound drug concentration in the plasma of the central compart- 
ment on the realistic premise that potential equilibration of drug 
between the central compartment and this tissue is only effected by 
unbound drug in the plasma water. 


On the assumption of the possibility of an eventual equilibration 
or partition between unbound drug concentration in plasma water 
and drug concentration in a tissue (e.g., as an ultimate consequence 
of the steady state resulting from a continuous zero-order infusion): 


[ A ~ l e a K  = [ A P " ] ~  = Ap'/Vpu = A T / K V T P ~  (Eq. 56) 


where Vp" and V T ~ U  are the apparent volumes of distribution refer- 
enced to the unbound drug concentration in plasma on the pre- 
sumption that the partition coefficient. K, for the equilibration is 
unity (12, 13). If the tissue is truly homogeneous and an actual or 
operational K exists that is not equal to unity, VT becomes the 


apparent volume of distribution of the tissue referenced to total drug 
concentration in that tissue. 


The kinetic conditions for this potential steady-state equilibration 
are: 


dAT/dl = dAp"/dt = 0; kp..TAp" = kT.prAT (Eq. 57) 


so that, from Eqs. 56 and 57 on the usually taken premise that K = 
1, the apparent volume of distribution of the tissue compartment 
referenced to the unbound drug concentration in the plasma may 
be defined in terms of the apparent volume of distribution of the 
central compartment referenced to the unbound drug concentration 
in plasma and the microscopic pharmacokinetic constants for rate 
dependence on the amount of unbound drug in the plasma and its 
associated fluids (12,13): 


I'TP" = ( ~ P . . T / ~ T . P J ~ P "  (Eq. 58) 


This relation is valid even when a steady state does not exist 
betweh the tissue and plasma compartments. 
Thus, as a consequence of the identity between Eqs. 53 and 55, 


the apparent volume of distribution of the tissue, T, can be related 
to the microscopic rate constants determined on the postulation of 
rate dependence on the total amount of drug in the blood as: 


VTP" ( k B . T / Y P u k T . B ) v P u  (Eq. 59) 


Similarly: 


~ T ' P ' '  = ( ~ B , T ' / ~ P ~ ~ T ' , B ) V P ~  (Es. 60) 
where y p y  is defined in Eq. 22. 


The apparent volumes of distribution of the tissues, T and T', 
referenced to the unbound drug concentration in plasma can be 
calculated from the variously calculated apparent volumes of dis- 
tribution such as VB, VP. and VP.  by appropriate substitutions of 
the values of V p u  obtained from Eqs. 34, 36, and 41, respectively, 
into Eqs. 59 and 60. 


It can be shown similarly that the apparent volumes of distribu- 
tion of the tissues, T and T', can be. related to the microscopic rate 
constants determined on the postulation of rate dependence on the 
total amount of drug in the plasma: 


VTP" = ( ~ p " k p , T / Y p k T , p ) v p '  (Eq. 61) 


and: 


VT'P" = (yp"kp.T'/ypkT'.p) VP" (Eq. 62) 


where y p y  and y p  are defined in Eqs. 22 and 23; and since y p y / y p  
= 1 - (1 - f )kp. .T' .  kp.m = 
(1 - f ) k ~ . . ~ ,  k T . P  = kT.p,,  and kT'.P = kT'.P.. 


phpnnacokinetic Modeling-At the conclusion of all pharmaco- 
kinetic experiments, blood and urine samples were assayed for tri- 
chloroacetic acid, trichloroethanol, and its glucuronide. A defined 
procedure was followed to prepare a model that would be con- 
sistent with the observed data and to derive the parameters that 
quantifiably described the system. 


The study of the pharmacokinetics of 30 mg./kg. of trichloro- 
ethanol in Dog D (20 kg.) will be used to illustrate the analysis and 
fitting procedures. 


Graphi&al Analysis of Mchloroethanol Data-A semilogarithmic 
plot of trichloroethanol concentration in whole blood, given as the 
trichloroethanol-chlorobutanol peak height ratio per milliliter, is 
shown in Fig. 2. A peak height ratio per milliliter of 1.0 is equivalent 
to 8.4 mcg. trichloroethanol/ml. 


' h e  concentration of trichloroethanol in blood, [TCEE], as a 
function of time can be described by a sum of exponentials (17): 


then k P . T  = (1 - ~ P . . T ,  kp.7' 


n 


i- 1 
[TCEBI = [AB] = [ A B ] , ~ - ~ I '  = [A~] ,e - ' l~  4- 


[Ae],e-'I' + [ & ] , C k S f  (k. 63) 


The. methods by which the logarithrtlic plot of such data against 
time may be analyzed to yield its component [ A B ~  (intercept) and k ,  
(slope) values were described in detail by Riggs (12). 


The sum of the [AB], values, ~ [ A B ] , ,  is the time zero concentra- 
tion, [ABL, in the central compartment on intravenous administra- 
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Faure 2-Feathering of the semilogarithmic plot against time of the 
peak height ratios (A) of trichloroethanol to the internal standard 
chlombutanol derioed from the GC assay of 5 p l .  af a 2-ml. ether 
extract of 1 ml. of acidified dog blood after the intravenous administra- 
tion of 30 mg./kg. of trichloroethanol to the 20-kg. Dog D .  A peak 
height ratio of 1.00 is equivalent to 8.4 mg. of trichloroethanol/ml. of 
whole blood. The three distinct phases obtained by feathering (the 
solid triangles, circles, and terminal open triangles) are labeled respec- 
tively with their apparent half-lioes. 


tion and may be obtained from the calibration curve of peak height 
ratios oersus concentrations (7). The trichloroethanol concentration 
in whole blood can be converted to the concentration of unbound 
trichloroethanol in plasma (in milligrams per milliliter) by Eq. 13. 
The apparent volume of distribution, VB, referenced to the total 
concentration of trichloroethanol in the blood can be estimated from 
the dose (in milligrams) by Eq. 24. 


The Z[AB]( or [AB] ,  in terms of peak height ratio was estimated 
from the data of Fig. 2 extrapolated to zero time; it was 17.1 and 
corresponded to an initial whole blood concentration of0.142 mg. of 
trichloroethanol/ml. or 0.0237 as percent of dose per milliliter of 
blood. The separate loading factors for the three exponentids that 
described the data of Fig. 2 were 13.0, 3.5, and 0.6 for [RBI l ,  [AB],. 
and [&I,, respectively. Insertion of the [ A B ~  value into Eq. I3 and 
use of a red blood cell/plasma distribution coefficient D value of 2.1 
with a hematocrit, H, of 0.45 (18) and a fraction, f = 0.35, of drug 
bound to plasma proteins (see Results) gave an initial concentration 
of unbound trichloroethanol in plasma, [Ap'], of 0.080 mg./ml. 


The fractional amounts of drug in the blood that are in the red 
blood cells, in the plasma, unbound to protein and in the plasma, 
and bound to protein and in the plasma are: YRBC = 0.527 (Eq. 201, 
y p  = 0.475 (Eq. 23), y p y  = 0.310 (Eq. 22), and y P b  = 0.165 (Eq. 
21), respectively. When each of these fractions is multiplied by 
the initial milligrams of trichloroethanol per milliliter of blood, 
0.142 mg./ml., the amount of drug in each blood component that is 
initially in 1 ml. of blood is: (ARBc),/VB = 0.075 mg. for red blood 
cells, (AP),/vBauo = 0.067, (AP~),/VB,. . .  = 0.044, and ( A P ~ ) ~ I V B ~ ~ ~ .  = 
0.023. Thus, the respective concentrations are: [ARBC], = (ARBc),/ 
HVB,,,. = 167 mg./ml., [&IO = (Ap)/(l - H ) V B ~ . .  = 122 mg./ml., 
[ A P ~ ]  = (ApU),/(I - H ) V B ~ , ~ .  = 0.080 mg./ml., and [Apbk/(l - H)- 
V B , ~ .  = 0.043 mg./ml. 


On the premise that VB,,"~ = 2.0 1. and Vp,,, = 1.10 1. for 
Dog C (20 kg.), where 100 and 55 ml./kg. are given in the 
literature (18) for dog blood volumes and plasma volumes, respec- 
tively, the various apparent volumes of the central compartment can 
be calculated. The pseudoapparent volume of distribution refer- 
enced to total drug concentration in plasma is Vp. = 4.88 1. (Eqs. 
39 and 46), the apparent volume of distribution referenced to total 
drug concentration in plasma is Vp = 3.77 1. (Eq. 44), the apparent 
volume of distribution referenced to the concentration of drug not 
bound to protein in the plasma is VP" = 5.10 I .  (Eqs. 34 and 36), 
and the apparent volume of distribution referenced to drug con- 
centration in blood is VB = 4.22 1. (Eqs. 24 and 46). 


The semilogarithmic plot of trichloroethanol concentration in 
blood cersus time was resolved by the appropriate "feathering" 
techniques into three distinct exponential segments. The first ex- 
ponential. which describes a rapid decline of trichloroethanol con- 
centration in blood to 3Ox of the calculated initial value within 15 
min. after drug administration, may be largely assigned to the dif- 
fusion of trichloroethanol from the initial volume of distribution 
ascribed to the central compartment into a larger volume of a 
readily available equilibrating body fluid. The low molecular weight 
of trichloroethanol and its extensive solubility in nonaqueous sol- 
vents (9) suggest that such rapid and extensive distribution might be 
expected. 


The sum of the antilogarithms of the extrapolated zero-time 
intercepts (Fig. 2) assignable to the second and third exponentials 
of the polyexponential fit of the data (Q. 63) was [ABIx and [As],  = 
4.1 in terms of peak height ratio per milliliter. This serves as a pre- 
liminary estimate of the assay value of trichloroethanol in blood 
that would have been observed after the ready equilibration with 
tissues if no significant drug elimination had occurred in the initial 
time interval. Insertion of the corresponding whole blood concen- 
tration (0.0346 mg./ml.) into Eq. 13 yields a concentration of free 
trichloroethanol in the plasma that is not bound to proteins of 
0.0193 mg./ml. The estimated sum of the apparent volumes of 
distribution of the central compartment and that of the readily 
perfused tissues referenced to the total concentration of drug in 
the blood can be estimated from: 


VDB = VB f VTB = dose/([A~l, + [ABIi) = 


Ao/(Z[Asl. - [AB],) (Eq. 64) 


and was 17.3 1. for a 600-mg. dose where the divisor of the last two 
terms is the concentration of trichloroethanol in the equilibrated 
fluids after the ready equilibration on the assumption of insignificant 
drug excretion or metabolism during the time interval of the equili- 
bration. Subtraction of the initial apparent volume of distribution 
of the central compartment referenced to total concentration in the 
blood, VB = 4.2 I., from this value provides an estimated volume 
of 13.1 1. for the tissue fluids, V T ~ ,  referenced similarly. 


It can be argued also (Eq. 30) that if the curves of unbound drug 
concentration [ A p ]  in the plasma against time are analyzed simi- 
larly: 


vDp' = vp" f v T p u  = 


dose - (amounts in red blood cells and bound to plasma protein) 
[APUI* + [AP"]' 


(Eq. 65) 


The estimated sum of the apparent volumes of distribution of 
the central compartment and of the readily perfused tissues refer- 
enced to unbound drug concentration in the plasma, YO,., can be 
calculated from the sum of the apparent volumes of distribution, 
V D ~ ,  referenced to total drug concentration in the blood by an 
equation derived on the same premises as, and similar to, Eq. 34: 


(1 - H)vBl,,,ef/(l -n = 28.7 1. (Eq. 66) 


Subtraction of the initial apparent volume of distribution of the 
central compartment referenced to unbound drug concentration 
in the plasma, Vp' = 5.1 I., provides an estimated volume, V T ~ ,  
of 23.6 1. for the tissue fluids referenced similarly. 


More refined estimates of the volumes of distribution were ob- 
tained when the data were analyzed with the analog and digital 
computers. since the value of [ A B ] ,  = Z[&]i may be best obtained 
by computer extrapolation to zero time. 


The loss of trichloroethanol from blood during the time period 
of the second exponential was postulated to be predominantly due 
to metabolic conversion of trichloroethanol to its glucuronide by 
hepatic microsomal uridine 5'-diphosphate-glucuronyltransferase. 
This was verified by the fact that the maximal rates of appearance 
of the glucuronide in blood and urine occurred in this interval. 
The rate constant of the second exponential of Eq. 63, kr, is not equal 
to kB.M, the metabolic rate constant in Scheme 111. On the assump- 
tion of a predominantly two-compartment body model with rapid 
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equilibration (13), where ks  is small or almost zero, kl is coincident 
with k ,  (19, 20), the overall disposition rate constant for trichloro- 
ethanol where this latter constant can be expressed either in terms 
of the microscopic rate constants referenced to the total amount of 
drug in the central compartment of blood and associated fluids or, 
on consideration of Eq. 22 and the coincidence of Eqs. 53 and 55,  in 
terms of the microscopic rate constants referenced to the amount 
of unbound drug in the central compartment of plasma and associ- 
ated fluids: 


constants for diffusion-into and out of the rapidly equilibrating fluid 
compartment responsible for the first exponential of Eq. 63 that 
characterizes the initial loss of drug from the central compartment 
referenced to amounts of drug in blood and associated fluids or 
plasma and associated fluids, respectively. 


This latter equation can also be derived from consideration of 
a general equation when the rate of loss of drug from a complex of 
rapidly equilibrating compartments is defined as being proportional 
to the amount of drug in only one of those compartments, e.g.: 


- ~ ( A B  + AT)/& = d((AnBc f Apb f ApU + AT)/dt = 


kp..MAp" (a. 68) 


When the amount of drug in any one of the components or com- 
partments of this rapidly equilibrating complex can be defined as 
being in equilibrium with the amount of drug in the rate-determining 
compartment, i.e., Ai = K,Apu, where K ,  is the respective equi- 
librium constant for the ith compartment, Eq. 68 can be expressed 
as : 


- d(KnBc/p.Ap" 4- Kpbip,Ap" -t AP" f KT/PUAP")/dl = 


- dAp"/dt(l + KR B C / P u  f 6 b , P u  f KT/Pu) = 


kp..MAp'' (Eq. 69) 


On consideration of Eqs. 20 and 22: 


K R B C ~ P .  = YRBC/YP" = HDl(1 - H) (Eq. 70) 


On consideration of Eqs. 21 and 22: 


K P ~ P ~  = Ypb/Ypu = f / ( l  - fl (Eq. 71) 


On consideration of Eq. 57: 


KTIP.  = kPu,T/kT,Pu tm. 72) 


Substitution of Eqs. 70-72 into Eq. 69 with subsequent rearrange- 
ment reaffirms that Eq. 67 properly represents the overall disposition 
rate constant for the overall loss of drug from the complex of rapidly 
equilibrating compartments in terms of microscopic rates and equi- 
librium constants. 


If a third compartment can be discriminated for trichloroethanol 
distribution in the body and the rate of return from this compart- 
ment is extremely slow, the observed k. may be estimated (19) as: 


where kB.T' and kpu.Ti are the rate constants for transfer of drug 
into this "deep" compartment from the central compartment refer- 
enced to the total drug and drug not bound to plasma, respectively. 


When such a deep compartment, T',  exists and when the return 
of drug to the central compartment becomes significant, Eq. 73 is 
inadequate for describing the rate-determining rate constant for the 
disposition of the drug in the body, and the disposition rate begins to 
mirror the effects of drug return from the deep compartment (19). 
The presence of the third exponential demonstrated this deep com- 
partment return, and its k 3  value gave a preliminary estimate of 
kT',B = kT',p., the rate constant for transfer of drug from the deep 
Compartment into the central compartment. 


To describe mathematically the distribution and metabolism of 
trichloroethanol, it was necessary to obtain the values of the micro- 
scopic rate constants that describe the system of Eq. 63 and the 
apparent volumes of distribution of the equilibrating compartments. 


Initial estimates of kB,T, kT.B, and ke.T' f ke,M were obtained 
from the parameters of the first two exponentials that characterize 
the time course of trichlorwthanol in the blood as demonstrated in 
Fig. 2 ( [ A B ] ~ ,  [AB],, k,, and kl) by their insertion into the equations of 
Skinner et al. (21) as simplified by Riggs (12). The rate constant 
estimates, in units of reciprocal minutes (min.-I), were: kB,T = 


kp..T a 0.413 and kpu,M + kpr,T' = 0.187. The k ,  estimated from 
these values by use of Eq. 67 was 0.0185 min.-l, which was in good 
agreement with the value of 0.015 min.-1 obtained from 2.303 times 
the slope. of the log AB plot against time during the period char- 
acterized by the second exponential in Fig. 2. 


The rate constant for trichlorwthanol return from the deep tissue 
was obtained from 2.303 times the slope for the period characterized 
by the third exponential in Fig. 2 and was kT',B - k ,  = 0.004 min.-'. 
The fitting of the data with the analog and/or digital computer was 
then attempted with utilization of these preliminary estimates of 
the microscopic pharrnacokinetic constants. 


Analysis of Trichloroethanol Data by Analog Computation17-The 
bases and details of analog computer programming have been 
described in several excellent texts and brochures (22-24). Applica- 
tions to fitting the data to complex pharmacokinetic models have 
also been given (17,2529). 


The peak height ratio at any time, PHRt, of trichlorwthanol to 
chlorobutanol per milliliter of whole blood was plotted against time. 
The ordinate was scaled from 0 to loo%, where 100% of the dose in 
the blood was taken as the peak height ratio extrapolated to zero 
time, i.e., [As& = Z[A& and equated to 10 v., so that the amount of 
trichloroethanol in the blood at any time could be expressed as the 
percent of the initial dose that appeared in the blood: 


0.128, kT.8 - kT,p. = 0.060, and kB,v  + kB.T' = 0.058 SO that 


on the assumption of instantaneous homogeneity in the central 
compartment of the intravenously administered drug. The amount 
of drug lost in the interval t = 0-30 min. (the time Friod of the 
first exponential) was fitted by adjusting the ratio kB,T/kT.B while 
the rate of its initial disappearance was controlled by the magnitude 
of these constants (26). A preliminary fit of the remaining data was 
attempted by holding kT',B at 0.004 min.-l and adjusting the magni- 
tudes of kB,T' and kB.v while their sum remained at 0.058 min.-'. 
Minor adjustments in the rate constant values, to account for the 
interaction of the two curve segments, were then made to achieve a 
"best'' fit of the data. 


The time axis potentiometer was set to generate a time function 
to drive the X-Y recorder such that 2.54 cm. (1 in.) = 1 v. = 40 sec. 
of machine time. The data were plotted on a 38.lcm. (15-in,) ab- 
scissa with a scale of 2.54 cm. (1 in.) = 40 min. real time. This 
choice of time scales permitted the values of rate constants to be 
read directly from the adjusted rate constant potentiometers. A dif- 
ferent choice of settings would have necessitated conversions of 
potentiometer readings to their corresponding rate constant values. 


The analog computer fit of the trichloroethanol blood data for 
Dog D, dosed at 30 mg./kg. and a total dose of 600 mg., is given in 
Fig. 3. 


Analysis of Trichloroethand Glucuronide Data by Analog Com- 
putation-The total amount of free trichloroethanol excreted in 
the urine was less than 1 % of the administered dose. No assayable 
trichloroacetic acid was found in blood or urine for the intravenous 
administration of a 30-mg./kg. dose in Dog D. These facts substan- 
tiate the basic pharmacokinetic model for trichloroethanol as given 
in Scheme I11 and demonstrate that its only significant pathway for 
removal from the body in the dog is oia the route of metabolism to 
its glucuronide. The analog computer model of Scheme I11 gen- 
erated amounts of glucuronide with time in terms of a percent of 
the total dose of trichlorwthanol intravenously administered. 


17 The analog computer used was a model TR-10, Electronic Associ- 
ates, Long Branch, N. J.  A recording X-Y plotter, Moseley model 202, 
manufactured by Hewlett-Packard/Mose.ley Division, Pasadena, Calif., 
was used. 


558 Journal of Pharmaceutical Scierrces 







Minutes 


0 4 0  80 120 160 2W 240 280 320 360 400 440 480 520 560 600 
MINUTES 


Figure 3-Analog computer f it of blood and urine data for a dose of 30 mg. trichloroethanol (TCE) per kilogram in the 20-kg. Dog D. The fdl- 
scale portion shows the computer f i t  of the data for trichloroethanol as the percent of the maximum coticentration that appears in the blood at 
zero time (O), and the solid line is the predicted trichloroethanol glucuronide in the blood with time. The inset curves are expanded scale plots of 
the data for trichloroethanol(0) and its glucuronide (A) with time. The dark circles (0) are the urinary excretion rates of trichloroethanol glucuron- 
ide (percent dose per minute). which are plotted on a 10-fold smaller scale (0-1 %/mitt.) than that represented on the inset ordinate. The trichlom 
ethanol data were fitted by the program of Scheme V to the specified model by the pertinent microscopic rate constants in Tables 1 and V ,  and 
the computer-generated trichloroethanol glucuronide lecvls were fitted to the glucuronide data (A), which had been multiplied by a factor that 
represented the ratio of the apparent volumes of distribution of the glucuronide to the trichloroethanol in the central compartment. 


The assayed peak height ratios of trichloroethanol glucuronide to 
chlorobutanol per milliliter of whole blood were estimated as a 
percent of the total dose of trichloroethanol administered per vol- 
ume of whole blood by means of an estimate of the volume of whole 
blood in the dog on the basis of the preliminary assumption that 
the glucuronide was only distributed in the central compartment, 
which was blood. The equation used for this preliminary estimate 


estimated of total dose of trichloroethanol as glucuronide 
in whole blood = (peak height ratio of glucuronide/chloro- 
butanol per ml. whole blood) X 
(8.4 X lo-' me./@ height ratio) (20 kg.) (94 ml./kg.) X 100 


600 mg. 


Was : 


(Eq. 75) 


where 8.4 X 1 0 - 3  mg./peak height ratio is the conversion factor to 
transform peak height ratios to milligrams of trichloroethanol. 
The W-ml./kg. factor has been reported (18) as the whole blood 
volume of the dog. and 600 mg. is the dose of trichloroethanol 
administered to Dog D (20 kg.). 


The maximum estimated glucuronide in the blood was only 
4.2% of the dose. Thus the scale used in the plots of the trichloro- 
ethanol was IO-foId, and the estimated percent values as the glucu- 
ronide were plotted on the same paper in the expanded range of 
&lo% (Fig. 3). This was a reasonable procedure, since the recorder 
used had a switch that permitted an instantaneous 10-fold ampliti- 
cation of the glucuronide amount in blood generated by the analog 
computer from an appropriate fitting of the trichloroethanol data. 
It must be realized that this percent of the dose of trichloroethanol 


as glucuronide in blood (Eq. 75) was only an estimate of the red 
situation since the true equilibrated distribution volume, VD,. of the 
glucuronide referenced to the total concentration of glucuronide in 
the blood was not known and only was estimated as being equivalent 
to the volume of whole blood in the dog. The relationship between 
the estimated and true values as glucuronide is: 


true of trichloroethanol dose as glucuronide - 
estimated % of trichloroethanol dose as glucuronide - 


[TCE-GB] X V b  
[TCE-GB] X Vgk VgL = a (Eq. 76) -~ - 


where [TCE-GB] is the experimentally observed concentration of 
glucuronide in whole blood. 


The factor u can be estimated from the setting of a variable po- 
tentiometer used to multiply the trichloroethanol glucuronide 
amount in the dog (in terms of percent of trichloroethanol dose as 
glucuronide) generated from the analog computer fit of the tri- 
chloroethanol data in the blood, so that the time course of actual 
values of glucuronide plotted was fitted when plotted as the esti- 
mated values obtained from Eq. 75. This determined u factor would 
permit a true estimate of the apparent volume of distribution of 
glucuronide referenced to its total concentration in the blood from a 
rearrangement of Eq. 75: 


0%. 77) 


where VgL was taken as 94 ml./kg. (Eq. 76). 
The rates of urinary excretion of trichloroethanol glucuronide, 


d(TCE-Gu)/dt, were determined from the experimental analyses of 
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total glucuronide in the urine excreted per unit of time in accordance 
with : 


urinary excretion rate of glucuronide (z of dose/min.) = 


(Eq. 78) 100 x glucuronide excreted in mg. trichloroethanol 
(dose in mg.) (time interval of excretion in min.) 


These values were plotted on the same graph used for the plotting 
of estimated glucuronide in the blood as percent of administered 
trichloroethanol, except that the ordinate was magnified 10-fold to 
give a range of 0-1z of total trichloroethanol dose excreted per 
minute (Fig. 3). Since (13): 


d(TCLGu)/dt = k.' [TCEGEI (Eq. 79) 


the proper multiplication of the amounts of glucuronide in blood as 
a function of time by a constant k.' should fit the plotted rates of 
urinary excretion as a function of time. A selector switch on the re- 
corder permitted instantaneous 10-fold amplification of the gen- 
erated rate data to conform with the plotted scale. Good fits of both 
the blood and urine data of glucuronide were necessary before a set 
of parameters could be said to describe the fate of glucuronide 
formed from trichloroethanol. 


The simplest model for fitting the glucuronide data in blood with 
the rate constants generated from the fit of trichloroethanol data in 
blood assumed that the glucuronide appearance in blood reflected 
trichloroethanol loss as in Scheme 111, i.e.: 


d(TCE-Ge)/dt = kE,w(TCEB) (Eq. 80) 


If and only if the apparent volumes of distribution of the central 
compartment referenced to concentrations in blood for both drug, 
(VE)rcE, and metabolite, ( V ~ ) r c ~ a ,  were the same would this 
equation be applicable to concentrations. In general: 


d T c E G ~ l / d t  = ( ( ~ E ) T c E / ( Y E ~ E ~ ~ E . Y [ T C E B ~  (Eq. 81) 


An appropriate expanded model might be as shown in Scheme IV, 


kT.U 4 ku.u 


TCE-Gu 
Scheme I V  


where the k.' of Eq. 79 would be defined (13) by the microscopic 
constants in a manner analogous to Eq. 73 where the glucuronide 
is rapidly equilibrated with a tissue, T C L G T ,  as: 


where k,  is inserted as a microscopic rate constant for a possible 
elimination route that occurred simultaneously with the urinary 
elimination of glucuronide from the body. The urinary excretion 
rates of glucuronide were always proportional to its concentration 
in the blood in accordance with Eq. 79. The fact that an intravenous 
dose of glucuronide was, for all practical purposes, completely 
excreted into the urine permitted the decision that k,' = 0. The 
initial estimates of kM.T, kT.M, and kM," were obtained from a sepa- 
rate analysis of the pharmacokinetics of the intravenously admin- 
istered dose of glucuronide. 


However, the model of Scheme IV could not be fitted to the glucu- 
ronide data plotted as values derived from Eq. 75 against time 
(Fig. 3). No combination of u values and distribution and elimina- 
tion rate constants could fit the observed data for glucuronide in 
blood and urine. The major inconsistencies observed were that the 
analog computer curves generated from the fits to the trichloro- 
ethanol data gave rapid early blood levels, whereas the experi- 
mental glucuronide data demonstrated an induction period, a 
slower rate of glucuronide appearance in the blood, and a broader 
maximum. It was, therefore, necessary to postulate an additional 
compartment, LI, in the model, between trichloroethanol in the 
blood, TCEB, and the glucuronide in the blood, TCE-GA (Scheme 
V), which could serve to accumulate the glucuronide and release it 


Scheme V-The multicompartmental model and corresponding analog 
computer program required for the analysis and fitting of pharmaco- 
kinetic &to. The portions enclosed in dashed lines were used to 
ewluate trichloroethanol data as analyzed in blood, TCEB, alone while 
the entire model and program were used to fit trichloroethanol glucu- 
ronide data as analyzed in blood, TCE-CB. The potentiometers in the 
program and their corresponding rate constants in the model were: 
potentiometer 1, k 9 . T ;  2, kT.B; 3, ke.T';  4, kT',B; 5, kn.i,; 6, kL,,L,; 
7, k L 2 , 1 ;  8, k,; 9, km.T; 10, kT.hi; and 11, km,u. Analog computer 
plots of calculated data were obtained from points A for trichloro- 
ethanol in blood, TCEB; B for trichloroethanol glucuronide in blood, 
TCE-GB: and C for the urinary excretion rate of trichloroethanol 


glucuronide, d(TCE-Gu)/dt. 


slowly into blood. Although the presence of this compartment im- 
proved the fit of calculated to observed data, the lag time required to 
fit the rate of appearance of glucuronide in blood was still not ac- 
commodated. To fit the lag in appearance of glucuronide blood 
levels while continuing to assume concentration-dependent or 
first-order processes, it was necessary to insert another compart- 
ment, L, in the model (Scheme V). 


The presence of compartments Ll and L (in series between TCEE 
and TCE-GE), coupled with an additional compartment ( X )  to 
account for the fraction of the dose unaccounted for in urine, al- 
lowed for accurate fitting of the glucuronide data in blood and urine 
in accordance with Scheme V. The analog computer program for 
this model is also given in the scheme. The portions of the model 
and program enclosed in dashed lines were used in the preliminary 
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Figure &Semilogarithmic plots of the peak height raiios of iri- 
chloroethmiol (A.0) and trichloroethanol glucuronide (A,.) as repre- 
sentutive of blood levels with time in the absence and presence of 
sitlJobromophthaIein for the 10-kg. DOK E.  Segment A is a coii- 
sequerice of dosing 60 mg./kg. of trichloroethanol at zero minuie. 
Segment B is a consequence of dosing 611 mg./kg. of trichloroethanol 
atid I 0  mg.1X.g. of sulfobromophthalein at 2.50 min. A peak height 
ratio of 1.0 is equivaleni to 8.4 nicg. irichloroethanol or 18.3 mcg. 
tricliloroethwiolglucuroni&/ml. of whole blood. 


fit of the trichloroethanol data in the blood, where kB.L, is the rate 
constant given previously as kn.M (Schemes 111 and IV). 


The placement in the multicompartmental model of k x ,  a rate 
constant for elimination of the missing drug fraction, was arbitrary 
since the route of elimination was unknown. The urinary recovery, 
for all practical purposes, of all of an intravenous dose of the glucu- 
ronide indicated that the TCE-GB compartment would not be a 
logical place to remove a fraction of the dose with a rate constant, 
k,. Since postulation of this elimination route from the trichloro- 
ethanol in the blood. TCEB, would alter those parameters pre- 
viously obtained for the loss of trichloroethanol, it was decided 
that the missing fraction of drug exited from compartment Lr. The 
fact that an amount of the trichloroethanol dose is secreted into 
bile as the glucuronide made this choice consistent with physiological 
reality. 


The ratio, kX/kL,.M. could be estimated (1 3 )  from: 


where (% TCE-GLI), is the total percent of the trichloroethanol dose 
excreted in the urine. 


Analysis of Data by Digital Computation-The major disadvan- 
tage of the analog computer in data analysis is that the goodness of 
fit must be evaluated visually. Statistical determination of the agree- 
ment between calculated and observed points would demand a non- 
linear regression analysis for every fit. Fortunately, programs are 
available for the digital computer that include such statistical analy- 
sis along with methods to evaluate pharmacokinetic parameters. 
The SAAM (Simulation. Analysis, and Modeling) program of 
Berman and Weiss (30) is such a program and was used on a digital 
computerLS to fit the pharmacokinetic data. 


SAAM is a general-purpose computer program designed to fit 
physical or mathematical models to data by adjusting the parameter 
values of the model until a "best" fit is obtained. Any set of mathe- 
matical equations (differential, integral, or algebraic) or functions 
may serve as a model provided an analytical or numerical pro- 
cedure exists for its solution. 


Since the model for trichloroethanol pharmacokinetics (Scheme 
111) assumed first-order transfers among all compartments, the 
equations describing the system were linear differential equations 
with constant coefficients. The equations are solved by the SAAM 


IBM model 360150. 


f I B 
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Figure 5-Semilogariihmic plots of the peak height ratios of tri- 
chloroethanol (A) and trichloroethanol glucuronide (A) as repre- 
sentaiive of their respective blood levels with time in the absence and 
presence of sulfobromophthalein for ihe 10-kg. Dog E. Segmeni A is 
a consequence of dosing 60 mg./kg. of trichloroeihanol at zero minute. 
Segment B is a consequence of dosing 60 mg./kg. of irichloroethanol 
und 50 mg./kg. of si~lfobromophihalein at 320 or 0' min. A peak heighi 
raiio of 1.0 is equivdeni to 8.4 mcg. trichloroethanol or 18.3 mcg. 
trichloroethanol gli~uronide/ml. whole blood. 


program with the fourth-order approximative technique of Runge- 
Kutta ( 3 1 ) .  


Data to be analyzed were punched out on IBM cards. The data 
for trichloroethanol in blood were given in terms of percent of total 
dose, where 100% was the extrapolated zero-time blood concentra- 
tion (Eq. 74). 


Estimates of the rate constants needed to fit the data (lambdas in 
SAAM program terminology) were those obtained with the pre- 
liminary analog computer data fit (Scheme V). These rate constants 
required iterative adjustment to obtain a least-squares fit of the 
data. A variable proportionality factor, kappa, was also included 
within the program to adjust the data in the case of a poor estimate 
for the initial volume of distribution. If the initial rate constant 
(lambda) estimates did not provide a good statistical fit of the data, 
the SAAM program increased or decreased the data by a constant 
factor, kappa (hence decreasing or increasing the volume of distri- 
bution), while simultaneously adjusting the lambda values until the 
best statistical fit was achieved. 


To specify that a parameter be subject to iterative adjustment, 
upper and lower limits were assigned to each kappa and lambda 
estimate in the model. Lower limits for lambdas were zero (0.0) 
while upper limits were twice the value of the initial estimate. Upper 
and lower limits for kappas were 0.5 and 2.0, twice and one-half 
the initially estimated volume of distribution, respectively. 


A routine printout was produced for every problem deck sub- 
mitted to SAAM and included: a listing of the problem deck with 
each card printed as reformatted by SAAM, a computer language re- 
organization of the information in the program deck, parameter 
values and a table of the initial solution values (zero iteration), and 
results for each iteration associated with the fitting of the data and 
final results including parameter values and the corresponding solu- 
tion table for the best fit with estimated standard errors and corre- 
lation coefficients. An optional arithmetic plot of calculated and 
observed data could be requested and was used in all trichloro- 
ethanol pharmacokinetic analyses. 


The final parameter values obtained with the SAAM program 


and kn.L, = 0.0505 for the 30-mgJkg. dose given Dog D. A kappa 
value of 1.30 was required to fit the data. This kappa served to raise 
the calculated initial trichloroethanol concentration from 0.142 
mg. trichlorwthanol/ml. of blood (or 0.0237 as percent of totd 
dose per milliliter of blood) to 0.185 mg./ml. blood (or 0.031 as 
percent of total dose per milliliter blood) and hence changed the 
calculated apparent volume of distribution, VB, referenced to total 
concentration in the blood (Eq. 24) from 4.24 to 3.26 1. Thus, the 


Wefe kn.T = 0.1506, kT.B = 0.0602,ks .p  = 0.0082, kT'.B = 0.0030, 
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Figure 6-Semilogarithmic plots of the peak height ratios YO the in- 
iernal standard chlorobutanol of trichloroethanol and trichlom- 
eihanol glucuronide blood concentrations wiih time for a SO-mg./kg. 
irichloroethanol dose in ihe absence and presence of pentobarbital 
anesthesia. The open circles and triangles represent the irichloro- 
ethanol and trichloroethanol glucronide blood concentrations for the 
firsi dose of trichloroeihanol given 10 the dog in the absence of penio- 
barbiial anesthesia. The solid circles and iriangles are the tri- 
chloroethanol and tricliloroeilianol glucuronide data for an identical 
dose of irichloroethanol given 7 days later 10 the dog atiestheiized 
wiih 30 mg./kg. pentobarbiial. A peak height ratio of 1.0 is equivalent 
to 8.4 mcg. trichloroethanol or 18.3 mcg. irichloroethanol glucuronide/ 
ml. whole blood. 


apparent volume of distribution referenced to the concentration of 
unbound trichloroethanol in the plasma, VP", is 3.37 1. (Eq. 34). 


It also follows that the apparent volumes of distribution of the 
tissue compartments referenced to the unbound drug concentration 
in plasma are V T ~ *  = 26.1 1. from Eq. 59 and V T ' ~ *  = 29.7 1. from 
Eq. 60. These are in decided contrast to the apparent volumes of 
distribution of the tissue compartments if they were referenced to 
the total drug concentration in blood, since V T B  = 8.1 1. and VT'B 
= 8.8 1. 


RESULTS AND DISCUSSION 


sendtivity and Reliability of Analytical Methods-A typical 
chromatogram for a 5-pl. aliquot of the ether extract of a solution 
of trichloroethanol and its glucuronide, chloral hydrate, and tri- 
chloroacetic acid is given in Fig. 1 .  The dashed line over the tri- 
chloroethanol chromatographic peak was the peak observed after 
48 hr. of hydrolysis with j3-glucuronidase when the glucuronide was 
present in the sample. It includes free and conjugated trichloro- 
ethanol. 


The trichloroethanol produced by the @-glucuronidase- (1 me.) 
catalyzed hydrolysis of its glucuronide in urine was monitored gas 
chromatographically as a function of time. A plot of the logarithm 
of the difference between the peak height ratio (trichloroethanol to 
chlorobutanol) at infinite time and the peak height ratio at a time, I ,  
against that time was linear and demonstrated a first-order hydrol- 
ysis of the glucuronide. The half-life of the solvolysis of glucuronide 
under the conditions specified in this paper was obtained from the 
slope of this plot and was 8 hr., so that 98$ hydrolysis would be 
effected after 48 hr. of incubation at 37". 


Concentrations as low as 0.5 v g .  of trichlorwthanol, its 
glucuronide, or chloral hydrate (3.3, 1.54, or 3.0 pmoles, respec- 
tively) in 3.0 ml. of water, urine, or blood were assayable. The sensi- 
tivity for trichloroacetic acid was 5 mcg. (31 pmoles) in 3.0 ml. 
Linear calibration curves were obtained for all compounds over il 
%-fold concentration range (7). Assay values (trichloroethanol- 
chlorobutanol peak height ratios) from the trichloroethanol 
"spiked" blood of four different dogs showed a maximum deviation 


of less than 3z. Deviation of 2-4.8Z resulted between refrigerated 
blood samples stored up to 168 hr. and calibration standards, 
In Viuo Inhibition of Trichloroethand G l d d a t i o n  by 


bomophthalein-The intravenous administration of 10 mg./kg. of 
sulfobromophthalein concurrently with a 60-mg./kg. dose of tri- 
chloroethanol and subsequent infusion of 0.6 mg./min. sulfobromo- 
phthalein did not result in any alteration in the pharmacokinetic 
profile of trichloroethanol and its glucuronide in Dog E when the 
data were compared with those obtained for an equal dose of tri- 
chloroethanol with no sulfobromophthalein administered 4 hr. 
previously (Fig. 4 and Table I). When the experiment was repeated 
and the dose of sulfobromophthalein was increased in Dog E to 
50 mg./kg., with a subsequent infusion of 3 mg./min. of sulfobromo- 
phthalein, a significant decrease in the rate of loss of trichloro- 
ethanol from the blood was observed (Fig. 5 and Table I). 


Possible Interaction of Pentobarbital Anesthesia with Trichloro- 
ethanol Phannacokinetics-The use of pentobarbital anesthesia in 
the pharmacokinetic studies of trichloroethanol and its metabolites 
in the dog was necessitated by the animal's hyperexcitability and 
difficulty in handling without initial sedation prior to drug adminis- 
tration. However, studies were made in the same animal (Dog E) 
with the same trichloroethanol doses (50 mg./kg.) with and without 
pentobarbital anesthesia. The plotted data (Fig. 6) demonstrated no 
apparent difference in the time course of trichloroethanol or its 
glucuronide in blood, a valid indication that pentobarbital anesthesia 
had no significant effect on the pharmacokinetics of trichloroethanol 
and its glucuronide. 


Hepatic Storage of Trichloroethanol and/or Its Glucuronide-The 
portal and hepatic veins were sampled with time and assayed for 
trichlomethand and its glucuronide in the dog that was surgically 
modified (11) so that the vena cava was occluded and the vena 
caval flow did not dilute the hepatic output. The trichloroethanol 
extracted by the liver per milliliter of blood, lTCEl~/ml., was deter- 
mined from the subtraction of the trichloroethanol concentration 
in the hepatic vein blood from the concentration in the portal vein 
blood. The trichloroethanol glucuronide per milliliter of blood, 
[TcE-Gl~/ml., released by the liver was determined from the sub- 
traction of the glucuronide concentration (as trichloroethanol) in the 
portal vein blood from the concentration in the hepatic vein blood. 


The difference in these two values, [TCE]L/~I. - [TCE-GIL/ml., 
represents the storage of trichloroethanol and/or its glucuronide in 
the liver in terms of concentration per milliliter of blood. When this 
difference is multiplied by an estimate of the hepatic blood flow, 600 
ml./min. for a 15-kg. dog (32), the net amount of trichloroethanol 
and/or its glucuronide extracted per minute from the hepatic blood 
is estimated. A plot of such data against time (Fig. 7) indicates that 
significant accumulation of trichloroethanol and/or its glucuronide 
in the liver is terminated within an hour of drug administration; 
i.e., the liver may be considered saturated with respect to the drug 
and/or its metabolites. When blood hepatic and portal vein samples 
were analyzed at 90 min., the process was reversed. The amount 
of glucuronide released by the liver exceeded the trichloroethanol 
extracted or transformed by the liver so that it can be concluded that 
the accumulated liver storage of trichloroethanol and/or its glu- 
curonide was being depleted. 


The insert of Fig. 7 plots the area under the estimated curve of 
Fig. 7 against time and thus represcnts the cumulative amount of 
trichloroethanol and/or its glucuronide retained by the liver with 
time. Since the initial rates of drug and/or metabolite retention were 
estimated from a presumed linear relation with time, the maximum 
amount of drug and/or metabolite retention in the insert of Fig. 7 is 
undoubtedly underestimated. 


Trichloroethand DistriLytion in Dogs-The fractions of trichloro- 
ethanol and its glucuronide bound to protein were based on the 
equilibrium dialysis experiments with dog plasma and calculated 
from: 


fraction bound = 


concentration of drug inside dialysis bag - concentration outside 
concentration of drug inside dialysis bag 


(Eq. 84) 


The values obtained (Table 11) were in agreement with those re- 
ported by Marshall and Owens ( 5 )  for trichloroethanol binding by 
reconstituted lyophilized human plasma. Control experiments 
(dialysis in the absence of plasma) gave no evidence that trichloro- 
ethanol or its glucuronide was bound by the dialysis sac. Approxi- 
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Figure 1-Estimated amount of triclrloroetharrol as itself or as its 
glucuronide that is stored in the liver per minute afier injection of a 
SO-mgJkg. dose of trichloroethanol in the hepatic portal w i n  in a 
dog drat was surgically modified so that the vencr cava was occluded 
und the vena cuval flow did not dilute the hepatic output. The dij; 
ferences in the simultaneously assayed concentmtiotis in milligrams 
per milliliter of trichloroethanol plus its glucrrmnide of the hepatic 
and portol cein bloods were multiplied by an estimated hepatic blood 
flow of 600 ml./min. to estimate the milligrams of trichloroethanol 
andlor irs glucuronide per minute accumulated in the liver. At 90 min., 
the glucuronide released by the liver exceeded the trichloroethanol 
extracted or transformed by the liver. The h e r  is the cumulative 
curre for the milligrams of drug andlor its metabolite retained by the 
liver with time. 


metely 35z of the trichloroethanol found in plasma was bound to 
protein, and this percent was independent of the plasma concentra- 
tion of trichloroethanol (Table 11). Fifty-three percent of the total 
trichloroethanol in the entire blood was instantaneously distributed 
into red blood cells; 16% was bound to plasma proteins and 31 z 
was free (Eqs. 20-22). 


The partition coefficient for the ratio of drug concentration in the 
red blood cells to the drug concentration in plasma unbound to 
protein, D (Eq. 8), was calculated from Eq. 12 and was taken as 
2.1 (Table Ill). The determined hematocrit, H, was 0.45. 


Table 11-Data for Estimation of Binding of Trichloroethanol 
and Its Glucuronide to Plasma Proteins 


Equili- Equili- 
Micro- brated brated 
grams Concen- Concen- 


per. tration tration 
Milh- inside outside Percent 


Compound liter- Sacb Sac" Boundd 


aConcentrations in 10.0 ml. of pH 7.4 phosphate buffer dialyzed 
against 2 ml. of do plasma inside the dialysis sac. * Given in terms of 
trichloroethanol-chforobutanol peak height ratio, (TCE/CB)r. per milli- 
litcr'of plasma. c Given in terms of trichloroethanol-chlorobutanol peak 
height ratio, (TCE/CB)o, per milliliter of pH 7.4 phosphate buffer. 
d Percent bound = 100 [(TCE/CB)r - (TCE/CB)e]/(TCE/CB)i. * The 
percent errors for total trichloroethanol in the plasma-buffer dialyses 
versus the buffer-buffer controls were 6, 6.7, and 9.4%. 
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Table III-Red Blood Cell-Plasma Partition C d c i e n t s  (D) 
for Trichloroethanol and Its Glucuronide 


4once.ntrationO- 
Micrograms Whole 


Compound per Milliliter Blood Plasma LP 


Trichloroethanol 29.1 1.87 3.57 -d 
glucuronide 


0 Given in terms of trichloroethanol-chlorobutanol eak height ratios 
per milliliter. Calculated from Eq. I2 for the ratio orconcentration of 
drug in the red blood cells to the concentration of unbound drug in 
plasma as define$ in Eq. 8. c Blood samples from a do that had received 
50 mg./kg. of trichloroethanol and 50 mg.[k . of sulfobromophthalein. 
d A value of -0.07 was obtained for the tnchoroethanol glucuronide. 


The initial apparent volumes of distribution of trichloroethanol 
referenced to the concentration in whole blood, VE, and to the un- 
bound concentration in plasma, Vp",  were reasonably consistent 
among the animals studied at aU doses (Tables I and IV). The ap- 
parent volumes of distribution of the central compartment refer- 
enced to the concentration of unbound drug in plasma were approxi- 
mately equivalent to the extracellular body water of the dog, i.e., 
200-350 ml./kg. (18). Thus, it may be assumed that the diffusion of 
trichloroethanol into the extracellular body water occurred during 
its first cycles through the circulatory system and the kinetics of its 
distribution could not be readily observed. 


Table IV shows that the apparent volume of distribution of the 
central compartment which was equated to extracellular water was 
significantly larger for small dogs (10 kg.) compared to larger dogs 
(16-20 kg.) on a milliliter per kilogram basis. 


The compartment, T (Scheme V), that readily equilibrated with 
the central compartment had an apparent volume of distribution 
referenced to the concentration of unbound drug in plasma, VrpU, 
of 4-6 times the apparent volume of the central compartment 
similarly referenced (Table IV). Since the total body water is only 
about 2.5 times that of the extracellular body water (500-750 ml./ 
kg.) in the dog (18), it is implied that trichloroethanol in the central 
compartment readily equilibrates with lipoidal tissues as well as 
total body water. The presence of a deep compartment, T', of 
relatively large capacity in most instances (Table IV) implicates a 
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Figure 8-Semilogarithmic plot of triclrloroethanol blood concenlra- 
tiotis (as percent initial dose per milligrams whole blood) with time 
for doses of 17 (A), 50 (O), 100 (O), and 150(A) mg. trichloroethatroll 
kg. in Dog D.  The data points were calculated by dividing the tri- 
chloroethanol concentration (milligrams per milliliter) by the dose 
(milligrams) and multiplying by 100. 
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Table IV-Range of Apparent Volumes of Distributions for Trichloroethanol (ml./kg.) for All Doses in Dogs 


A B D E 
"c" 


Weight, kg.: 16 18.6 10 18 10 


184 
204 


9 o o f  10 


180 
198 


1130 f 50 
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283 


1430 =t 200 


180 
197 


1200 f 100 


240 
303 


1100f 100 
1250 f 120 310 f 20 3300 + 400 1Mo=k300 1800 f 200 


slowly equilibrating, nonvascularized depot in the body which is 
also most probably lipoidal. 


Effect of Dose on Mchloroethawl Pharmacokinetie Parameters in 
Dogs-Typical semilogarithmic plots of the trichloroethanol per 
milliliter of whole blood uersus time for different intravenous doses 
in a female mongrel dog, Dog D, are given in Fig. 8. The data are 
plotted as the percent of dose per milliliter of whole blood: 


dose/ml. whole blood = 


mg. trichloroethanol/ml. whole blood 
dose in mg. (&, 85) 


which normalizes the data for different doses of trichloroethanol to 
a common scale. If the parameters for drug disposition were in- 
dependent of dose, the data of Fig. 8 should be superimposable for 
all doses. This was not so and was typical of the studies in all dogs. 
Thus, it must be concluded that the pharmacokinetics of trichloro- 
ethanol are dose dependent. 


Typical semilogarithmic plots for the appearance and subsequent 
loss of trichloroethanol glucuronide in blood as a function of time 
after intravenous administration of trichloroethanol are given in 
Fig. 9 for Dog C. The data are presented as the peak height ratios of 
trichloroethanol to chlorobutanol per milliliter of whole blood, 
where a peak height ratio of 1.0 is equal to 19.5 mcg. of the sodium 
salt of trichloroethanol glucuronide per milliliter of whole blood. 


Similar data for Dog D ,  but given as the percent of the initial 
dose per milliliter of whole blood uersus time, are depicted in Fig. 
10. The effect of an increasing trichloroethanol dose on the pharma- 
cokinetics of the glucuronide is to delay and broaden the maximum 
in glucuronide blood level (Figs. 9 and 10). The height of the maxi- 
mum in terms of percent of the dose is elevated with the increased 
dose of trichloroethanol (Fig. 10). 


The pharmacokinetic parameters of rate constants and volumes of 
distribution, which describe the distribution and metabolism of 
trichloroethanol and the appearance, distribution, and urinary 
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Figure %Semilogarithmic plot of the gas chromatographically ob- 
tained peak height ratios for trichloroethand as rrichloroethanol 
glucuronide to the chlorobutanol internal standard with time for doses 
of I0 (O), 50 (O), 100 (A), and 176 (A) mg. trichloroethanollkg. in 
Dog C. A peak height ratio, TCE-C/CB, with respect to chlorobutanol 
(CB) of 1.0 is equiralent to 18.3 mcg. of trichloroethand glucuronide 
(or 8.4 mcg. of trichloroethanol)/ml. of whole blood. 


elimination of its glucuronide after intravenous administration of 
different doses of trichloroethanol, are found in Table I for Dogs 
A-D. Typical analog computer curves generated from the rate 
constants of Table I are given for widely varied trichloroethanol 
doses (10 and 176 mg./kg.) in Figs. 1 1  and 12 for the data of 
Dog C. 


The rate constant, kB.L, (Scheme V), for the loss of trichloro- 
ethanol to the glucuronide decreased as a function of dose in Dogs 
A-D (Table I and Fig. 13). The dogs formed two groups of similar 
kB.L, values, the rate constants for loss of trichloroethanol from the 
central compartment at an infinitely small trichloroethanol dosage. 
Curvilinear extrapolation of the data from the two lean dogs, A and 
C (10 and 16 kg., respectively) gave an estimated k%.L, of 0.086 
mh-1, while a value of 0.069 mh-1 was obtained for the two obese 
dogs, Band D (18 and 18.6 kg., respectively) (Fig. 13). 


The decrease of the rate constant, kB.L,, for the loss of trichloro- 
ethanol to glucuronide with dose is not unique. Similar dose de- 
pendency of apparent first-order disappearance of drug from a cen- 
tral compartment was 'reported for dicumarol (33), ethyl bis- 
coumacetate (34), probenecid (33, and diphenylhydantoin and 
phenylbutazone (36). As yet, no satisfactory mechanism has been 
advanced. 


A possible explanation is an in viuo saturation by a substrate of a 
metabolic pathway, as described by Levy (37) for salicylate. Pro- 
benecid (38) and diphenylhydantoin (39). which also demonstrate 
dose-dependent pharmacokinetics, also have been reported to be 
metabolized by glucuronidation. The coumarin derivatives and 
phenylbutazone have structures that suggest metabolism by the 
same route. Chloral hydrate (5  mM) has been reported to give 50% 
inhibition of microsomal 0-aminophenol conjugation (40). 


Sulfobromophthalein was shown to be a potent inhibitor of 
glucuronidation in in vitro experiments with rabbit liver homogenate 
(40). When 10 mg./kg. of this substance was administered simultane- 
ously with 60 mg./kg. of trichloroethanol, no significant change in 
kB,L, was observed from the case when sulfobromophthalein was not 
administered (Dog E, Table I and Fig. 4), even though the sulfo- 
bromophthalein dose used was twice that recommended for studies 
on hepatic function (10). However, when the sulfobrornophthalein 
dose administered simultaneously with 60 mg./kg. of trichloro- 
ethanol was increased to 50 mg./kg., a significant 46% decrease in 
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Figure 10-Semilogarithmic plot of tricliloroetlianol glucuronide 
blood levels (as percent initial trichloroethanol dose per milliliter 
whole blood) with time for doses of 17 (A), 50 (A), 100 (O), and 150 
(0) mg./kg. of rrichloroethanol in Dog D .  The data points were cal- 
culated by converting the glucuronide concentrations to trichloro- 
ethanol concentrations ( I  mg. glucuronidelml. = 0.47 mg. trichloro- 
ethanol/ml.), dividing by the dose (milligrams), and multiplying by 100. 
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Figure 11-Analog computerfits of the bloodand urine data for a dose of 10 mg. trichloroethanol/kg. in the 10-kg. Dog C. The fil-scale portion 
shows the fit of the duta with time for trichloroethanol as the percent of the maximum concentration that appears in the blood at zero time (0), 
as well as the computer curves generated for trichloroethanol in the distribution compartments T and T’ (Scheme V) .  The remaining curce is for 
the culculated amount of trichloroethanol ghcuronide (TCE-G) in blood with time. The pertinent microscopic rate constants in Tables I and V were 
used. The inset curves are expanded scale fittings of the data for trichloroethanol(0) and its glucuronide ( A )  in the blood. The latter data were 
estimuted by multiplying the glucuronide blood concentrations by a factor that represented the ratio of the apparent volume of distribution of the 
glucuronide to that of the trichloroethanol in the central compartment. The solid circles represent the urinary excretion rates of trichloroethanol 
glucuronide (percent dose per minute) and are plotted on a 10-fold smaller scale, O-l.O%/min., than that represented on the inset ordinate. 


ka.L, was observed (Dog E, Table I and Fig. 5), which indicated a 
large capacity for glucuronidation. Since sulfobromophthalein is 
metabolized by conjugation with glutathione and subsequently 
eliminated by biliary secretion(41), the observed metabolic inhibition 
of trichloroethanol metabolism was probably not due to a com- 
petition for sites on uridine 5’-diphosphate-glucuronyltransferase. 


However, these implications of enzyme saturation or substrate 
inhibition of enzymic action to explain the metabolic rate decrease 
with increasing dosage are contradicted by the fact that the loss of 
trichloroethanol from the blood central compartment can be 
described by first-order kinetic parameters during its entire time 
course in the blood for any given dosage (Figs. 2, 3, 11, 12, 14, and 
15 and Scheme V). It would be anticipated that the rate of trichloro- 
ethanol loss would vary from zero-order dependence at high blood 
levels to first-order dependence on drug concentrations in the 
central compartment at low blood levels if enzyme saturation or 
substrate inhibition occurred (37). 


Since the reason for metabolic dependence on dose is probably not 
at the level of the enzymic conjugation, alternative mechanisms may 
be considered. They could include decreased availability of the uri- 
dine 5’diphosphate-glucuronic acid cofactor with trichloroethanol 


TCEE 


Scheme VI 


dose or decreased uptake of trichlorwthanol in the biophase of the 
hepatic cell with dose. This latter could be rationalized by assuming 
that the lipid-water ratio of trichloroethanol is altered within cells 
or among liver tissue components by the initial trichloroethanol 
dose. The fact that significant storage in the liver of trichloroethanol 
and/or its glucuronide is indicated (Fig. 7) tends to favor this latter 
explanation. 


The presence of trichloroethanol may stimulate its permeability 
into a constant volume of liver fat or may cause an increase in the 
volume of liver lipids. The phenomenon of fatty liver was reported 
for polychlorinated hydrocarbons (42) and ethanol (43) and might 
occur for a drug such as trichloroethanol, which possesses the 
molecular structure of both substances. Such a premise would neces- 
sitate the presumption that fat availability is an immediate and 
persistent consequence of the initial trichloroethanol dose. 


An alternative and more probable, although indistinguishable, 
effect would be the persistent increase in availability of lipid by the 
action of increased trichloroethanol concentration, which could con- 
ceivably lower the surface tension between lipid and aqueous phases 
or modify the intervening membranic barriers. On the simple 
assumption that either of these mechanisms is operative, the inter- 
mediate steps between the loss of trichloroethanol and the appear- 
ance of its glucuronide in the blood in the pharmacokinetic model 
of Scheme V may be modified to include an instantaneous distribu- 
tion of trichloroethanol between an aqueous phase (TCEL,)., and a 
lipid phase (TCEL,)~,,, in the liver with an equilibrium constant Ka 
(Scheme VI). 


If the rate of glucuronide formation in the liver is a function of the 
trichloroethanol amount in an aqueous biophase: 
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Fhure 12-Analog computerfits of the blood and urine data for a dose of 176 mg. trichloroethanol/kg. in the IO-kg. Dog C. The full-scale portion 
shows the fit of the data with time for trichloroethanol as the percent of the maximum concentration that appears in the blood at zero time (O), 
as well the calculated amount of trichloroetlrwrol glucuronide (TCE-G) in blood with time. The pertinent microscopic rate constants in Tables I 
and V were used. The inset curws are expanded scale fittings ofthe data for trichloroethanol(0) and its glucuronide (A) in blood. The latter data 
were estimated by multiplying the glucrrronide blood concentrations by a factor that represented the ratio of the apparent Dolume of distriburion of 
the glucuronide to that of trichloroethanol in the central compartment. The solid circles represent the urinary excretion rates of trichloroethwrol 
glucuronide (percent dose per minute) and are plotted on a 10-fold smaller scale, O-I.O~/min.. than that represented on the inset ordinate. 


and the apparent first-order rate constant, ke.L,, is not an intrinsic 
constant but a function of the equilibrium, Kl, between the aqueous 
and fatty phases or its equivalent, the relative volumes of lipid and 
aqueous phases in the hepatic cell or liver. If either of these factors 
is a persistent function of the initial trichloroethanol dose so that 
K2 increases with dose, the apparent rate constant, kB,L,, will de- 
crease with dose. 


If KZ is linearly related to dose, AD, then: 


Kz = K,O + mAo (&. 88) 


where KI0 is the intrinsic lipid-aqueous distribution in a liver un- 
challenged by trichloroethanol. 


Substitution of Eq. 88 into Eq. 87 yields: 


and, on taking reciprocals: 


A plot of the reciprocal of the apparent first-order rate constant 
for the loss of trichloroethanol from the blood against trichloro- 
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Figure 13-Plot of the change in the calculated rate constant, kB.LI  
(Scheme V) ,  for the metabolic loss of trichloroethanol with increasing 
doses of trichloroethanol in Dogs A (A), B (O), C (A), and D (0). 
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Figure 14-Semilogarithmic plots of the peak height ratios of tr i- 
chloroethanol (A) and trichloroethanol glucuronide (0) from blood 
and the glucuronide from bile (A) with time for different doses of tri- 
chloroetlianol. These peak height ratios are referred to the internal 
statidard, chlorobutanol. Segment A is a consequence of dosing I I 
mg./kg. of trichloroethanol at zero minute. Segment B is a con- 
sequence of dosing 46 mg.Jkg. of trichloroethanol at 240 min. A peak 
height ratio of 1.0 is equivalent to 8.4 mcg. of trichloroethanol or 18.3 
mcg. of glucuronidejml. of blood. 
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Figure 15-Semilogarithmic plots of the peak height ratios of tri- 
chloroethanol (A) and trichloroerhanol glucurorride (0) from blood and 
the glucurorride from bile (A) wirlr time for different doses of tri- 
chloroethanol. These peak height ratios me re ferred to the internal 
standard, clilorobutatiol. Segment A is a consequetrce of dosing SO 
mg./kg. of trichloroethanol at zero minute. Segment B i s  a con- 
sequence o/ dosing 100 mg./kg. of triclrforoethunol at 360 min. A 
peak height rario of 1.0 is equioulent to 8.4 mrg. of trichloroethanol or 
18.3 mcg. of ‘glucuronidejml. of whole blood. 
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Figure 16-Pior of the reciprocal of the metabolic rate constant, 
kB.LI (Scheme V), for the metabolic loss of trichloroethanol against 
dose for Dogs A (O), B (0). C (A), and D (A). 


ethanol dose in accordance with Eq. 90 is given in Fig. 16 and is not 
inconsistent with the postulated relationship. 


Mchloroethanol Glucuronide Distribution and Elimination in the 
Dog-After immediate equilibration in an initial apparent volume of 
distribution referenced to the concentration of unbound drug in 
plasma of 169 ml./kg. (Table V), which is about 3 times the true 
plasma volume of the dog, the intravenously administered glucuro- 
nide rapidly diffused into a compartment (TCE-GT in Scheme v) 
of an equivalent apparent volume (Table V). The sum of the two 
volumes (330 ml./kg.) approximated the 200-380 ml./kg. reported 
for total extracellular water in dogs (16). The glucuronide did not 
distribute from plasma into red blood cells. The fraction, A of 
glucuronide in plasma bound to protein was taken as 0.35 (Table I). 


The urinary elimination of trichloroethanol glucuronide was 
rapid, with an apparent half-life of 15 min. for the greater portion of 
drug in the body (Fig. 17). No trichloroethanol or trichloroacetic 
acid was observed in any assayed blood or urine sample. 


The semilogarithmic plot of the decrease in blood concentration 
of trichloroethanol glucuronide with time (Fig. 17) was triphasic and 
consistent with the three-component polyexponential expression of 
Eq. 63. Appropriate feathering, as demonstrated in Fig. 17, per- 
mitted preliminary estimates of the parameters of the equation. 
The cited apparent half-lives in Fig. 17 are inversely related to the 
ki constants of Eq. 63. When the logarithm of the amount of un- 
excreted drug, log ((I- - U), obtained from cumulative assays of 
glucuronide in the urine, was plotted against time (13), similar 
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Figure 17-Semilogarithmic plot of trichloroethanol ghcuronide con- 
centrations in blood with time in terms of gas chromatographically 
obtained peak height ratios of derived trichloroethanol to the internal 
standard, chlorobutanol, after a dose of 450 mg. (38 mg./kg.) Of 
trichloroethanol glucuronide to Dog C. The original data are repre- 
sented with open triangles. The three distinct phases obtained by 
feathering (i.e., the circles, solid triangles, and terminal open tri- 
angles) are labeled respectively with their apparent half-lives. 
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m u r e  10-Analog computer fits of the blood and urine data for trichloroethwiol glucuronide in blood and urine afler a 39-mg./kg. dose of tri- 
chloroethatiol glucuronide to the 10-kg. Dog C. The full-scale portion shows the computerfit with time of the data for the glucuronide as the per- 
cent of the maximum concentralion that appears in the blood at zero time (0) and as the percent of the total dose that appears ultimately in tlie 
urine (e). The curws ure also generated for the trichloroethanol glucuronide in the distribution compartments T and T' (Scheme V). The inset is M 


expandedscalefitting of the data for trichloroethanolglucuroniPe in blood. The microscopic rate constants of Table V were used. 


apparent half-lives for the second and third phases were observed 
by feathering and were 15 and 45 min., respectively. The first phase 
of Fig. 17 (II/? = 2 min.) was not observedin the urinary data. An 
analog computer fit of trichloroethanol glucuronide data in blood 
and urine with time in accordance with a model similar to that of 
Scheme 111 is given in Fig. 18 (see also Scheme V). 


A plot of percent of glucuronide dose excreted in urine per minute 
against percent of glucuronide dose per milliliter of plasma provided 
a good linear slope to estimate a clearance of 130 ml./min. This was 
consistent with the product of kM,u and Vp of 140 ml./mh. (13). 
The Vp = Vpy (1 - f) + Vp,,,, f can be estimated from the Vpy of 
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Mgure 19-Semilogarithmic plots of tlie blood trichloroacetate con- 
centrations with time in terms of the gas chromatographically de- 
termined peak height ratios of (richlomacetic acid to the internal 
srandard, chlorobutanol, afier doses of 100 mg. (A) and 1.0 g. (A)  
of sodium trichloroacetate to two diferent dogs. A peak height ratio 
with respect to chlorobutanol of 1.0 is equivalent to 70 mcg. trichloro- 
acetic acidlml. of whole blood. 


Table V, where f = 0.30 in accordance with Eq. 36. Since the rena 
clearance values for inulin (glomerular filtration) for a 12-kg. dog 
can be calculated to be 51 f 12 ml./min. (44), it is probable that the 
intravenously administered glucuronide was eliminated by filtration 


Table V-Trichloroethanol Glucuronide Pharmacokinetic 
Parameters" of Dog C (12 kg.) Administered 450 mg. of 
Glucuronide (37.5 mg./kg.) 


0.034 
2.94 1. 
2.03 1. 
2 . 0  I. 
1.41. 
0.133 (0.013) mim-1 
0.190 (0.019) m h - 1  
0.008 (O.ooo6) m h - 1  
0.017 (0.0007) m h - 1  
0.069 (O.OOO6) m h - 1  


~~ 


aThe microscopic rate constants are defined in Scheme V for tri- 
chloroethanol glucuronide (TCE-G) in the various compartments and 
are given in minutes-' and are referenced to total amounts in blood. The 
compartments and transfers for trichloroethanol in Scheme V are to be 
ignored. The numbers in parentheses are standard deviations of the stated 
parameters obtained b di ital computer fitting with the SAAM pro- 
gram. b The com uter-Xttecf zero time concentration of trichloroethanol 
glucuronide in byood, Ao, in terms of percent of dose per milliliter of 
whole blood.  the apparent volume of distribution of the central 
compartment referenced to total concentration in blood is VB = (loo%/ 
[A&) in liters. dThe apparent volume of distribution of the central 
compartment referenced to the concentration of glucuronide unbound 
to protein is VPU = Vs(2.31) - 0.24V~t,.. after Eq. 34. where H = 
0.45.f = 0.30 (Table 11). D = 0 (Table 111). and VE,,.. = 0.1 X wei ht  
of dog in kg. (16). * The apparent volume of distribution referencefto 
the concentration of unbound lucuronide in the plasma of the rapidly 
equilibrating compartment, 8 in liters. where V T ~ "  = VPU(kM.T/ 
ypUkT.M), where YP" = 1 - f a s  calculated from Eq. 22. f The apparent 
volume of distribution referenced to the concentration of unbound 
glucuronide in the plasma of the slowly equilibrating compartment, 
T', in liters, where VT'P = vpU(kM,T'/yPYkT'.M). 
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Table VI-Renal Clearance of Trichloroethanol Glucuronide 
at Various Dose Levels of Trichloroethanol 


10.0 


Observed 
Glucuronide 


Trichloroethanol Clearance, 
Dog (Weight, kg.) Dose, mg./kg. ml./min.- 


A 
(16) 


10 
50 


139 
143 


B 
(18.6) 


10 
25 


100 


256 
256 
128' 


C 
(10) 


10 
50 


100 
176 
17 


130 
130 
60s 
6ob 


203 
203 
lOl* d 


- .  
50 


100 
150 l O l b  I- 


I 
2 
= 0.1 
W a Observed clearance equals percent dose er milliliter plasma/ ercent 


dose per minute in urine, as obtained from t fe  slope of plots of gkcuro- 
nide as percent of trichloroethanol dose excreted into urine per minute 
plotted against the glucuronide as percent of trichloroethanol dose per 
milliliter of plasma. * A t  the lower concentrations of lucuronide in 
plasma, i.e.. close to the origin in the plots specified in hotnote a the 
data follow the straight line drawn through the data for the lower doses 
of 10-50 mg./kg. of trichloroethanol. The data at the higher concentra- 
tions of glucuronide in the plasma fall below this line and become linear 
at a new and lower slope from which these clearances are estimated. 
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Figure 20-Semilogarithmic plot of blood concenrratiotrs of chloral 
hydrate (A), trichloroethatrol (A), and trichloroethatiol glucuronide 
(0) in terms of peak height ratio against rime for a dose of 500 mg. 
of chloral hydrate (42 mg./kg.) it1 Dog C. A peak height ratio to the 
internal standard, clrlorobutanol, of 1.0 is equivalent to 4.3 mcg. 
chloral hydrate, 8.4 mcg. trichloroethanol, or 18.3 mcg. irichloro- 
ethanol glucuronide/ml. whole blood. 


and tubular secretion at the studied glucuronide dosage of 38 mg.1 
kg. 


The glucuronide was distributed into another small compartment 
of apparent volume, I ' T ~ ~ Y  (Table V). The slow rate of drug return 
to this compartment was necessary to fit the blood and urine data 
from 1.5 to 12 hr. after glucuronide dosage (Figs. 17 and 18). 


Analyses of the data for glucuronide formed on trichloroethanol 
dosing in all dogs demanded two compartments between TCEB and 
TCE-GB (Scheme V) to fit the lag time in glucuronide appearance in 
the blood and the broad maximum that occurred in the glucuronide 
blood level-time curves (Figs. 3,6,9-12,14). The rate constant kL1.M 
(Table I) from the studies on trichloroethanol administration was 
remarkably similar to kT'.,w (Table V) on glucuronide adrninistra- 


tion. It may be conjectured that the compartment T' for intra- 
venously administered glucwonide represented the hepatic uptake 
or binding of a small fraction of circulating glucuronide and kTf.M 
was the rate constant for release of this sequestered glucuronide 
from liver back to blood. 


The renal clearances of trichloroethanol glucuronide declined with 
the higher glucuronide concentration in blood that resulted from 
the higher doses of trichloroethanol (Table VI). Such clear,ances 
were obtained from the slopes of plots of glucuronide as percent of 
the trichloroethanol dose excreted into the urine per minute against 
the glucuronide as percent of this dose per milliliter of plasma, 
These clearances are theoretically the product of the microscopic 
rate constant for renal excretion of glucuronide, kM.". referenced to 
total amounts of glucuronide in the plasma and the apparent volume 
of distribution of the central compartment, V P ,  which is also refer- 
enced to the drug concentration in the plasma (13) and may be ob- 
tained from V p  in Table V by a rearrangement of Eq. 36. The de- 
crease of these clearances with higher blood levels of glucuronide 
can be assigned to either a lowering of the apparent volume of 
distribution of the central compartment for glucuronide or a de- 
crease in the kM.u factor for renal excretion of the glucuronide at 
the higher blood levels. Since the latter is consistent with the claim 
that a tubular secretory pathway is saturable for carboxylates and 
other anions (43 ,  it is the preferred explanation. 
These decreased glucuronide clearances and the previously dis- 


cussed lowered rate constant kB,L for the loss of trichloroethanol and 
glucuronide with increased trichloroethanol dose readily explain the 
observed retarded time of appearance of maxima in glucuronide 
blood levels at the higher doses of trichloroethanol (Figs. 9 and 10). 


Renal and Fecal Elimination of Mchloroethanol as Its Glucuro- 
nide-The excretion of free. unmetabolized trichloroethanol in feces 
and urine accounted for less than 3 z  of the administered dose. 
Essentially, the drug was excreted in the urine as the glucuronide. 
The average amount of trichloroethanol found in fecal samples col- 
lected between 0 and 12 hr. after trichloroethanol administration 
for 12 experiments was 0.3 z of the dose and ranged from 0 to 1.5 z. 
No glucuronide was found in the feces in these experiments. A 


Table VII-Effect of Trichloroethanol Dose on Bile Flow Rate 
and Biliary Secretion of Trichloroethanol Glucuronide 


Total 
Percent Percent of 
D W  D W  


Dose, Bile Flow, Excreted in Excreted as 
mg./kg. Minutes ml./hr. Interval Glucuronide 


1 1 . 9  60 
120 
180 
240 


1 .5  0.35 
0.27 I . 8  


1 .8  
1 . 7  


0 .08 
0 .05  


0 .75  
4 6 . e  60 


120 
180 
240 


2.5 
2.1 


0.76 
0.56 
0.21 
0.07 


1.94 
2.00 
0.85 
0.28 
0 .08  
0.07 


1.20 
1.57 
0.34 
0.17 
0.09 


1.60 


5.22 


3.37 


1.8 
1.7 


5 o b  60 
120 
180 
240 
300 
360 


3.8 
3 . 8  
3.0 
2 . 4  
1 .7  
4 . 3  


low 60 
120 
180 
240 
300 


6 .7  
6 . 2  
2 . 0  
1.7 
1 .o 


Weight of dog was 13.0 kg. b Weight of dog was 9.6 kg. 
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mean of 1.5 z of the total dose was found in the urine as uncon- 
jugated trichloroethanol in 27 experiments. The negligible amounts 
of fecal elimination of trichloroethanol and its metabolites and 
urine elimination of trichloroethanol permitted these routes to be 
ignored in the pharmacokinetic modeling. Any significant amount 
of trichloroethanol or its glucuronide excreted in the bile must be 
significantly reabsorbed, with the glucuronide being readily 
hydrolyzed; i.e.. an enterohepatic shunt could be postulated. The 
highly lipid-soluble trichloroethanol is undoubtedly extensively 
reabsorbed from the renal tubules and subsequently glucuronidated. 


A variable fraction (lO-20%) of doses of trichloroethanol could 
not be accounted for in cumulative urine and fecal assays and most 
probably was eliminated oiu other routes (e.g., saliva, sweat, and 
breath), which is to be expected for any low molecular weight 
alcohol. It is also possible that a small fraction of trichloroacetate 
was produced and was unavailable for assay because of its tight 
binding to tissues. 


Bilisry seaetfon of Mchloroethand and Its c~mmmide--when 
samples of the bile were assayed from two different dogs adminis- 
tered trichloroethanol, significant biliary concentrations of the 
glucuronide were obtained. Semilogarithmic plots of the concentra- 
tion of trichlorethanol and its glucuronide in blood and the glucu- 
ronide in bile against time are given in Figs. 14 and 15 for the two 
experiments. 


Maximum biliary concentrations of the glucuronide were 60-8s 
times the concentrations in whole blood (30-42.5 times the plasma 
concentration) in the first dog (Fig. 14) for doses of 11.5 and 46.0 
mg./kg. However, trichloroethanol concentrations in bile were much 
less and did not exceed 2.5 times the trichloroethanol blood con- 
centrations so that the total trichloroethanol excreted by this route 
was not of practical significance. 


When the second dog was dosed with 50 mg./kg. of trichloro- 
ethanol, the maximum biliary glucuronide concentrations were again 
greater than 60 times the blood concentration for a SO-mg./kg. dose 
of trichloroethanol. However, an increase of the trichloroethanol 
dose to 100 mg./kg. did not increase the biliary concentration of the 
glucuronide (Fig. 15). which was only Wfold that of its blood con- 
centration. This apparent inhibition of biliary trichloroethanol 
glucuronide secretion was concomitant with a slowed loss of tri- 
chloroethanol and its glucuronide from the blood (Fig. IS), phe- 
nomena which seem to be common to the higher trichloroethanol 
doses. (See ~ B , L ,  values at various doses in Table I.) 


The inhibition by chloral hydrate of the biliary secretion in rats 
of indocyanine green (a nonmetabolized dye used to evaluate 
cardiac function) and bilirubin glucuronide was previously reported 
(40). Doses estimated at 50-100 mg. chloral hydrate/kg. were in- 
hibitory while 10-fold smaller doses had no effect. 


Guarino and Schanker (38) reported saturation of biliary secre- 
tion of probenecid and its glucuronide at a dose of 0.18 mM/kg. 
The dose of trichloroethanol required for the same effect in these 
experiments was 0.67 mM/kg. 


A compilation of the bile flow rates and percentages of the initial 
dose excreted as the trichloroethanol glucuronide in bile within the 
specified time intervals is given in Table VII. The data show that 
bile flow rate increases as a function of increasing trichloroethanol 
dose. This chloretic effect was previously reported for chloral 
hydrate (46) and for probenecid (38). 


About 5 x of the dose was biliary excreted as the glucuronide in 
the total interval studied. This was consistent with the data of Owens 
and Marshall (6), from which it was calculated that about 8z of 
an administered dose was excreted in the bile within 3-4 hr. after 
intravenous administration of trichloroethanol. 


Flnumacokinetica of Trichloroacetic Add-The apparent dis- 
position half-life for both 0.1- and 1.0-g. doses of trichloroacetic 
acid as the sodium salt in the dog was 75 hr., which was similar to 
that in man (47) (Fig. 19). No trichloroacetic acid was found in a 
pooled IOaay fecal sample. The apparent volume of distribution of 
100 and lo00 rng. of sodium trichloroacetate in the central compart- 
ment referenced to the concentration in whole blood may be cal- 
culated (Eq. 24) from the time zero estimate of blood concentration, 
[A& (Fig. 19), as 3.6 1. This value is consistent with the 2.0-3.5 1. 
(in a 10-kg. dog) or 3.0-5.3 1. (in a 15-kg. dog) of extracellular body 
water (IS), even when a 0.40-1. volume for red blood cells is sub- 
tracted. However, since the protein binding of trichloroacetate is in 
the range of 70-5Qx (9, the apparent volume of distribution of tri- 
chloroacetic acid referenced to unbound drug in the plasma will 
greatly exceed even the total body water (7.5 1. for a 15-kg. dog). 


This large value may be the result of the binding of trichloroacetate 
anions in the readily available tissues and may be the explanation for 
the comparatively slow elimination of such a highly ionized drug. 


The apparent volumes of distribution of 100 and loo0 mg. of 
sodium trichloroacetate in the total compartments of distribution, 
i.e., the central compartment plus the more slowly equilibrating 
tissues, were calculated from the estimates of blood concentrations 
(Fig. 19) after the linear extrapolation of the terminal points of the 
semilogarithmic plots of Fig. 13 to zero time and were 7.9 and 6.8 I., 
respectively, referenced to drug concentration in the blood. 


Computer analyses of the data of Fig. 19 in accordance with a 
model similar to that given in Scheme 111 (except that AT’ = 0 and 
kB.u are substituted for 6) provided estimates for the microscopic 
rate constants referenced to blood concentrations for trichloro- 


and k ~ . u  = 0.22 hr.-1. The overall elimination rate constant, k., 
calculated from Eq. 67 (where kB.u is substituted for the designated 
~ B . Y )  was 0.0105 hr.-l and was consistent with the value obtained 
from the terminal slopes of the plots of Fig. 19. It was also markedly 
similar to the value given for man, k.  = 0.0094 hr.-’ (47). 


pbarmneddwtlca of Cbloral Hydrate-conversion of chloral 
hydrate to trichloroethanol in the dog was rapid and quantitative. 
Blood levels of trichloroethanol (5.5 + 0.2 mg./ml.) and its glucu- 
ronide (36.2 f 0.2 mg./ml.) 100 min. after intravenous administra- 
tion of 500 mg. chloral hydrate (42 mg./kg.) were identical (Fig. 20) 
to those obtained after an equimolar dose of trichloroethanol was 
given to the same Dog C. The majority (97.5%) of the initial 
amount of chloral hydrate in blood was lost rapidly, with a half-life 
of 3 min. ( ~ C H . T C E  = 0.23 min,-*). The semilogarithmic plot was 
linear for more than five half-lives. The remainder (2.5 %) showed a 
slower decline ( t i / ,  = 35 min.). 


The appearance of trichloroethanol in the blood was rapid, with 
a half-life (3 min.) that corresponded to that for loss of chloral 
hydrate. Maximum trichloroethanol blood levels were observed 
12 min. after chloral hydrate administration (Fig. 20). This is con- 
sistent with the claim that conversion to trichloroethanol of the 
chloral hydrate precursor occurs in all body tissues (48). Only a 
small fraction of the dose shows a deviation from the linear semi- 
logarithmic plot, which can be assigned to a slower return from 
tissues of equilibration. 


The apparent volume. of distribution of the 500 mg. of chloral 
hydrate in the central compartment referenced to concentration in 
whole blood may be calculated (Eq. 24) from the time zero estimate 
of blood concentration [AB], (Fig. 20) as 11.5 I., which is very much 
greater than the values for trichloroethanol (Table I) and its 
glucuronide (Table V). This undoubtedly implies that chloral hydrate 
undergoes a more rapid diffusion into, or a more rapid binding with, 
tissues other than blood during first cycles in the body. No meas- 
urable concentrations of trichloroacetic acid were found in blood 
samples. 


The percent of the dose of chloral hydrate excreted in urine as the 
glucuronide after 2 hr. (46z) was identical to that observed with an 
equimolar dose of trichloroethanol. In the same period of time, 
l.56x of the total dose as unchanged chloral hydrate and 0.27 x as 
trichloroacetic acid were also found in urine. 


eCetiC acid pharmacokinetics, Where kB.T  = 0.079. kT,B = 0.073, 
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GLC Assay for 5-Fluorouracil in Biological Fluids 


JORDAN L. COHEN’ and PATRICK B. BRENNAN 


Abstract 0 A rapid, sensitive GLC method of analysis for 5-fluoro- 
uracil was developed to follow the disposition of the drug in patients 
on 5-fluorouracil therapy. The free drug is removed from aqueous 
biological samples in a single extraction step, derivatized by silyla- 
tion, and chromatographed using flame-ionization detection. An 
internal standard is utilized to quantitate the results. The procedure 


is rapid, sensitive (0.2 mcg./ml. plasma), specific for the intact 5- 
fluorouracil molecule, and suitable to support pharmacokinetic 
studies of 5-fluorouracil in animals and humans. 


Keyphrases 0 5-Fluorouracil-GLC analysis in biological fluids 0 
GLC-analysis, 5-fluorouracil in biological fluids 


Detailed pharmacokinetic studies that would provide 
information useful to the clinician would be desirable 
to optimize cancer chemotherapy with 5-fluorouracil. 
The drug is still given empirically by many different 
dosage schedules, with some recent evidence suggesting 
that the oral route of administration differs in activity 


and toxicity from the intravenous route (1). Disposition 
studies performed previously were limited by the absence 
of a rapid, sensitive method of analysis capable of de- 
termining free 5-fluorouracil in large numbers of bio- 
logical samples. Studies using radioactively labeled 
drugs showed wide variability due to extensive metab- 
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Figure %Standard curve of resorcinol monoacetate concentration 
versus peak height ratio. 


statistical data are shown in Table 1. The sample cream base 
formulated was composed of sorbitan monolaurate, glycerin, 
polyoxyethylene (20), glyceryl monostearate, hexachlorophene, 
hydrocortisone acetate, propylene glycol, cetyl alcohol, and col- 
loidal sulfur. The statistical evaluation of the results indicates that 
the method had no bias at any of the three levels of resorcinol 
monoacetate. The average coefficient of variation was 1.4Ox. For 16 
replicate samples, the average recovery was 99.76%. 


A typical chromatograph of the standard mixture is shown in 
Fig. 1, and a chromatograph obtained from the extract of the 
dermatological preparation is shown in Fig. 2. The correlation 
coefficient for concentration of resorcinol monoacetate cersus peak 
height ratio (resorcinol diacetate/orcinol diacetate) was found to be 
1.025. A calibration curve for milligrams of resorcinol monoacetate 
versus peak height ratio is shown in Fig. 3. 


The statistical results indicate that the method is accurate and 
reproducible for quality control of resorcinol monoacetate in 


Table II-Determination of Resorcinol Monoacetate in 
Commercial Reparations 


Numberof Label 
Sample Samples Claim, % Found, Z (Z) 


Cream I 20 3.0 3.03 
Lotion I 12 3.0 3.09 
Cream II 16 3.0 3.04 
Lotion 11 9 3.0 2.88 


dermatological preparations. 
This method has been used in these quality control laboratories 


for over a year. The results obtained during this period are shown in 
Table 11. 
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GLC Analysis of Hornatropine Methylbromide in 
Tablets and Elixirs 


B. F. GRABOWSKI*A, B. J. SOFTLYt, B. L. CHANG*, and W. G. HANEY, Jr.* 


Abstract 0 A GLC assay was developed for the determination of 
homatropine methylbromide in both tablets and elixirs. The method 
allows for assaying the drug in the presence of other tropine de- 
rivatives and the usual constituents of tablets and elixirs. An aque- 
ous suspension of tablets or a sample of elixir was adjusted to pH 
2.2 with hydrochloric acid buffer USP and extracted with ether. 
This preliminary extraction of the buffered sample removes inter- 
fering substances and excludes any hydrolyzed material in the 
sample from analysis. The homatropine methylbromide was then 
hydrolyzed by adding 10% sodium hydroxide solution to pH 10-11 
and boiling the solution for 20 min. After acidification with hydro- 
chloric acid buffer, the resulting mandelic acid was extracted with 


ether. The trimethylsilyl derivative of the mandelic acid resulting 
from hydrolysis was then chromatographed, with the trimethylsilyl 
derivative of 2-naphthol as the chromatographic standard. A blank 
elixir preparation with added homatropine methylbromide (0.12 
mg./ml.) assayed with an accuracy of 99.12% of the calculated 
value. This procedure was applied to various commercial prepara- 
tions containing homatropine methylbromide. with reproducible 
results ranging from 97.59 to  100.86% of the labeled amount of 
homatropine methylbromide. 


Keyphrases 0 Homatropine methylbromide tablets and elixir- 
GLC analysis IJ GLC-analysis, homatropine methylbromide 
tablets and elixir 


Many esters of the amino alcohol tropine exhibit 
strong anticholinergic activity (1) and, as a result, are 
found in several pharmaceutical preparations. Analysis 
of both naturally occurring and semisynthetic deriva- 


tives, particularly those contained in pharmaceutical 
preparations, has been of interest to the pharmaceutical 
chemist for many years (2). Several of the official pro- 
cedures (3) for the analysis of these compounds, how- 
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ever, lack both sensitivity and specificity (4, 5).  Because 
of these deficiencies, many procedures for the analysis 
of tropine derivatives have been developed (6, 7) and 
one of these (8) has been adopted as the official analysis 
procedure for atropine sulfate in various dosage forms 
(9). 


Analytical methods utilizing spectrophotometry (lo), 
TLC (1 l), and GLC (12) appear to provide useful pro- 
cedures for the analysis of these compounds. Of these 
methods, the latter would be the most useful for the 
analysis of tropine derivatives since it has the potential 
advantages of speed, sensitivity, and specificity. 


Quaternary ammonium salts of tropine esters would, 
however, present difficulties in GLC analysis. Analysis 
of quaternary ammonium salts uiu GLC is limited by 
the fact that chromatographic characteristics of per- 
manent cations are unsuitable for precise quantification 
(13). Additionally, because of the polarity of these salts, 
their solubility in organic solvents is low and, therefore, 
both their preliminary extraction from pharmaceutical 
dosage forms and their purification are difficult. These 
problems would be applicable to the GLC analysis of 
homatropine methylbromide, which is contained in a 
number of pharmaceutical preparations. 


Since homatropine methylbromide is a semisynthetic 
product, it would be desirable to assay for the drug in 
the presence of closely related natural products, e.g., 
atropine and scopolamine, and the usual constituents 
of the pharmaceutical dosage forms in which it is con- 
tained. Furthermore, the assay should be specific for 
the intact drug molecule and be independent of the 
hydrolysis products of homatropine methylbromide, 
i.e., tropine methylbromide and mandelic acid. 


With these considerations in mind, a GLC procedure 
for the assay of homatropine methylbromide was 
developed which is based upon the amount of mandelic 
acid produced upon its hydrolysis. This procedure was 
applied, with satisfactory results, to several commercial 
tablet and elixir preparations containing homatropine 
methylbromide. 
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EXPERLMENTAL 


Materials-N,O-Bis(trimethylsilyl)acetamidel was used as both 
the silylating solvent and the silylating agent. Hydrochloric acid 
bufSer (pH 2.2) was prepared according to the procedure outlined in 
USP XVIII (14). Homatropine methylbromide*, dJ-mandelic acid*, 
and 2-naphthol4 were used (the latter two melted at reported tem- 
peratures after recrystallization). Standard solutions used in analy- 
ses were prepared by diluting 60.0 mg. hornatropine methylbromide 
to 100 ml. with distilled water and by diluting 20.7 mg. dJ-mandelic 
acid and 60.0 mg. 2-naphtho1, respectively, to 100.0 ml. with anhy- 
drous ether6. Both tablets’ and elixirs7 containing homatropine 
methylbromide were used for analysis. 


Apparatus-A gas chromatograph* with isotherpal control, 
flame-ionization detector, and an electronic digital integratoro was 
used. The columns were 1.52 m. long, spiral-shaped, borosilicate 
glass tubing (3.2-mm. id.) packed with 15% phenylmethyl silicone 


- 


1 Silylation grade, Pierce Chemical Co., Rockford. Ill. 
* Reference standard, NF XIII. 
8 Baker grade, J. T. Baker Chemical Co.. Phillipsburg, N. J. 
4 Certified, Fisher Scientific Co.,,Fair Lawn, N. 1. 
6 Ether anhydrous, Fisher Scientific Co., Fair Lawn, N. J. 
6 Commercial products. 
7 Dia-Quel elixir and placebo elixir, supplied by Marion Laborato- 


ries, Kansas City, Mo. 
6 Varian model 575. 
9 Varian model 475. 


I B 


2 4 6 8 
MINUTES 


Figure 1-Chromatogmm trace of the silyl derivatives oS: A, mandelic 
acid, 0,207 mg./ml.; B, tropic acid, 0.60 mg./ml.; and C, 2-naphrhd. 
0.6 mg.lml. Conditions were as listed in the text. 


on 60-&0-mesh silanizd, acid-washed, flux-calcined diatomite” 
which, prior to use, was conditioned at  275’ for 24 hr. The injector 
port (fitted with a glass injection sleeve), column, and detector tem- 
peratures were 195, 160, and 210°, respectively. The gas flow rates 
were: hydrogen, 40 ml./min.; compressed air, 180 ml./min.; and 
nitrogen as the carrier gas, 50 ml./min. 


Procedure-Chromatographic SrandPnis-Mix together 1 .O ml. 
each of the dJ-mandelic acid and 2-naphthol standard solutions in a 
cone-shaped vial11 fitted with a Teflon septum. Evaporate the solu- 
tion to dryness with a stream of dry nitrogen, and add 200-pl. of 
the silylating agent to the residue contained in the vial. Cover and 
allow to stand at room temperature for 20 min., with occasional 
shaking. Inject an appropriate volume of the solution (1-3 pl.), 
on column, into the chromatographic system. Obtain the peak 
areas A, for the trimethylsilyl derivative of dJ-mandelic acid and 
An for the 2-naphthol derivative. Calculate R, for the chromatogram 
as follows: 


R 0 AmIAn (Es. 1) 
Tablets-Weigh and finely powder not less than 20 tablets con- 


taining hornatropine methylbromide. Weigh accurately a portion 
of the ppwder, equivalent to about 0.60 mg. of homatropine methyl- 
bromide, and transfer with the aid of 10 ml. of the hydrochloric 
acid buffer to a separator. Add 10 ml. of hydrochloric acid buffer, 
and extract with three 20-ml. portions of anhydrous ether, dis- 
carding the ether extracts. Adjust the solution to pH 10-11 with 
10% sodium hydroxide solution, and boil the solution on a hot 
plate for 20 min. Cool to room temperature, adjust tbe solution to 
pH 2.2 with hydrochloric acid buffer, and transfer to a separator. 
Extract the solution with three 20-ml. portions of anhydrous ether, 
receiving the extracts in a flask. Dry the combined ether extracts 
over anhydrous sodium sulfate and filter. Transfer the combined 
ether extracts to a cone-shaped vial, and evaporate to dryness with 
a stream of dry nitrogen. Add 200 pl. of the silylating agent to the 
residue contained in the vial, and proceed as directed under Chro- 
matographic Standards beginning with: “Cover and allow to 
stand . .” Calculate Ry for the chromatogram as follows: 


R. = A,IA, (rn. 2) 
where A, @ the peak area for the trimethylsilyl derivative of man- 
delic acid and A,, is the peak area for the derivative of 2-naphthol. 


1oQF-1 on Gas Chrorn Q, Applied Science Labs., Walnut Creek, 


11 Reacti-Vials, Pierce Chemical Co., Rockford. Ill. 
Calif. 
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Tabie I-Assay of Commercial ffomatropine Methylbromide 
preparations 


Homatro- 
pine“ 


Other Known Methyl- Standard 
Sample Components bromide N Deviation 


Elixir A Opium tincture, pectin, 98.64 10 2.94 


Elixir B Phenobarbital, preser- 97.59 8 2.86 


Tablet A Phenobarbital 99.46 9 - 1.80 
Tablet B - 100.86 8 2.10 


preservatives 


vatives 


1 
1 I I I I 


0.5 1.0 1.5 2.0 2.5 
HOMATROPINE METHYLBROMIDE, mg. 


Figure 2-Standard curue. RU versus concentration. 


Calculate the quantity, in milligrams, of homatropine methyl- 
bromide in the sample as follows: 


W, = W, - R, 2.43 
R. (Eq. 3) 


where W. is the weight, in milligrams, of homatropine methyl- 
bromide in the sample and W. is the weight, in milligrams, of d,l- 
mandelic acid in the standard solution. 


Elixir-Transfer a volume of elixir equivalent to 0.60 mg. of 
homatropine methylbromide to a separator. Add 20 ml. of the 
hydrochloric acid buffer, and extract with three 20-ml. portions of 
anhydrous ether, discarding the ether extracts. Proceed as directed 
under Tablets, beginning with: “Adjust the solution. . . .” 


RESULTS AND DISCUSSION 


Studies of the hydrolysis of homatropine methylbromide indicated 
both the conditions and minimum time necessary to assure its 
complete hydrolysis. The present studies of the hydrolysis of homa- 
tropine methylbromide in 10% sodium hydroxide solution at 
various saponification times showed that complete hydrolysis is 
achieved after 8 min. Solutions of homatropine methylbromide in 
the hydrochloric acid buffer (pH 2.2) were also studied. After 30 
min., no mandelic acid was detected in the buffer solution, which 
suggests that hydrolysis of the salt during the preliminary extraction 
process is negligible. These results support the work of Patel and 
Lemberger (15) on the stability of tropine esters in alkaline and 
acidic media. 


Ether extraction of the acidic solution prior to hydrolysis re- 
moves many potentially interfering substances. Mandelic acid, 
which would be liberated as a result of any prior hydrolysis of 
homatropine methylbromide in the dosage form, does not inter- 
fere with the results of the assay since it is removed by ether ex- 
traction. This assay, therefore, can also be used to study the hydro- 
lytic stability of the drug. In addition, other possible components of 
the dosage forms analyzed, such as benzoic acid and phydroxy- 
benzoate esters, are also removed by this ether extraction. 


Other possible contaminants, such as the methylbromide deriva- 
tives of atropine and scopolamine, are quantified in the chromato- 
graphic scheme. For example, solutions containing both atropinium 
methylbromide and homatropine methylbromide were analyzed 
by this procedure. The results indicate that the retention time of the 
trimethylsilyl derivative of tropic acid relative to that of the tri- 
methylsilyl derivative of d,l-mandelic acid in this system is 1.54, 
and the resolution factor, calculated according to the method of 
Gadzinowicz (l6), is 4.60. 


Silylation rates of d,l-mandelic acid and 2-naphthol at room tem- 
perature were also studied. The results indicate that the maximum 
quantity of the trimethylsilyl derivative is obtained after 9.5 min. 
These derivatives were also found to be stable at room temperature 
for a least 24 hr. when protected from light and moisture. 


Studies of liquid stationary phases on the column packing ma- 
terial indicated that a relatively high charge (15%) of the liquid 
stationary phase was necessary to obtain proper separation of the 


O Expressed as percent of labeled amount. 


trimethylsilyl derivatives of tropic and d,l-mandelic acids. While 
this charge leads to less than optimal chromatographic parameters 
(asymmetry: 1.20; tailing: 1.20) (17), the resulting baseline 
separation (Fig. 1) allows for accurate peak area determinations. 


A plot of R. and concentration of homatropine methylbromide, 
in milligrams, for the analysis of placebo elixir containing added 
amounts of homatropine methylbromide was constructed and was 
found to be linear (Fig. 2). This calibration curve should be con- 
structed and used to  determine the amount of homatropine methyl- 
bromide analyzed by this procedure. 


Samples of placebo elixir containing added amounts of homa- 
tropine methylbromide were analyzed, with reproducible results, 
on successive days by the procedure outlined here. The mean calcu- 
lated value of the results was 99.12% of the added homatropine 
methylbromide, with a coefficient of variation of 2.6%. Several 
commercial tablet and elixir preparations were also assayed by this 
procedure, and the results are reported in Table I. In all cases, the 
trimethylsilyl derivative of tropic acid was absent, and there were 
no interfering peaks in the chromatogram. 


In conclusion, a GLC determination of the mandelic acid liber- 
ated by the saponification of homatropine niethylbromide was 
developed and is proposed as an assay for the drug contained in 
both tablets and elixirs. The assay is specific for the determination 
of the mandelic acid esters of quaternary ammonium salts, and the 
usual components of tablets and elixirs do not interfere. This pro- 
cedure was applied, with satisfactory results, to several tablet and 
elixir preparations containing homatropine methylbromide 
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Analysis of Trisulfapyrimidines by 
High-pressure Liquid Chromatography 


RAYMOND B. POET’ and HENRY H. PU 


AbstrPd 0 The application of high-pressure liquid chromatography 
to the separation and analysis of trisulfapyrimidines in pharma- 
ceutical dosage forms is demonstrated. The preparation of samples 
of both tablet and suspension dosage forms is simple and rapid. 
The chromatographic conditions chosen optimize the separation of 
sulfadiazine, sulfamerazine, and sulfamethazine and allow quan- 
titative analysis of these trisulfapyrimidines in a reasonable time. 


Key phrases 0 Trisulfapyrimidine formulations-analysis, high- 
pressure liquid chromatography 0 Sulfa drugs, sulfadiazine- 
sulfamerazine-sulfamethazine-separation, analysis, high-pressure 
liquid chromatography 0 High-pressure liquid chromatography- 
analysis, trisulfapyrimidine formulations 


The separation and quantitative analysis of sulfadia- 
zine, sulfamerazine, and sulfamethazine in pharmaceuti- 
cal dosage forms present a difficult problem to the 
pharmaceutical analyst. Current methods and proposed 
modifications of them are slow and tedious. The USP 
method (1) uses a paper chromatographic separation 
prior to colorimetric determination, by means of the 
Bratton-Marshall reaction, of the eluted individual 
sulfonamides. Modifications proposed by Kunze and 
coworkers (2, 3) require extreme care for satisfactory 
results. Banes and Riggleman (4 )  recently proposed a 
hybrid assay for trisulfapyrimidine preparations in 
which total sulfonamides are measured colorimetrically 
by the Bratton-Marshall procedure. Sulfadiazine is 
then measured colorimetrically by means of its specific 
reaction with thiobarbituric acid; sulfamethazine is 
separated from its homologs by column partition 
chromatography and is then determined by UV spec- 
trophotometry. The third sulfonamide is obtained by 
difference. A qualitative chromatogram is used to con- 
firm that only the three sulfonamides are present. 


The determination of trisulfapyrimidines in dosage 
forms by high-pressure liquid chromatography was 
first reported by Poet and Pu (5).  A recent paper by 
Kram (6) reported the conditions for the separation of 
a number of sulfapyrimidines. The determination of 
trisulfapyrimidines by high-pressure liquid chromatog- 
raphy overcomes or circumvents many shortcomings 
of the previously reported methods. The preparation 
of samples is simple and rapid, and separation and 
analysis times are reasonably short. 


EXPERIMENTAL’ 


M a e  Phase and Reagents-The mobile phase, 0.2 M disodium 
phosphate solution adjusted to pH 6.0 with 85% phosphoric acid, 
was prepared fresh daily. Sodium hydroxide and sulfuric acid solu- 
tions ( I  N) were required. 


Internal Standard Solution-The stock internal standard solution, 
lz00 mcg./ml., was prepared by first dissolving 120 rng. of sulfa- 
dimethoxine in 5 ml. of 1 N sodium hydroxide solution and then di- 
luting to 100 ml. with distilled water. 


Trjsulfapyrimidine Stock Standard Solution-The trisulfapyrimi- 
dine stock standard solution was prepared by first dissolving 120 
mg. each of sulfadiazine, sulfamerazine, and sulfamethazine in 5 
ml. of 1 N sodium hydroxide solution and then diluting to 100 ml. 
with distilled water. This solution contained each of the trisulfa- 
pyrimidines a t  a concentration of 1200 mcg./ml. 


Standard Curve Solutions-These solutions were prepared by 
suitable dilution of the stock standard solution with distilled water. 
They contained each of the trisulfapyrimidines at a concentration 
between 108 and 132 mcg./ml. and the internal standard at a con- 
centration of 120 mcg./ml. 


Preparation of Tablet Sample-For a singletablet analysis, the 
weight of a single tablet was determined. For a batch analysis, the 
weight of a pool of several tablets was determined and the average 
tablet weight was calculated. The sample was ground to a fine 
powder. An accurately weighed portion of the powdered sample, 
equivalent to 36 mg. of total trisulfapyrimidines, was transferred 
to a 100-ml. volumetric flask containing 10 ml. of I N sodium hy- 
droxide solution. The stoppered flask was shaken on a mechanical 
reciprocal shaker for 15 min. A total of 9 ml. of I N sulfuric acid 
was added while the flask contents were swirled. Some distilled 
water was added, followed by 10 ml. of internal standard solution 
and enough additional distilled water to make 100 ml. of solution. 
A portion of the well-shaken extract, transferred to a glassstoppered 
test tube, was centrifuged for 10 min. a t  2OOO r.p.m., and the super- 
nate was used for analysis. 


Preparation of !hspemsion Sample-A weight of well-shaken tri- 
sulfapyrimidine suspension, equivalent to 36 mg. of total trisulfa- 
pyrimidines, was transferred to a 100-ml. volumetric flask, and 10 
ml. of 1 N sodium hydroxide solution was added. Preparation of 
the sample was continued as described earlier for tablet samples. 


Conditions for Chromatographic Separation-The important fea- 
tures of the liquid chromatograph used were described in detail else- 
where (7, 8). The degassed mobile phase was passed through the 
cation-exchange column under a pressure of lo00 psig., to obtain a 
flow rate of 0.7-0.8 ml./min. a t  room temperature, until a stable 


~~~~ ~~~~~ ~ 


1 A DuPont liquid chromatograph (model 820) equipped with a UV 
monitor. an Infotronics integrator (Model 10-A&2), with digital print- 
out, and a DuPont packed “Zipax” SCX cation-exchange column, 1 m. 
long, 6.35-mrn. (0.25-in.) 0.d. and 2.1-mm. i.d., was used. The column 
contained a proxi.mately 6 g. of “Zipax” support, having about a I % 
loading of t i e  catlon-exchange polymer. b 
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Labile Triazinoindole Hydrates 


H. C. CALDWELL 


Abstract IJ Aqueous topical suspensions of two triazinoindoles 
in fine particle form produced crystals even when the protective 
colloid methylcellulose was added. These crystals were found to be 
monohydrates that readily lost water of hydration under mild heat, 
but they could be air milled with no water loss. One hydrate was 
formulated in suspension and found to be free of crystal growth for 
2 years. 


Keyphrnses IJ Triazinoindole hydrates, labile-formation, isolation 
from topical suspensions, effects of air milling and methylcellulose 
on crystal growth 0 Hydrates, labile-formation, isolation from 
topical triazinoindole suspensions, effects of air milling and methyl- 
cellulose on crystal growth Suspensions of labile triazinoindole 
hydrates-formation. isolation, effects of air milling and methyl- 
cellulose on crystal growth 


Over 90 hydrates are included in USP XVIII and 
N F  XIII. Four of these that readily lose water of hy- 
dration in warm dry air are atropine sulfate mono- 
hydrate, morphine sulfate pentahydrate, scopolamine 
hydrobromide trihydrate, and sodium acetate trihy- 
drate. These, like other official hydrates, are usually 
stored in tight, light-resistant containers. 


According to the USP and NF, a tight container 
protects the contents from contamination by extraneous 
liquids, solids, or vapors; from loss of the drug; and 
from efflorescence, deliquescence, or evaporation under 
ordinary or customary conditions of handling, ship- 
ment, storage, and distribution. It is also capable of 
tight reclosure. Thus, official hydrates properly pack- 
aged and stored should not lose moisture. Further, 
it is reasonable to assume that these hydrates exist as 
such in formulations. 


It is important to recognize that many official com- 
pounds form hydrates that readily lose water when 
dried under mild conditions. The review (1) on hydrates 
of alcohols and glycols is illustrative. These labile 
hydrates become particularly important when aqueous 
suspensions of slightly soluble, anhydrous chemicals 
are formulated, because these hydrates can produce 
large particles as they form (2). These large particles 
would have less surface area for a given dose, and the 
rate and extent of absorption could be markedly de- 
creased (3). Protective colloids might be expected to 
retard but not stop this transformation (2,4). 


This report presents a case history of suspension 
work on two triazinoindoles (I* and lIz) and their 
labile hydrates. Ravin et al. (4) recent:y described the 
physical-chemical evaluation of I. They reported that 
it is practically insoluble (0.008 mg./ml.), that it exists 
as two polymorphs, and that it forms a hydrate. 


The present tasks were to prepare and to evaluate 
formulations for oral and nasal use. The most stable 


~~ 


1 SK&F 30097. 
2 SKBF 21687. 
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polymorph of I was used, but it was not known then 
that I or I1 formed hydrates. 


EXPERIMENTAL. 


ParticleSize Reduction-The purified compounds were passed 
through a fluid energy miW. The products were sized with the 
Coulter counter'. 


Suspmdons-The milled chemicals were suspended in buffered 
vehicles containing a preservative and a protective colloid. 


Hydrate PreparationSmall batches of I-hydrate and 11-hydrate 
were made by suspending 5 g. of air-milled I and I1 in 750 ml. of 
distilled water and heating the suspensions overnight on the steam 
bath. The small anhydrous crystals were converted to long hydrate 
needles. Larger batches of I-hydrate were made by dissolving I in 
dilute hydrochloric acid and precipitating it with dilute sodium 
hydroxide solution. The suspension was stirred overnight a t  room 
temperature. Samples were collected and air dried at room tem- 
perature. 


X-Ray Diffraction ProcedureThe procedure employed was de- 
scribed (4) previously but was modified so that intensities were not 
measured by recording the time necessary to count a fixed number 
of particles. 


Thermal Work-A differential thermal analyzer6 and a thermo- 
gravimetric analyzers were used. Heat rates were 20 and 5"/min., 
respectively. A thermobalance' was used to follow weight loss as  
a function of temperature. 
Isolation of Hydrates from Topical Suspensions-Suspensions 


made with I and 11 were followed for chemical and physical changes 
at various storage conditions. Samples that appeared, by micro- 
scopic examination, to have completely changed from small to  
large particles were diluted with water, filtered, washed, and dried 
at room temperature. 


RESULTS AND DISCUSSION 


Suspensions of air-milled anhydrous I and 11 were found to pro- 
duce large crystals even in the presence of classical crystal growth 
inhibitors such as methylcellulose. To determine if hydrate forma- 
tion was responsible, it was necessary to isolate large crystals from 
I and I1 suspensions and compare them to crystals of authentic 
hydrates of I and 11. 


These data are reported in Tables I and 11. Both hydrates of I 
and both hydrates of I1 (Table 11) analyze as monohydiates. In 
the thermal gravimetric analysis, all hydrates start to lose weight 
at relatively low temperature and each loses weight equivalent to 
1 mole of water. As expected, the anhydrous forms do not lose 
wight. In the differential thermal analysis, the hydrate of I shows 
transitions at  about 108-117", which are not seen with the anhy- 


J Trost 'et mill. Helme Products, Inc., Helmetta. N. J. 
4 Model B 
6 Du Pont'9M). 
6 Du Pont 950. 


Perkin-Elmer TGS-I. 







Table I-Thermal Gravimetric Analysis (TGA) and Dflerential Thermal Analysis (DTA) Studies on I and I1 and Their Hydrates 
~ 


-W@t Loss by TGA- 
Num- Onsetof Endof Loss. 
ber Compound Description L o s s L o s s  z , DTA, Transitions . 
1 1  Air-milled base - - - - 0 
2 I-hydrate Isolated from topica! 34" 115" 5.94 117' 


- 192.5" 
- 190" 


171 " 
168 " 


167.5" - 189" 
191 " 


192" 
23' 


- 105" 125" 163" 
6 11 Alr-ded base - 
7 11-hydrate Isolated from topical 32" 118" 6.39 23s 


8 11-hydrate Prepared in warm water, 32" 104" 6.75 23b 100" 107.5" 126" 163O 


- 
suspension, 8v dried 
at room temperature 


air dried at room 
temperature 


3 I-hydrate Air-mill+ No. 2 52" 96" 5.7 108 " - 
4 I-hydrate Prepared in warm water, 50' 78" 5.9 112.5" - 169" - 


5 I-hydrate +-@ed No. 4 57 O 88" 5.9 111.5" - 170" - 
- 164.5" - - 0 - 


suspension, air dried 
at room temperature 


8v dried at  room 
temperature 


4 5.95 theoretical for monohydrate. b Exothem-others are endotherms. 8 6.54% theoretical for monohydrate. 


drous form, and the hydrate of I1 shows transitions at  about 105 
and 125", which are not seen with the anhydrous form. Thus, these 
data show that suspensions of I and I1 form hydrates even in the 
presence of protective colloids. X-ray diffraction patterns for I1 
and &hydrate are distinctly different, as Fig. 1 shows. X-ray dif- 
fraction patterns for I and I-hydrate were reported (4) to be differ- 
ent previously. Weight loss as a function of temperature was deter- 
mined. Samples were placed in the thermobalance, and percent 
weight loss was recorded after 15 min. a t  various temperatures. 
I-hydrate (air milled) lost no weight at 45", 1 at 50". 4% at  55", 
and all (5.9573 at 60". 11-hydrate lost no weight a t  25", 0.8% at  
28", 1.5% at 33", 6.2% at  45", and all (6.54z) at  60". Hydrous 
lactose USP lost no weight at 45" and 1 at 60", while hydrous 
sodium citrate lost no weight at 60". 


These data show that the hydrates of 1 and I1 are heat labile, 


and they explain why hydrate samples dried at 60" would be rapidly 
converted to anhydrous forms. 


Because the anhydrous forms of I and I1 were converted to hy- 
drates in suspension, it was reasonable to think that suspensions of 
hydrates would be stable with respect to crystal growth. But one 
other problem had to be solved before suspension work could 
begin. It had to be established that the hydrates of I and I1 could 
be air milled with no water of hydration loss. Three batches of I- 
hydrate were passed through the air mill with no water loss, as 
determined by Karl Fisher titration and weight loss on drying. 
Two batches of 11-hydrate treated in the same manner also did not 
lose water. 


Once it had been established that the large crystals formed in 
suspensions of I and I1 were the resp -?tive hydrates and that the 


Table II-Elemental Analysis of Hydrates 


Num- -Analysis, %- 
b e r o  Compound Description Calc. Found 


~ ~ ~ ~~ 


2 I-hydrate Isolated from topic$ C 59.39 59.45 
suspenslon, a r  dried H 6.98 6.92 
at room temperature N 23.W 23.02 


4 I-hydrate Prepared in warm water, C 59.39 59.25 
air dried at room H 6.98 6.89 
temperature N 23.W 23.09 


7 11-hydrate Isolated from topical C 56.72 56.82 
suspension, air dried H 6.22 6.26 
at room temperature N 25.44O 25.44 


8 11-hydrate Prepared in warm water, C 56.72 56.92 
air dried at room H 6.22 6.28 
temperature N 25.44O 25.61 


0 Numbers are from Table I. b Calculated for CI~HIONSOI.H,O. 
0 Calculated for CI:Hl,NsO.HD. 


Table III-I-Hydrate Suspension 
~ ~~ 


Ingredients 


I-hydrate (air milled) 
Meth ylcelluloseb 
Sodium citrate USP 
Potassium biphthalate, reagent 
Eucalyp to1 
Thimerosal N F  
Sodium chloride USP 
Water for injection, q.s. ad 
PH 
Freezing-point depression 


2.6580 
1 .Ooo 
0.200 
0.130 
0.020 vlv 
0.001 
0.810 


100.Ooo 
5.4 
0.61" 


0 Equivalent to 2.500% anhydrous 1. b Methocel, Type MC Pre- 
mium 15 cps. 
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Figure 1-X-ray diffraction patterns for anhydrous and hydrate forms 
of 11. 
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hydrates could be air milled, the author proceeded to pnpare sus- 
pensions with air-milled hydrate to see if crystal growth still oe 
curted. Work was done with I-hydrate, because at that time de- 
velopment work on 11 had been discontinued. A 2.5% suspension 
of air-milled I-hydrate was made (Table 111) and observed for 2 
years by microscopic examination and particle-size analysis. No 
evidetice for crystal growth was observed. 


This case history shows that suspensions are dynamic systems 
and that it is important to establish which forms are present a t  
equilibrium. It shows that careful work is needed to identify these 
forms and prove that they can be processed to specifications prior 
to suspension formulation work. In addition, this report shows 
that satisfactory suspensions can be made with these equilibrium 
form. 
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Bicyclic Thiadiazoles I: 
2- (2-Thienyl) -5-phenylthiazolo[ 2,3- b] -1,3,4-thiadiazole 


MAN M. KOCHHAR’, MOHAMMAD SALAHI-ASBAHI, and BYRON B. WILLIAMS 


AbrtrPct 2-(2-Thienyl)-S-phenylthiazolo(2,3-b]-I ,3,4thiadiazole 
was synthesized and evaluated for its diuretic action. The effect of 
&substitution on the ease of cyclization to a bicyclic system was 
studied. The carboxylic acid hydrazides were converted to dithio- 
carbazates which, on cyclization, gave 2-substituted 5-thio-l,3,4- 
ttiiadiazoles. Thiothiadiazoles were converted to the bicyclic system 
by the action of phenacyl bromide. 


KeyphrPses 0’ Thiadiazoles, bicyclic-synthesis of 2-(2-thienyl>S- 
phenylthiazolo(2,3-6]-1,3,4-thiadiazole, evaluated as a potential 
diuretic 0 2-(2-Thienyl)-5-phenylthiazolo[2,3-b]-1,3,4-thiadiazole- 
synthesis, screened as potential diuretic IJ Diuretics, potential- 
synthesis and screening of 2-(2-thienyl)-5-phenylthiazolo[2,3-bE 
1 ,&4-thiadiazole 


Thiazole and thiadiazole derivatives have been used 
successfully as diuretics (1-4). Synthesis of 2-acetyl- 
amino-l,3,4-thiadiazole-5-sulfonamide (acetazolamide) 
by Roblin and Clapp (1) led to many acetazolamide de- 
rivatives as potential diuretics (5, 6). Heterocyclic 
mono- and disulfonamides, particularly thiophene and 
benzothiophene analogs, thiazole and benzothiazole 
analogs, and thiazides have proved useful as diuretics 


These facts prompted us to synthesize a bicyclic 
thiadiazole to see the effect of the condensed thiadiazole 
and thiazole nucleus on diuretic activity. The compound 
synthesized exhibited significant diuretic activity. 


(7). 


DISCUSSION 


Treatment of 2-thiophenecarboxylic acid hydrazide (Iu) and 
phenylacetic acid hydrazide (Ib) with carbon disulfide and potas- 
sium hydroxide gave the desired unstable potassium dithiocar- 
bazates I I a  and IIb (8). Without further purification, these salts 
were cyclized with boron trifluoride etherate (8) to give 242- 
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thienyl)-5-thio-l.3,4-thiadiazole (“a) and 2-benzyl-5-thio-l,3,4- 
thiadiazole ( I l lb ) .  The IR of Compounds IIIa and IIIb showed the 
presence of the (C=S) band at 7.55 p, the (C-NH) band at 7.05 M, 
and (NH) vibration at  3.5 p, which is only compatible with thione 
Structures IVa and/or IV6 (Scheme I). 


Reaction of 1,3,4-thiadiazole-S-thiol with 2-halogeno ketones 
was found to be an effective route for the synthesis of a bicyclic sys- 
tem (V). 2-Substitution of the 1,3,4-thiadiazole nucleus had a pro- 
nounced effect on the ease. of ring closure. Compound Ilk with 
phenacyl bromide gave 2-(2-thienyl)-5-phenylthiazolo[2,3-6l-l,3,4- 
thiadiazole (V) using a 6-hr. reaction period (Scheme 11). Under the 
same conditions, 2-benzyl-5-thio-1,3,4-thiadiazole (1116) gave an 
intermediate 2-benzyl-5-(phenacylthio)-1,3,4-thiadiazole (VI) 
(Scheme 111). Increasing the reaction time to 24, 36, and 48 hr. re- 
sulted in the same product (VI). This observation can also be sub- 
stantiated by the reaction of 2-furyl-5-thiol-l,3,4thiadiazole with 
phenacyl bromide, which is not reported in this paper but was ob- 
served in this laboratory. This reaction also resulted in a compound 


R--CNHNHZ - R-CNHNHCSK -t 
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Design and Use of a Laboratory Extruder for 
Pharmaceutical Granulations 


FRANK W. GOODHART', J. RONALD DRAPER, and FRED C. NINGER 


Abstract 0 The purposes of this study were to design and build a 
laboratory extruder and to evaluate various factors relating to its 
use for the preparation of both wet and hot fusion granulations. 
The extruder used is a specially designed, single screw type, equipped 
with removable anvils, liquid addition ports, a heating jacket, and a 
thermocouple probe. A study of the extrusion of a typical antacid 
granulation was made. The variables studied were: (a)  type of 
granulating fluid, (6) type of endplate, (c)  number of mixing anvils, 
and (d)  screw speed. Measurements were made on torque, powder 
throughput, liquid required, and whether or not a uniform con- 
sistency was obtained. Mesh sizes of both milled and unmilled 
granulations were measured along with bulk densities of 30-40- 
mesh fractions. A series of wax fusion granulations was also made 
with varying jacket temperatures, and drug release rates for 1 and 
5 hr. were tested. 


Keyphrases 0 Extruder for pharmaceutical granulations-eval- 
uation of granulating fluid, endplate, mixing anvils, screw speed 0 
Granulation extruder-evaluation of granulating fluid, endplate, 
mixing anvils, screw speed 


Because of the large volume needed, conventional 
batch techniques of manufacture are no longer eco- 
nomically or practically feasible for a number of solid 
pharmaceutical products. Modern advances in tablet 
compression machinery have contributed to  high pro- 
duction rates. Advances in the processing of pharma- 
ceutical granulations have also been made but to a 
lesser extent. Use of fluid bed granulation and drying 
and of special mixers has become common. However, 
research and development groups have given relatively 
little attention to the continuous processing of solid 
dosage forms. 


Several examples of continuous tableting processes 
were reported (1, 2) and others are certain to exist 
within the industry. The continuous processing of 
aspirin tablets was described (l), and this method in- 
cludes: mixing, compaction in a Chilsonator, size re- 
duction, conveying, and compression. A continuous 
method of producing antacid tablets using the extrusion 
method of granulation was described (2). In this process 


- 
16 


Figure 1-Schematic diagram of laboratory extruder. Key: I ,  feed 
hopper: 2, screw; 3, endplate; 4 ,  pressure tratisducer well: 5 ,  tliermo- 
couple well: 6, heating and cooling jacket; 7, anoils; 8, jacket inlet 
ports; 9, jacket outlet ports; 10, liquid feedports; I I ,  screw coupling; 
12, bearings; 13, drive coupling: 14, base; 15, attaching bolt: and 
16, brace. 


the dry ingredients are mixed in a ribbon blender and 
conveyed automatically to  a hopper from which the 
material is metered into a Rietz extruder. Liquid is 
added to the dry material in the extruder where the 
granulation is mixed and blended to the proper con- 
sistency for extrusion. After extrusion, the wet granula- 
tion is dried automatically in Witte fluid bed driers and 
pneumatically conveyed to  a hopper and mill. Follow- 
ing size reduction, the flavor and tablet lubricant are 
metered into a constant stream of dried granulation. 
The material is transported to a mezzanine and dumped 
into large overhead hoppers above tablet machines. In 
this last example, the continuity of the process is broken 
since the finished granulation is not transported auto- 
matically to the tablet machines. 


The continuous operation of a tableting process con- 
sists of simply linking various parts of the basic pro- 
cedures which have customarily been used. The most 
critical aspect of the continuous processing described 
above was the mixing extruder step. While this process 
was well adapted to antacid granulations made cur- 
rently, it is not always possible to process other formula- 
tions by the extrusion method. Since it was desired to 
use extrusion processes for other products, smaller 
scale research and development equipment was re- 
quired. However, no equipment was available on a labor- 
atory or pilot scale that could be used for formulation 
or development work. Therefore, a special extruder- 
mixer was designed and built to  serve this function. 


The equipment desired was to be multipurpose, since 
both standard wet granulation formulations and hot 
fusions were to be made on a continuous basis. For wet 
granulations, a premixed dry powder would be fed to 
the extruder where liquid could be added and mixed 
thoroughly with the powder. A mass of the proper con- 
sistency would be extruded at the end of the mixing 
chamber. Wetting of the material in the extruder itself 
was deemed necessary so that a separate mixer need 
not be used prior to the extrusion step. The achieve- 
ment of uniform, reproducible mixing in the extruder 
was an important and difficult objective. It was also 
envisioned that the same extruder could be used for 
fusion and extrusion of waxy granulations commonly 
used to produce timed-release tablets. 


EXPERIMENTAL 


Design Requirements-Considerable experience in extrusion was 
obtained over the years using the Rietz equipment'; therefore, the 
design of a new extruder should consider the deficiencies of exist- 
ing equipment and correct them accordingly. One problem with 
the Rietz equipment was the cycling from an overwet to an overdry 
condition. This problem was caused by inadequate wetting or mix- 


1 Rietz Manufacturing Co., West Chcster, PA 19380 
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Table I-List of Screw Configurations 


Number 
of Root Diameter", 


Pitch, cm. Anvils cm. Special Remarks 


2.54(1.Oin.) 3 1.91 (0.75in.) - 
3.81 (1.5in.) 3 2.54(l .Oin.)  - 
4.08  (2.0 in.) 3 2.54 (1 . O  in.) - 
3.81-4.08 8 2.54 (1 .O in.) Double flight 


(1.5-2.0 in.) a t  endb 
combination 


3 . 8 1 4 . 0 8  11 2.54 (1 . O  in.) Double flight 
(1.5-2.0 in.) a t  endb 
combination 


(1.5-2.0 in.) a t  endb 
3 . 8 1 4 . 0 8  12 2.54 (1 . O  in.) Double flight 


combination 


Thickness of screw exclusive. of flight portion. * Flight is the 
length of screw requlred for one helix. 


ing and periodic surges. The adequacy of the screw pitch and its 
root diameter was unknown. To make a general pharmaceutical 
extruder, it was believed that a longer barrel would be required 
and that better mixing must be obtained. With this in mind, the 
general requirements were provision for a long mixing chamber and 
an adequate impediment of material flow. A split barrel allowed 
easy cleaning and maintenance as well as quick interchange of 
screws and endplates. The extruder was jacketed, which pro- 
vided a method of producing wax fusion granulations or other 
granu!ation types that require temperature control. A well and hole 
were made for the placement of a thermocouple for measurement of 
granulation temperature. The drive unit provided excess power, 
since it was envisioned that a larger extruder might someday be 
coupled to the same drive system. The instruments on the drive 
unit were a tachometer and a recording dynamometer for torque 
measurement. 


Construction-With the above requirements in mind, the general 
design of the extruder was made and a drive unit was selected. 
Figure 1 illustrates the design, and Fig. 2 shows the extruder coupled 
to the drive unit2. The extruder is of the single screw type, 50.8 cni. 
(20 in.) long and 5.4 cm. (2.125 in.) wide. The closed section or barrel 
is 40.64 cm. (16 in.) long and the hopper portion is 10.16 cm. (4 in.). 
Two ports near the hopper end are used for addition of liquid. A 
spraying attachment was also made for wetting powders in the 
hopper. The barrel is made in two sections and is hinged along 
the long axis so that it may be opened readily and cleaned easily. 
The barrel contains two permanent steel anvils and 10 removable 


Figure 2-Photogruph of the extruder, drive unit, ?neteririgpump, and 
powder f eeder . 


2 C. W. Brabender Plasticorder model PL-V34D. C. W. Brabender 
Instruments, Inc., South Hackensack, NJ 07606 
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Table II-List of Endplates 


Hole Diameter, mrn. Plate Thickness, mm. Open Area, z 
1 .o 
1 .2  
1.4 
2.0 
4.0 
4 .2  


3.18 
3.18 
3.18 
3.18 
1.59 
1.59 


- 
63 
51 


Table 111-Amounts of Powder and Liquid Used at Various 
Extrusion Conditions 


~ ~~ ~~~ ~~ 


Powder Delivery 
Extruder Speed, r.p.m. g./min. 


40 260 . _  
50 
60 


_ ~ _  
320 
365 


Liquid Delivery, ml./min. - 
-- Water-- -Isopropanol,25%- 


Speed, Endplate Open Area Endplate Open Area 


Water, 75 %- 


r.p.m. 51 7Z 63 Z 51 z 63 z 
Eight Interruptions 


40 55 70 80 95 
50 75 85 100 110 
60 85 95 125 


40 50 60 80 80 
70 75 95 95 
- 85 105 105 


50 
60 


- 


12 Interruptions 


anvils made of an acetal resina. Blank anvils can be used in any 
of the 10 positions, so it is possible to  experiment with various anvil 
arrangements. Each side of the barrel is jacketed and contains two 
inlet and two outlet ports for the circulation of heated liquid when 
fusion granulations are made. The top section contains a well for a 
thermocouple probe. Construction is of type 304 stainless steel, 
except for the extruder support which is aluminum. 


The drive unit2 consists of a 3.4-hp. adjustable speed d.c. motor, a 
recording dynamometer, a tachometer, and a two-point temperature 
recorder. A high and low sensitivity speed adjustment permits screw 
revolutions per minute to be adjusted from 0 to 240, and constant 
speed can be maintained regardless of the torque on the screw. 


Accessory Equipment -A heater-circulator4 was used to provide 
heat to the extruder jacket, and a 2-cu. ft. live bin feeders was used 
to feed powder a t  a fixed rate. The feeder has a variable-speed drive 
and tachometer so powder feed rate can be closely controlled. It is 
mounted on an  adjustable hydraulic platform for easy height ad- 
justment. A metering pump and controller6 were used to feed liq- 
uids. 


Startup-Initial experimentation was concerned with such fac- 
tors as screw pitch, screw root diameter, number of anvils, and end- 
plate configuration. Screw root diameter and pitches were made in a 
number of combinations (Table I). 


A screw of 2.54-cm. pitch conveyed material too fast for good 
mixing and extruding. Both the 2.54- and 3.81-cm. screws gave con- 
siderable back-pressure during extrusion. A series of three screws 
was made; they were all alike except for the number of interrup- 
tions. These screws are the last three listed in Table I. The screws 
start out having a 3.81-cm. pitch, which conveys material from the 
hopper into the barrel. Inside the barrel, the screw pitch is 4.08 cm., 
which allows more slippage and mixing of material. A twin flight a t  
the end of the screw improves the rate of output and prevents, to 
some degree, high back-pressures. 


Endplates were made having the dimensions shown in Table 11. 


3Delrin, E. I.  Dupont de Nemours & Co., Inc., Wilmington, DE 


4 C. W. Brabender Instruments, Inc., South Hackensack, NJ 07606 
3 Vibra Screw Inc., 'Totawa, NJ  07512 
8 Model 7561, Cole-Parmer, Chicago, IL 60648 
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Figure &-Mesh  sizes of dried unmilled antacid granulations. Key: 
@, water, I2 interruptions; 0, water, eight interruptions: 0, water- 
isoproparrol ( 75:25), I2 interruptions; and A, water-isopropanol 
(75:25), eight interruptions. 


(d)  mesh pattern of unmilled material obtained by sieve analysis, ( e )  
tablet texture, and ( f )  mesh pattern of milled and unmilled material. 


40 50 60 40 50 60 
SPEED, r.p.m. 


WATER 
SPEED r p.m. 


ISOPROPANOL, 25% 
W A T E ~ ,  j5%- 


Figure 3-Average torque values .for an antacid granulation as a 
fiinction of' extruder factors arid kind o f granularingfluid. 


Endplates of 3.18-mm. thickness and hole size 2 mm. or less were 
satisfactory for hot fusion granulations. However, a 1.59-mm. end- 
plate with hole sizes listed in Table I1 was needed for extruding the 
antacid granulation. Thicker plates and plates with too little open 
area gave too much back-pressure. 


These factors were studied during various trials. Some of the 
initial problems were to obtain good fits of the screw in the extruder, 
to obtain a fixed position for the screw, and to avoid rubbing the 
inside of the endplate and barrel. A spray system for the addition of 
liquid to the powder in the hopper was unsatisfactory for granula- 
tion because of agglomeration and sticking in the hopper and on the 
screw. Therefore, the two barrel ports were used to add liquid for 
all wet granulations. Circulation of hot liquid through the extruder 
barrel was very good and heat exchange was excellent for wax fusion 
granulations. 


Extrusion of Antacid Granulation-The extrusion of a typical 
antacid granulation was studied. The variables were: (a) granulat- 
ing fluid, i.e. water alone oersus water-isopropanol (75:25); (b) 
endplates with 4.0-mm. hole diameter and 6 3 z  open area or 4.2- 
mm. hole diameter and 51% open area; (c) number of anvils, 
either 8 or 12; and (d) screw speeds of 40, 50, and cio r.p.m. 


A powder blend was made containing two antacids and powdered 
sugar. The powder blend was fed to  the extruder by means of the 
feeder&, which had previously been calibrated in grams of antacid 
powder delivered per minute. Powder throughput was adjusted 
according to the screw speed to maintain a constant extruder hopper 
level. Rate of delivery was 260, 320, and 365 g./min. a t  40, 50, and 
60 r.p.m., respectively (Table 111). Liquid feed was adjusted using 
the metering pump t o  give the most consistent granulation a t  each 
experimental condition (Table 111). Granulations were tray dried at  
38" to 4.8-6.3 


Experimental observations and measurements were: (a )  torque 
produced during extrusion, (b )  extent of cycling, ( c )  bulk density, 


Table IV-Extent of Cyclinga with Various Extrusion 
Conditions 


loss on drying. 


~~ ~~~ 


Water, 75%- 
-----Water-- -1sopropano1, 25 %- 


Speed, Endplate Open Area Endplate Open Area 
r.p.m. 51 Z b  63 zC 51 z 63 z 


Eight Interruptions 


12 Interruptions 


a I ,  least cycling; 2, moderate cycling; and 3, heavy cycling. * Hole 
diameter -I 4.2 cm. Hole diameter = 4.0 cm. 


RESULTS AND DISCUSSION 


Torque measurement is in meter-grams, a unit directly related to 
viscosity measurement. The torque can be recorded or read directly 
on a scale on the drive unit. This principle of operation is based on a 
weighted arm connected to  the drive unit. The drive unit is mounted 
to  swing freely as force is applied by the driving screw. The arm can 
be loaded with various weights, which offset the driving torque, and 
the torque working range during an experimental run can be meas- 
ured. The practical meaning of torque is that higher readings relate 
t o  a thicker, stiffer granulation which requires more work for extru- 
sion. A granulation that is less agglomerated and softer is ex- 
truded, giving a lower torque reading. This also relates to a softer 
textured granulation and tablet. A summary of the average torque 
reading during various runs is shown in Fig. 3. The main effect on 


90 - 
80- 


70 - 
60 - 


se 
j 50 - 
N 
v) 6 40 - 
> 
0 


30 - 
20 - 


840 420 250 177 149 
MESH SIZE, p 


Figure 5- Mesh sizes of dried and milled antacid granulations. Key: 
@, water, I2 interruptions: 0, water, eight interruptions; [I ,  water- 
isopropanol (75: 25), I 2  interruptions; and A, water-isopropanol 
(75: 25), eight interruprions. 
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Table V-Composition of Wax Fusion Granulation Used in 
Extruder Experiments 


0.55 
- 
E 
‘c 
M0.54 
>r 
t 
v) 


W 
n 
Y 
-1 0.52 
2 
m 


0.53 


0.51 


Percent by Weight 


- 


- 
- 
I I - 


Spray congealed fat-wax 
mixture (1 :4) 


Drug-diluent blend 


25 


75 


WATER WATER- 8 12 51% 63% 
I SO PRO PAN OL 


(75 : 25) 
GRANULATING NUMBER OF EN 0 PLATE 


FLU ID INTERRUPTIONS OPEN AREA 


Figure 6-Bulk densities of antacid granulations as a function of the 
kind of’ granulating fluid aiid curious extruder factors. 


torque is the granulating fluid. In these experiments the average 
torque is 1360 for water and 580 for water-isopropanol. This result 
is not unexpected since water-isopropanol produces a lighter mass 
than water for this granulation. Probably less sugar is dissolved in 
the water-alcohol solution, thus providing less binding of ingredients. 
Higher speed rates also increase torque because more material is 
being processed in a given period of time. 


Generally, more granulating fluid is used for the 63 Z open area 
endplate than the 51 open area endplate. This occurs because of 
less back-pressure and mixing with the 6 3 x  open area endplate 
compared to  the plate with the lesser open area. 


The property of the extrudate to  change from a relatively wet 
condition to a relatively dry condition (referred to as cycling) was 
graded by observation and given ratings of 1, 2, 3 .  Class 1 was very 
little cycling, Class 2 was moderate cycling, and Class 3 was heavy 
cycling (Table 1V). As Table IV indicates, the least cycling occurs 
with water as the granulating fluid, but low cycling was obtained 
for one condition using water-isopropanol as the granulating fluid. 
Speed, number of interruptions, and endplate open area are rela- 
tively insignificant factors. However, experiments using less than 
eight interruptions indicate that more and more cycling will occur 
as additional anvils are removed. A minimum number of inter- 
ruptions and thus a minimum L/D ratio (extruder length to diameter 
ratio) are required for good extrusion. 


Mesh patterns of dried unmilled granulations are shown in Fig. 4. 
In general, the mesh analysis is similar for all granulations7, but 
water-isopropanol granulations show a significantly lower mesh 
size. Significant mesh size variations also occurred between the milled 
granulations made with water alone compared to water-isopropanol 
granulating fluid (Fig. 5 ) .  Fewer coarse particles and more fines are 
made with the water-isopropanol granulating fluid, probably due to 
the fact that an all aqueous granulating fluid binds particles more 
strongly than an alcoholic solution. 


The bulk densities of 30--40-mesh granulation were measured 
using an automatic tapping device (600 taps). The trends shown in 
Fig. 6 indicate that bulk density differences exist for various extru- 
sion conditions. The largest significant factor is the granulating fluid, 
closely followed by endplate open area and the number of interrup- 
tions. On the average, a more dense particle is obtained from water 
as opposed to water-isopropanol. Denser granulations are also ob- 
tained from more interruptions and a more open endplate area. 


Tablet Texture-All the machine and formulation variables 
previously discussed have an effect on the ultimate texture of the 


All granulations were milled using the Fitzinill comminuting ma- 
chine, with a No. 2A round hole scrccn, knives forward, at medium 
speed. The Fitzpatrick Co., Elmhurst, IL 60126 
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Table M-Effect of Fusion Temperature on Drug Release” 


Jacket Material -Drug Release, %- 
Temperature Temperature 1 hr. 5 hr. 


70 
90” 
95 O 


60“ 
78 
82 O 


26 
26 
28 


81 
86 
90 


” Method of Souder and Ellenbogen, Drug Stand., 26, 77(1958). 


tablet. The single most significant variable is the type of granulating 
fluid (water versus water-isopropanol). 


Tablets made from granulations using the water-isopropanol 
mixture were considcrably less gritty and smoother than tablets 
made from granulations using water alone. The addition of alcohol 
as a cosolvent with water reduces the solubility of sugar in that fluid 
as opposed to using water by itself. This reduction of sugar solubility 
causes less binding of the powders, thus giving a softer and less 
dense granulation with improved texture properties. 


Based on the data collected on endplate opening, speed of ex- 
truder, number of interruptions, torque reading, densities, and mesh 
patterns, a general statement can be made concerning conditions 
that give a tablet of improved texture: A water-isopropanol granu- 
lating fluid, eight interruptions, and a 51 open area endplate tend 
to give granulations having lower bulk densities. 


Wax Fusion Granulations-Experimental runs made during startup 
indicated that the extruder held promise for making fused granula- 
tions. A series of experiments was run to determine the optimum 
extrusion condition for meeting the release specifications of a n  
existing formulation. To obtain a good physical mix prior to fusion 
and extrusion, a modification was made in the existing formula. 
The fat and wax ingredients were used as a fine uniform spray- 
congealed mixture. The formulation used is shown in Table V. 


A uniform blend of the mixture was made and fed to the extruder 
by hand. Three extrusion runs were made under the conditions 
given in Table VI. Twelve anvils were used, and the throughput was 
150 g./min. In general, low extrusion temperatures give slightly 
fused granulations whereas temperatures that are too high give an 
overfused and sticky extrusion. The smaller sized endplates, 2 
and 1.4 mm., are preferable to the 3-mm. endplate for producing a 
uniform extrudate. 


The drug release rates listed in Table VI shoN that about the same 
amount is released at  the I-hr. interval regardless of the fusion 
temperature. However, at  the 5-hr. interval, drug release is affected 
by fusion temperature. 


CONCLUSIONS 


The design and construction of a laboratory extruder for the 
preparation of a wide range of tablet granulations are described. 
The machine conditions for successful preparation of antacid granu- 
lations and wax fusion granulations are discussed. The special fea- 
tures included in this extruder seem to warrant consideration of 
extrusion on a larger scale, using the principles developed with the 
laboratory model. 


Future uses will include the preparation of extrusions for pellet- 
izing using the Marumerizer. The extruder will be used in new 
product development, in testing of presently marketed products, 
and for feasibility of preparing effervescent granulations. 
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GLC Assay for 5-Fluorouracil in Biological Fluids 


JORDAN L. COHEN’ and PATRICK B. BRENNAN 


Abstract 0 A rapid, sensitive GLC method of analysis for 5-fluoro- 
uracil was developed to follow the disposition of the drug in patients 
on 5-fluorouracil therapy. The free drug is removed from aqueous 
biological samples in a single extraction step, derivatized by silyla- 
tion, and chromatographed using flame-ionization detection. An 
internal standard is utilized to quantitate the results. The procedure 


is rapid, sensitive (0.2 mcg./ml. plasma), specific for the intact 5- 
fluorouracil molecule, and suitable to support pharmacokinetic 
studies of 5-fluorouracil in animals and humans. 


Keyphrases 0 5-Fluorouracil-GLC analysis in biological fluids 0 
GLC-analysis, 5-fluorouracil in biological fluids 


Detailed pharmacokinetic studies that would provide 
information useful to the clinician would be desirable 
to optimize cancer chemotherapy with 5-fluorouracil. 
The drug is still given empirically by many different 
dosage schedules, with some recent evidence suggesting 
that the oral route of administration differs in activity 


and toxicity from the intravenous route (1). Disposition 
studies performed previously were limited by the absence 
of a rapid, sensitive method of analysis capable of de- 
termining free 5-fluorouracil in large numbers of bio- 
logical samples. Studies using radioactively labeled 
drugs showed wide variability due to extensive metab- 
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Table &Recovery of 5-Fluorouracil Added to Water, Human Plasma, and Human Whole Blood 


Plasma--- c_- Blood-- 5-Fiuorouracil ------ Water---- ---- 
Added, Peak Height Percent Peak Height Peak Height Percent Percent 


mcg./ml. Ratio. Recoveryb Ratio0 


4.83 1.42 78.9 f 2.50 1.45 80.6 f 3.24 1.47 81.7 
1.94 0.60 82.2 f 3.10 0.58 79.4 f 3.47 0.56 76.7 
0.96 0.28 80.0 f 2.74 0.27 77.1 f 3.05 0.28 80.0 
0.48 0.14 82.3 f 3.85 0.14 82.3 f 3.75 0.13 76.5 


Recove* Ratio. Recoveryc 


0 Anthracene concentration was 3.2 ng./pl. injected. b Average of three determinations f standard deviation. c Represents a single determination. 
Human blood was extracted according to the described procedures to determine binding to red blood cells. 


olism (2) and illustrated the nonspecificity of this 
method of analysis for compounds of this type. 


Clarkson el al. (3) performed some comparative dis- 
position studies on a limited number of patients; they 
utilized a spectrophotometric assay procedure when 
the blood levels were greater than 100 mcg./ml. and a 
microbiological assay for lower blood levels. In most 
instances the spectrophotometric procedure was not 
sensitive enough for clinical studies, while the micro- 
biological procedure lacked accuracy and was not 
readily adaptable to large numbers of samples. Wind- 
heuser er al. (4) developed a GC method which requires 
extended (22-hr.) dialysis to remove the drug from 
blood samples and which would be difficult to perform 
on a routine basis. 


The present work describes an analytical method 
based upon a single extraction of the drug into a non- 
aqueous solution, with subsequent formation of a 
trimethylsilyl derivative for GLC detection. The con- 
centrations of 5-fluorouracil were quantitated using 
an internal standard. The method is applicable to 
biological samples including blood and urine and can 
be performed on a routine basis for clinical studies of 
patients on 5-fluorouracil therapy. 


EXPERIMENTAL 


Reagents-All chemicals and solvents used were of analytical 
reagent grade, and water was glass double distilled. 


Procedure for Biological Samples-Blood samples were collected 
in citrated Vacutainersl, mixed gently, and centrifuged to allow 
separation of the plasma. Then the plasma was frozen until the 
sample was to be analyzed. Urine samples were either collected and 
directly frozen or lyophilized and stored in a similar fashion. 


A plasma or urine sample was adjusted to pH 6 by the addition 
of a known volume of a pH 4.7, 0.5 M acetate buffer (e.g., 125 p l .  
of acetate buffer was required per milliliter of human plasma). 
Then 1.0 ml. of this sample was added to a flask already containing 
0.4 g. of anhydrous sodium sulfate and 15.0 ml. of a solution of 16% 
n-propanol in ether. This mixture was shaken vigorously for 
5 min. and then allowed to stand for 15 min. or until the ether layer 
cleared. Depending upon the concentration of 5-fluorouracil, a 
suitable volume (1.0-10.0 ml.) of the ether solution was pipeted 
into either a: (a) 15.0-ml. centrifuge tube if more than 5.0 ml. was 
used, or (b )  5.0-ml. vial' if a smaller volume of ether was used. 
Then 25 pl. of an anthracene solution in pyridine containing 16 mcg./ 
ml. was added as an internal standard, and the solvent was removed 
under a gentle stream of nitrogen with the reaction vial immersed 
in a 55" water bath. 


Derivatization-The evaporated sample was dissolved in 100 
pl .  of a freshly prepared solution of 50% N,O-bis(trimethylsily1). 
trifluoroacetamide (I), containing 1 trimethylchlorosilanea as a 


1 Becton, Dickinson and Co., Rutherford. N. I. 
* Reacti-vial. Pierce Chemical Co., Rockford. Ill. 
* Pierce Chemical Co., Rockford. Ill. 


catalyst in silation grade pyridine'. This reaction mixture was al- 
lowed to stand for 5 rnin. at room temperature, and then 1-10 p l .  
was injected into the gas chromatograph. 


Gas Chromatography-The assay was performed on a gas chro- 
matograph'equipped with a flame-ionization detector. A glass coiled 
column, 1.83 m. (6 ft.) X 0.63 cm. (0.25 in.) o.d., was packed with 
3z OV-1 on 100-120-mesh Gas Chrom Q, conditioned at 250" 
for 72 hr. and injected periodically with trimethylsilyl donors@. 
Nitrogen as a carrier gas was maintained at 40 ml./min.. while the 
flow rates for air and hydrogen were 250 and 30 ml./min., respec- 
tively. The injector and detector temperatures were both maintained 
at 200" throughout the procedure. 


The sample was injected at a column-oven temperature of 110" 
and the 5-fluorouracil eluted as a sharp peak at 4 . 5  min. The tem- 
perature was then increased to 160" (heating rate 50"/min.) and the 
anthracene (internal standard) peak appeared after 12 min. (from 
time of injection). After 2-3 days of use, the column was recondi- 
tioned at 250" overnight and a mixture of trimethylsilyl donors6 
was injected. The detector was cleaned every 3 4  days with repeated 
injections of trichlorotrifluoroethane' and was removed periodically 
and further cleaned by sonication in acetone. 


RESULTS AND DISCUSSION 


5-Fluorouracil is representative of the analytical challenges now 
faced by workers in biopharmaceutics and clinical pharmacology. 
Its water solubility, even as the free acid, and nonfluorescent prop- 
erties make specific, sensitive, routine methods of analysis difficult 
to develop. The described extraction procedure. gives the highest 
constant percentage extracted (80%) in a single extraction of many 
explored and was the only method that appeared quantitatively 
useful. Any increase in the polarity of the "nonaqueous phase" 
destroys the immiscibility with aqueous samples. Saturation with 
sodium sulfate also appeared to optimize extraction of 5-fluoroura- 
cil by salting it out of the aqueous medium. Since no improvement 
in extractibility was seen at more acidic pHs, pH 6 was selected, 
on the basis of the reported pKa of 8.1 (3, to minimize the extrac- 
tion of other weakly acidic compounds which could be present in 
blood samples and possibly d a t e  and interfere with the chromato- 
graphic assay procedure. This is a critical consideration in this 
case since the partition coefficient of 5-fluorouracil does not allow a 
"cleanup" extraction. Plasma blanks were always carried through 
the assay procedure to verify the absence of any interfering mate- 
rial. 


The extraction procedure gave identical results for aqueous, 
plasma, and blood samples to which 5-fluorouracil had been added8. 
These results (Table I) indicate no interference with the assay in 
the presence of plasma proteins or red blood cells which would 
a t k t  the percentage extracted. The percent recovery is based upon 
the addition of 5-fluorouracil to ether (Table 11). In view of this 
and since the extraction was not complete, a standard curve was 
prepared by using aqueous samples to which various concentra- 
tions of 5Auorouracil had been added and carrying them through 


4 Varian model 1440 (Varian Aerograph, Walnut Creek, Calif.) 


6 Applied Science Laboratories, State Colle e, Pa. 
a Silyl8. Pierce Chemical Co., Rockford, 18 
7 Freon 113. Pierce Chemical Co., Rockford,' 111. 
6 Obtained from either International Chemical and Nuclear, Irvine. 


Calif., as a solid, or Hoffmann-La Roche, Nutley, N. J., as the dosage 
form. 


equipped with a Perkin-Elmer Hitachi recorder, model 156. 
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Table II-GLC Data for 5-Fluorouracil Added to Ether 


5-Fluorouracil 
Added, mcg./ml. 


Peak Heyht 
Ratioo. 


4.83 
1.94 
0.96 
0.48 


1.80 
0.73 
0.35 
0.17 


4 Anthracene concentration was 3.2 ng./rl. injected. * Average of three 
determinations. 


the entire assay procedure. Figure 1 shows a typical chromatographic 
separation from a human plasma sample. The sharpness of the 
peaks enabled a quantitation to be made using pak height ratios 
rather than the more cumbersome peak area ratios. A linear stan- 
dard curve (Figs. 2 and 3)corresponding to original concentrations of 
5-fluorouracil of from 0.2 to 80 mcg./ml. was obtained and used to 
determine directly the drug levels of samples in this concentration 
range after accounting for any dilution changes. Higher concentra- 
tions of 5-fluorouracil required different concentrations of internal 
standard and the curve was linear up to 300 mcg./ml. 


Working from observations of Windheuser et al. (4) that 5- 
fluorouracil could be silylated quantitatively and chromatographed 
led to development of the final GLC assay procedure. Compound I 
had the advantage of much more volatile fluorinated by-products 
after silylation, which appear under the solvent peak and do not 
interfere with the quantitation of 5-fluorouracil as did N,O-bis- 
(trimethylsily1)acetamide under our assay conditions. To be cer- 
tain of the specificity of the method for the free drug molecule, the 
analysis was performed on a GLC interfaced with a mass spec- 
trometerO. The peak corresponding to 5-fluorouracil at 5.5 min. was 
shown by fragmentation and the appearance of a parent peak at 
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Figure 1-Gas chromatogmm of a plasma sample of 5-~7uorouracil 
with the addition of anthracene. (5-Fiuorouracil concentration = 4.83 
mcg.lml.; wrrhracene concentration = 3.2 ng./pl. injected.) 


9 Varian model CH-7, Varian Mat Divisions, Palo Alto, Calif. 
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Flgure 2-Calibration curoe for 5-~7uorouracii extracted from aqueous 
solution at low 5-pUorouracil conc@ntrations. (Anthracene concentra- 
tion - 3.2 ng.Jd. injected.) 


274 m/e to be 5-fluorouracil with the addition of two trimethylsilyl 
groups. 
No suitable internal standard could be found for the column 


operating temperature at which the assay is performed. Anthracene 
was selected for its inertness, purity, and good flame-ionization 
response; however, the column had to be programmed to obtain 
reproducible results for peak height ratio calculations. This actually 
turns out to be an advantage, since the higher temperatures elute 
impurities present in the biological samples before the anthracene 
peak coma out (the broad peak labeled “unknown” in Fig. 1). 
Otherwise, to avoid interferences, these impurities would have to 
be eluted before the next sample could be injected. 


The presence of the fluorine atom suggested that electroncapture 
detection may improve sensitivity and eliminate extraneous plasma 
peaks and other interferences. Much work has been done correlat- 
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pisure >Calibration curve for 5-fiuorouracil extracted from aqueous 
solution over a wide concentration range. (Anthracene concentration 
= 3.2 ng./pl. injected.) 
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Figure 4-Plasma concentration of 5-jluorouracil in a patient (E.J.) 
giwn a single intravenous dose of IS mg./kg. 
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Figure 5-Plasnra concentration of 5-pUorouracil in a patient (1.B.) 
giwn a single era/ dose (in solution) of I S  mg./kg. 


ing the structures of derivatives with electroncapture sensitivity 
(&lo), the presence of a single chlorine atom, for example, on 
chlorpromazine allowed a sensitive electroncapture analysis to be 
performed (11). Since the analytical conditions were essentially 
worked out, a ‘*Ni detector was substituted for the flame-ionization 
detector; however, sensitivity could not be improved by more than a 


factor of two using this approach. A modification of the present 
method is currently being pursued in these laboratories in an effort 
to increase sensitivity, which may enable the quantitation of 5- 
fluorouracil in trace concentrations in body tissues and fluids other 
than plasma and urine. 


Since the reason for development of an assay procedure of this 
type is to support biopharmaceutical and clinical pharmacology 
studies designed to improve drug therapy, data from two different 
patients receiving therapeutic doses of 5-fluorouracil have been 
included. Figure 4 illustrates the plasma time course of the drug in a 
patient (E.J.) receiving 15 mg./kg. by intravenous push, and Fig. 
5 illustrates the same data for a Merent  patient (1.B.) receiving a 
comparable dose in solution orally. No interfering peaks were en- 
countered either from possible metabolites or other medication 
taken by these patients. The sensitivity and applicability of the 
method to these patients indicate that the method is suitable for 
these types of studies, and several clinical studies are currently being 
performed. 
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Analysis of Trisulfapyrimidines by 
High-pressure Liquid Chromatography 


RAYMOND B. POET’ and HENRY H. PU 


AbstrPd 0 The application of high-pressure liquid chromatography 
to the separation and analysis of trisulfapyrimidines in pharma- 
ceutical dosage forms is demonstrated. The preparation of samples 
of both tablet and suspension dosage forms is simple and rapid. 
The chromatographic conditions chosen optimize the separation of 
sulfadiazine, sulfamerazine, and sulfamethazine and allow quan- 
titative analysis of these trisulfapyrimidines in a reasonable time. 


Key phrases 0 Trisulfapyrimidine formulations-analysis, high- 
pressure liquid chromatography 0 Sulfa drugs, sulfadiazine- 
sulfamerazine-sulfamethazine-separation, analysis, high-pressure 
liquid chromatography 0 High-pressure liquid chromatography- 
analysis, trisulfapyrimidine formulations 


The separation and quantitative analysis of sulfadia- 
zine, sulfamerazine, and sulfamethazine in pharmaceuti- 
cal dosage forms present a difficult problem to the 
pharmaceutical analyst. Current methods and proposed 
modifications of them are slow and tedious. The USP 
method (1) uses a paper chromatographic separation 
prior to colorimetric determination, by means of the 
Bratton-Marshall reaction, of the eluted individual 
sulfonamides. Modifications proposed by Kunze and 
coworkers (2, 3) require extreme care for satisfactory 
results. Banes and Riggleman (4 )  recently proposed a 
hybrid assay for trisulfapyrimidine preparations in 
which total sulfonamides are measured colorimetrically 
by the Bratton-Marshall procedure. Sulfadiazine is 
then measured colorimetrically by means of its specific 
reaction with thiobarbituric acid; sulfamethazine is 
separated from its homologs by column partition 
chromatography and is then determined by UV spec- 
trophotometry. The third sulfonamide is obtained by 
difference. A qualitative chromatogram is used to con- 
firm that only the three sulfonamides are present. 


The determination of trisulfapyrimidines in dosage 
forms by high-pressure liquid chromatography was 
first reported by Poet and Pu (5).  A recent paper by 
Kram (6) reported the conditions for the separation of 
a number of sulfapyrimidines. The determination of 
trisulfapyrimidines by high-pressure liquid chromatog- 
raphy overcomes or circumvents many shortcomings 
of the previously reported methods. The preparation 
of samples is simple and rapid, and separation and 
analysis times are reasonably short. 


EXPERIMENTAL’ 


M a e  Phase and Reagents-The mobile phase, 0.2 M disodium 
phosphate solution adjusted to pH 6.0 with 85% phosphoric acid, 
was prepared fresh daily. Sodium hydroxide and sulfuric acid solu- 
tions ( I  N) were required. 


Internal Standard Solution-The stock internal standard solution, 
lz00 mcg./ml., was prepared by first dissolving 120 rng. of sulfa- 
dimethoxine in 5 ml. of 1 N sodium hydroxide solution and then di- 
luting to 100 ml. with distilled water. 


Trjsulfapyrimidine Stock Standard Solution-The trisulfapyrimi- 
dine stock standard solution was prepared by first dissolving 120 
mg. each of sulfadiazine, sulfamerazine, and sulfamethazine in 5 
ml. of 1 N sodium hydroxide solution and then diluting to 100 ml. 
with distilled water. This solution contained each of the trisulfa- 
pyrimidines a t  a concentration of 1200 mcg./ml. 


Standard Curve Solutions-These solutions were prepared by 
suitable dilution of the stock standard solution with distilled water. 
They contained each of the trisulfapyrimidines at a concentration 
between 108 and 132 mcg./ml. and the internal standard at a con- 
centration of 120 mcg./ml. 


Preparation of Tablet Sample-For a singletablet analysis, the 
weight of a single tablet was determined. For a batch analysis, the 
weight of a pool of several tablets was determined and the average 
tablet weight was calculated. The sample was ground to a fine 
powder. An accurately weighed portion of the powdered sample, 
equivalent to 36 mg. of total trisulfapyrimidines, was transferred 
to a 100-ml. volumetric flask containing 10 ml. of I N sodium hy- 
droxide solution. The stoppered flask was shaken on a mechanical 
reciprocal shaker for 15 min. A total of 9 ml. of I N sulfuric acid 
was added while the flask contents were swirled. Some distilled 
water was added, followed by 10 ml. of internal standard solution 
and enough additional distilled water to make 100 ml. of solution. 
A portion of the well-shaken extract, transferred to a glassstoppered 
test tube, was centrifuged for 10 min. a t  2OOO r.p.m., and the super- 
nate was used for analysis. 


Preparation of !hspemsion Sample-A weight of well-shaken tri- 
sulfapyrimidine suspension, equivalent to 36 mg. of total trisulfa- 
pyrimidines, was transferred to a 100-ml. volumetric flask, and 10 
ml. of 1 N sodium hydroxide solution was added. Preparation of 
the sample was continued as described earlier for tablet samples. 


Conditions for Chromatographic Separation-The important fea- 
tures of the liquid chromatograph used were described in detail else- 
where (7, 8). The degassed mobile phase was passed through the 
cation-exchange column under a pressure of lo00 psig., to obtain a 
flow rate of 0.7-0.8 ml./min. a t  room temperature, until a stable 


~~~~ ~~~~~ ~ 


1 A DuPont liquid chromatograph (model 820) equipped with a UV 
monitor. an Infotronics integrator (Model 10-A&2), with digital print- 
out, and a DuPont packed “Zipax” SCX cation-exchange column, 1 m. 
long, 6.35-mrn. (0.25-in.) 0.d. and 2.1-mm. i.d., was used. The column 
contained a proxi.mately 6 g. of “Zipax” support, having about a I % 
loading of t i e  catlon-exchange polymer. b 
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Table I-meet of the Mobile Phase Molarity on Retention Time0 Table II-Response Factors for Standard Solution* 


Compound 0.01 M 0.1 M 0.2 M 


Sulfadiazine 64 67 70 
Sulfamerazine 97 103 112 
Sul fadimethoxine 140 155 182 
Sulfamethaune 240 270 308 


(I Expressed as the number of seconds elapsed between injection and 
attainment of the chromatographic peak maximum. 


baseline was obtained a t  a photometer attenuatidn of 8 X 10-’. 
Replicate 4-pL injections of standard and sample solutions were 
made, using a 10-pL syringe’. The chart recorder provided a record 
of the elution of the sulfonamides from the column as peaks on a 
chromatogram, while the electronically calculated peak areas were 
printed out on paper tape. 


RESULTS AND DISCUSSION 


The purpose of this study was to determine the operating condi- 
tions for chromatography that would optimize the resolution of the 
trisulfapyrimidines in a reasonable time with a suitable level of pre- 
cision. 


The use of an internal standard was intended to minimize tlie 
effects of minor procedural variations. Sulfadimethoxine was 
chosen as the internal standard because it was eluted between two 
existing peaks in the chromatographic system employed and, in 
solution, demonstrated properties similar to those of the other tri- 
sulfapyrimidines. 


The operating conditions studied included pH and molarity of 
the mobile phase, as well as pressure and flow rate. The effect of 
pH of the mobile phase on the separation of the trisulfapyrimidines 


A 


L 


A 


B 
pH6.00 L 


4 


Figure 1-Effect of p H  on the sepamtion of sdfidiazine (A), sd- 
famerazine ( B ) ,  sulfadimethoxine (C), and sulfamethazine (D).  


Coeffi- 
Average cient of 


Response Standard Varia- 
Sulfonamide Factor Deviation Variance tion, -% 


Sulfadiadne 1.2827 *0.0332 0.0011 2.6 
Sulfamerune 1.2356 zk0.0246 0.0006 2.0 
Sulfamethazine 0.9162 f0.0221 0.0005 2.4 


These data represent four injections of each of five standard solu- 
tions. 


Table III-Conceotrations of Trisulfapyrimidines in Sulfonamide 
Tablets and Suspensions 


Sulfadiazine Sulfamerazine Sulfamethazine 
Sample mg. Z mg. Z mg. Z 


Tablet A4 161.7 96.8 164.9 98.7 163.0 97.6 
Tab et B 167.2 100.1 167.8 100.5 172.4 103.2 
Tab 1 et C 165.6 99.2 162.0 97.0 164.7 98.6 
Tablet D i6i.3 96.6 166.9 99.9 169.7 101.6 
SuspensionAb 165.9 99.3 158.7 95.0 158.9 95.2 
SuspensionB 180.4 108.0 169.1 101.3 171.8 102.9 


Theory = 167.0 mg. of each sulfonamide per tablet. Theory = 
167.0 mg. of each sulfonamide/5 ml. of suspension formulation. In these 
calculations, the specific gravity for the particular suspension, previ- 
ously determined, was employed. 


is illustrated in Fig. 1. Although no separation of sulfamerazine and 
sulfadimethoxine was obtained at pH 5.7, adequate separation was 
obtained at  pH 6.0. The compounds were well separated at pH 
6.3; however, the higher the pH, the longer was the time required 
for elution of the more strongly retained sulfonamides. Therefore, 
pH 6.0 was chosen for the separation to minimize the time required. 
The effect of the molarity of the mobile phase on the time that a 
sulfonamide is retained on the column is shown in Table I. These 
data were obtained in a preliminary screening study using a faster 
mobile phase flow rate than was finally chosen. Despite an un- 
expected moderate hicrease in the retention time for the two more 
strongly repined sulfonamides, d 0.2 M disodium phosphate buffer 
solution, pH 6.0, was selected for the mobile phase to ensure the 
bufferirig stability of the system. Recause buffer solutions that had 
been stored or used over extended periods of time adversely affected 
the chromatogram baseline, a fresh supply of buffer solution was 
prepared daily. The chosen pressure of loo0 psig., which produced 
a flow rate of 0.7-0.8 ml./min.. resulted in separation of the sample 
components within 15-20 min. 
The area under the curve for each peak on the chromatograms 


was calculated electronically. The response factor, the ratio of each 
sulfonamide peak area to the area of the internal standard, was 
calculated for each chromatogram. Because the response factors 
were linearly related to sulfonamide concentration, average response 
factors for a 12O-mcg./ml. concentration of each sulfonamide 
were computed from the ratios (Table 11). Response factors for each 
sulfonamide were determined for a limited number of standard 
solutions on the same day that samples were assayed. Thus, the 
effect of changes in response factors due to possible changes in the 
operating conditions or in the column could be minimized. 


Analytical data obtained for four representative lots of tablet 
formulations and two suspension formulations are presented in 
Table 111. The calculated coefficients of variation for replicate 
sample injections ranged from 0.9 to 4.0Z. The data in Table 111 
demonstrate the utility of high-pressure liquid chromatography for 
the analysis of these trisulfapyrimidines in pharmaceutical dosage 
forms. 


REFERENCES 


(1) “The United States Pharmacopeia.” 18th rev., Mack Pub- 


(2) F. M. Kunze, J. Ass. Off. Agri. Chem., 41, 474(1964). 
(3) M. Maienthal, J. Carol, and F. M. Kunze, ibid., 44, 313 


lishing Co., Easton, Pa., 1970, pp. 760, 761. 


(1961). 


810 0 Journal of Pharmaceutical Sciences 







(4) D. Banes and 0. H. Riggleman. ibid.. 54, 3195(1971). ACKNOWLEDGMENTS AND ADDRESSES 


The authors kxpress their appreciation t o D r .  G. Brewer and 
Dr. K. Florey for their encouragement and suggestions during this 
study, and to Dr. D. Frost for his helpful discussions during the 
preparation of this manuscript. 


1YI1. 


(6) T. C. Kram, J .  Phurm. Sci., 61, 254(1972). 
(7) H. R. Felton, J. Chromarogr. Sci., 7,  13(1969). 
( 8 )  “DuPont Instruction Manual for LLC 8200,” DuPont Instru- 


ments, Wilmington, Del. A To whom inquiries should be directed. 


P H A R M A C E U T I C A L  TECHNOLOGY 


Evaluation of Inhalation Aerosols Using a 
Simulated Lung Apparatus 


ARNOLD W. KARIG*, GARNET E. PECK’, and GLEN J. SPERANDIO 


~ ~ 


Abstract 0 A model lung chamber was designed for the evaluation 
of oral inhalation aerosols. The lung chamber was a compartmental- 
ized unit based on certain parameters of the human respiratory 
tract. A vacuum system was used to regulate the flow rate through 
the chamber. Based on studies of air flow rate and evaluations with 
medicinal aerosol units, a vacuum of 30.4 cm. (12 in.) of mercury 
was chosen as the most suitable pressure for analysis of the aerosol 
samples within the chamber. Sampling of the chamber was by 
gravity, deposition of the nebula in sample collection vials at- 
tached to the base of each compartment, or full rinsing of each 
compartment. Samples were analyzed spectrophotometricaly. The 
particle-size distributions of aerosolized talc samples from each 
chamber compartment were determined to  evaluate the separation 
characteristics of the model lung chamber. Solutions of varying 
strengths of isoproterenol hydrochloride and phenylephrine hy- 
drochloride aerosolized using several common aerosol devices 
demonstrated the model lung chamber to be a suitable device for 
evaluating medicinal and pharmaceutical aerosol units. 


Keyphrases 0 Inhalation aerosols--evaluated using simulated 
lung chamber 0 Aerosols, inhalation-evaluated using simulated 
lung chamber 0 Simulated lung chamberdesign used to evaluate 
inhalation aerosols 0 Lung chamber, simulated-design used to 
evaluate inhalation aerosols 


Until recently, aerosol inhalation therapy has received 
comparatively little attention when compared with the 
more conventional dosage routes for drugs. However, 
with the development of pressurized aerosol technology 
and portable aerosol-generating equipment and an in- 
creasing appreciation of inhalation as a route for the 
administration of medicinals, considerable interest has 
developed in this area. 


Inhalation therapy may be used to administer drugs 
for local and/or systemic response. By effecting depth 
of penetration and retention of inhaled medicinals, it 
is possible to obtain a purely local action without sys- 


temic effects or a combination of local and systemic 
action (1-3). Several parameters influence the penetra- 
tion and deposition of inhaled materials in the lung. 


Extensive research (4-12) has been conducted on the 
relationship of particle size to distribution and reten- 
tion in the lungs. The conflict of theories and experi- 
mental results from these investigators has been attrib- 
uted to such variable factors as species of animal used, 
nonuniform breathing rates, methods of measurement 
of particle-size distribution, methods of administering 
the agents used, and effects of lung moisture content 
on the size of inhaled particles (3, 6, 7, 13, 14). All 
authors agree, however, that depth of penetration in- 
creases with decreasing particle size while whole lung 
retention increases with increasing particle size (1, 6, 
15, 16). The optimum particle-size range for inhalation 
of medicinals into the lungs is currently accepted as 


While the importance of particle size in inhalation 
therapy has been well documented, the other parameters 
effecting deposition and retention of inhaled matter 
have received less attention. In addition, pharmaceuti- 
cals are available in pressurized form for administration 
as either liquid droplets or fine solid particles. However, 
no evidence in the literature documents the superiority 
of solution systems of inhalation aerosols over suspen- 
sion systems or vice versa. 


Since in oiuo evaluation of inhaled materials can lead 
to a disparity of results due to variable factors, there 
is a need for a good in v i m  method of evaluating in- 
haled materials. This study describes the development 
of a collection chamber for in v i m  analysis of materials 
from pressurized pharmaceutical aerosols or other 


0.5-5.0 p (17, 18). 


aerosol-generating equipment. -_ 
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hydrates could be air milled, the author proceeded to pnpare sus- 
pensions with air-milled hydrate to see if crystal growth still oe 
curted. Work was done with I-hydrate, because at that time de- 
velopment work on 11 had been discontinued. A 2.5% suspension 
of air-milled I-hydrate was made (Table 111) and observed for 2 
years by microscopic examination and particle-size analysis. No 
evidetice for crystal growth was observed. 


This case history shows that suspensions are dynamic systems 
and that it is important to establish which forms are present a t  
equilibrium. It shows that careful work is needed to identify these 
forms and prove that they can be processed to specifications prior 
to suspension formulation work. In addition, this report shows 
that satisfactory suspensions can be made with these equilibrium 
form. 
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Bicyclic Thiadiazoles I: 
2- (2-Thienyl) -5-phenylthiazolo[ 2,3- b] -1,3,4-thiadiazole 


MAN M. KOCHHAR’, MOHAMMAD SALAHI-ASBAHI, and BYRON B. WILLIAMS 


AbrtrPct 2-(2-Thienyl)-S-phenylthiazolo(2,3-b]-I ,3,4thiadiazole 
was synthesized and evaluated for its diuretic action. The effect of 
&substitution on the ease of cyclization to a bicyclic system was 
studied. The carboxylic acid hydrazides were converted to dithio- 
carbazates which, on cyclization, gave 2-substituted 5-thio-l,3,4- 
ttiiadiazoles. Thiothiadiazoles were converted to the bicyclic system 
by the action of phenacyl bromide. 


KeyphrPses 0’ Thiadiazoles, bicyclic-synthesis of 2-(2-thienyl>S- 
phenylthiazolo(2,3-6]-1,3,4-thiadiazole, evaluated as a potential 
diuretic 0 2-(2-Thienyl)-5-phenylthiazolo[2,3-b]-1,3,4-thiadiazole- 
synthesis, screened as potential diuretic IJ Diuretics, potential- 
synthesis and screening of 2-(2-thienyl)-5-phenylthiazolo[2,3-bE 
1 ,&4-thiadiazole 


Thiazole and thiadiazole derivatives have been used 
successfully as diuretics (1-4). Synthesis of 2-acetyl- 
amino-l,3,4-thiadiazole-5-sulfonamide (acetazolamide) 
by Roblin and Clapp (1) led to many acetazolamide de- 
rivatives as potential diuretics (5, 6). Heterocyclic 
mono- and disulfonamides, particularly thiophene and 
benzothiophene analogs, thiazole and benzothiazole 
analogs, and thiazides have proved useful as diuretics 


These facts prompted us to synthesize a bicyclic 
thiadiazole to see the effect of the condensed thiadiazole 
and thiazole nucleus on diuretic activity. The compound 
synthesized exhibited significant diuretic activity. 


(7). 


DISCUSSION 


Treatment of 2-thiophenecarboxylic acid hydrazide (Iu) and 
phenylacetic acid hydrazide (Ib) with carbon disulfide and potas- 
sium hydroxide gave the desired unstable potassium dithiocar- 
bazates I I a  and IIb (8). Without further purification, these salts 
were cyclized with boron trifluoride etherate (8) to give 242- 
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thienyl)-5-thio-l.3,4-thiadiazole (“a) and 2-benzyl-5-thio-l,3,4- 
thiadiazole ( I l lb ) .  The IR of Compounds IIIa and IIIb showed the 
presence of the (C=S) band at 7.55 p, the (C-NH) band at 7.05 M, 
and (NH) vibration at  3.5 p, which is only compatible with thione 
Structures IVa and/or IV6 (Scheme I). 


Reaction of 1,3,4-thiadiazole-S-thiol with 2-halogeno ketones 
was found to be an effective route for the synthesis of a bicyclic sys- 
tem (V). 2-Substitution of the 1,3,4-thiadiazole nucleus had a pro- 
nounced effect on the ease. of ring closure. Compound Ilk with 
phenacyl bromide gave 2-(2-thienyl)-5-phenylthiazolo[2,3-6l-l,3,4- 
thiadiazole (V) using a 6-hr. reaction period (Scheme 11). Under the 
same conditions, 2-benzyl-5-thio-1,3,4-thiadiazole (1116) gave an 
intermediate 2-benzyl-5-(phenacylthio)-1,3,4-thiadiazole (VI) 
(Scheme 111). Increasing the reaction time to 24, 36, and 48 hr. re- 
sulted in the same product (VI). This observation can also be sub- 
stantiated by the reaction of 2-furyl-5-thiol-l,3,4thiadiazole with 
phenacyl bromide, which is not reported in this paper but was ob- 
served in this laboratory. This reaction also resulted in a compound 


R--CNHNHZ - R-CNHNHCSK -t 


U I  
0 S 


u 
0 


I II 


I 
H 
Iv 


m 


Ib, IIb, mb, and Nb: R- Q-- 
Scheme I 







Table I-Urine Volume, Sodium Output, and Potaaium Output at 6 Hr. following Intramuscular Injection of Compound V 


Mean Urine 
Volume (ml.) Mean Urine Electrolyte 
for Group of --Concentration, meq./l.- -- paired t Probabilities-------- 


Treatment Five Rats Sodium Potesaium Volume Sodium Potassium 
I .  


3.4 <0.0025 >0.15 <O .025 - - - Control 3.9 24 
10 mg.Fe 5.4 31 5.0 


having a phenacylthio side chain, Attempts to cyclize VI with phos- 
phoryl chloride in xylene were unsuccessful in this system (9, 10). 
The identity of Compound V was established by NMR. The chem- 
ical shifts of CE and Cj protons are 6 7.10 (s) and 2.50 (s), respec- 
tively. 


PHARMACOLDGICAL EVALUATION 


The diuretic activity of 2-(2-thienyl)-5-phenylthiazolo[2.Eb)-1,3,4- 
thiadiazole (V) was studied in male Sprague-Dawley rats (165-190 
0.) by measurement of the effect on the volume of urine and the 
urinary output of sodium and potassium. The test compound was 
suspended in 5 %  acacia and administered intramuscularly to five 
rats at a dose of 10 mg./kg. in a volume not exceeding 0.2 ml. Animal 
subjects were fasted for 18 hr. prior to use and were given a 5-ml. 
injection of 0.9% saline intraperitoneally immediately before the 
drug injection. They were housed individually in metabolism cages, 
and urine was collected in volumetric vessels. Levels were recorded 
at  Wmin. intervals, and at  the end of 6 hr. the final urine volumes 
were recorded and the sodium and potassium concentrations were 
determined by flame photometer. Control levels of urine volume 
and electrolyte output were recorded for each experimental rat 
prior to use in the evaluation of the experimental compound. Table 
I presents data from the studies described above. 


Interval measurements of urine volume indicated that diuretic 
action began at approximately 4 hr. All mean values (volume, so- 
dium, and potassium) were above control levels a t  6 hr. Paired t 
tests, however, did not indicate statistical significance in the sodium 
output change. 


EXPERIMENTAL1 


2-(%Thlenyl)J-tMo-l,3,4-tbiadhmle (mu>-To a solution of 2- 
thiophenearboxylic acid hydrazide (10) (11.4 g., 0.08 mole) and 
potassium hydroxide (9.8 g.) in methanol (160 ml.) was added car- 
bon disullide (10 ml.). The solution was stirred at room temperature 


for 5 hr., diluted with cold ether (800 ml.), and cooled in the re- 
frigerator for 2 hr. It was then filtered. The precipitate was washed 
with cold ether and dried. Without further purification, the potas- 
sium dithiocarbazate (110) lyield 15.2 g. (75%). m.p. 284-285°] 
was suspended in methylene chloride (750 ml.) under a nitrogen 
atmosphere. After 80 ml. of boron fluoride ethyl ether was added, 
the mixture was stirred for t8 hr., poured onto a mixture of ice 
and water, and extracted with ether. The ether layers were combined 
and extracted with potassium hydroxide ( lox) .  The alkaline solu- 
tion was acidified with cold hydrochloric acid ( lox) .  A white pre- 
cipitde formed which was filtered, washed with water, and dried. 
The crude product, on recrystallization from benzene, yielded 2.1 g. 
(17x)  of analytical sample, m.p. 193-194". The IR spectrum (KBr) 
showed absorptions at  6.50 and 6.70 (typical of thiadiazole), 7.55 
(C=S), 7.05 (C-NH), and 3.50 (NH) p .  


AnuL-Calc. for CSH4N&: C, 35.97; H, 2.01; N, 13:98. F&bnd: 
C,36.02;H,Z.l2;N, 13.83. 


Similarly, 2-benzyl-S-thio-I,3,4-thiadiatole (IIIb) was obtained 
in 30% yield. Recrystallization from benzene afforded needles, 
m.p. 118-119";IR(KBr):6.40,6.60,7.60,and7.00p. 


Airu/.--Calc. for CpHaN&: C, 5f.89; H,  3.87; N, 13.45. Found: 
C, 51.80; H, 3.87; N, 13.62. 


lution of IIIa (1.0 g., 0.005 mole) and phenacyl bromide (1.0 g., 
2-(2-lhlenyl)J-pheaylM~l~2,fb]-1,3,4-~~~ 03-A SO- 


0.005 mole) in absoiute ethanol (40 ml.)-was refluxed for 6 hr. &d 
left at room temperature for 3 days. Light-pink needles separated. 
Recrystallization from benzene afforded an analytical sampk, mp. 
134-135", yield0.5g.(32%); IR(KBr);6.00,6.30,6.80, and695p. 


Anul.-CaIc. for CI,HloNISa: C, 55.59; H, 3.33; N, 9.26. Fmod: 
C, 55.30; H. 3.23; N, 9.01. 


similar to the one used for Compound V was followed. The rei- 
action time was increased to 36 hr. The crude material, on recrystal- 
lization from benzene. gave a pure sample, m.p. 105-106", yield 
80~;1R(KBr):5.80(C10),6.30(~N),6.40,and6.75p. 


Atia/.-Calc. for CI,H~,N~OSI: C, 62.54; H, 4.32; N, 8.58. Found: 
C,62.48;H,4.10;N,8.56. 


2-~14-(pbenacylfbb)-lr3,4-Mdh&de (VI)-A P~O- 


Scheme I1 


0 
VI 


Scheme I l l  


Reported melting points are uncorrected. A ThomasHoover Uni- 
Melt apparatus was used for melting-point determinations. Galbraith 
Laboratones, Inc.. Knoxville, Tenn., conducted the elemental analyses. 
IR spectra were taken on Perkin-Elmer model 137-B Infracord spectro- 
photometer. The NMR spectra were taken on Varian XL-100 NMR 
spectrometer. 
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NOTES 


Chemical Constituents of Gentianaceae IV: 
New Xanthones of Canscora decussata 


S .  GHOSAL', R. K. CHAUDHURI, and A. NATH 


Abstract 0 Three new naturally occurring xanthones-uiz., l-hy- 
droxy-3,5,6-trimethoxyxanthone, 1,6-dihydroxy-3,5-dimethoxyxan- 
thone, and 1,3,6-trihydroxy-5-methoxyxanthone, were isolated from 
the roots of Cunscoru decussutu Schult (family Gentianaceae). The 
identity of these xanthones was established by chemical reactions 
and spectral (IJV, IR, NMR, and mass spectra) evidence. Phylo- 
genetic significance of the cooccurrence of these and other polyoxy- 
genated xanthones in C. decussutu is discussed. 


Keyphrases 0 Xanthones, I-hydroxy-3,5,6-trimethoxy-, 1,6-dihy- 
droxy-3,5-dimethoxy-, and 1,3,6-trihydroxy-5-methoxy-isolation 
and identification from Cunscora dccussara 0 Cunscora dccrrssatu 
Schult (Gentianaceae)-isolation and identification of  three new 
xanthones 0 Gentianaceae-chemical constituents, isolation and 
identification of three new xanthones from Cunscoru dccussuru 0 
Medicinal plants-&mscoru decussatu, isolation and identification of 
three new xanthones 


The occurrence of polyoxygenated xanthones in the 
different parts of Canscora decussata Schult (family 
Gentianaceae) was recently reported from this labora- 
tory ( I ,  2). Further chemical investigation with the roots 
of this plant resulted in the isolation of three more new 
xanthones. Characterization of these xanthones and the 
chemotaxonomic significance of the cooccurrence of sev- 
eral polyoxygenated xanthones and a xanthone C- 
glucoside are reported in this paper. C. decussata is used 
in the Ayurvedic system of medicine for a variety of 
purposes (3). Since xanthones are the major constituents 
of this plant, pharmacological screening of these com- 
pounds was also performed to rationalize the uses of the 
plant extracts in the indigenous System of medicine. 
The findings of pharmacological studies were previously 
reported (4). 


EXPERIMENTAL' 


Extraction of C. decussata Roots-Dried and milled roots (2.1 
kg.) were continuously extracted (Soxhlet) (16 hr.) with petroleum 
ether (60-80"). The solvent was removed from the petroleum ether 
extract under reduced pressure when an amorphous residue (161 g.) 


1 All melting points were determined on a Toshniwal melting-point 
apparatus in open capillaries and are uncorrected. UV spectra were 
determined in aldehyde-free ethanol on a Carl-Zeiss spectrophotometcr. 
IR spectra were determined on a Perkin-Elmer 237 instrument in KBr 
pellets, unless otherwise stated. 
hMR spectra were run in CDCla or dimethyl sulfoxide-ds on a Varian 


A-60D instrument. Mass spectra wcre recorded on a A.EI .  MS-9 dou- 
ble-focusing spectrometer with an ionizing potential of 70 ev.; samples 
were directly inserted on a probe, Separation by column chromatography 
was carried out using silica gel (British Drug Houses, 60-120 mesh). TLC 
experiments were done with Kiescl-G (E. Merck). * The plant material was supplied by Mr. B. Singh, Varanasi, India, 
and a herbarium specimen has been preserved at the Botany Department, 
Banaras Hindu University, Varanasi, India. 


Table I-Mass Spectral Data of the Xanthones of C. decussutn Roots 


Molecular Metastable Peaks, 
Xan- Ion, Significant Peaks, --m/e-- 
thone rn/e(%)  mle (2,) Calc. Found 


A 102 (100) 287 (22); 273 (22); 302 -r 287 
272 (1 1); 259 (65) 272.7 272.8 


302 -. 273 
246 4 246.5 


B 288 (100) 273 (9); 259 (13); 258 288 - 273 
(12); 245 (22) 258.4 258.6 


288 - 259 
232.9 232.9 


C 274(100) 259(10); 245(38); 274 - 259 
274 -. 245 


244 (12); 231 (7) 244.8 245.0 


219.0 219.5 


was obtained. The residue dissolved in diethyl ether (100 ml.), 
and the solution was extracted with aqueous sodium hydroxide 
(5z, four 25-ml. portions). The aqueous layer was cooled and 
acidified with concentrated hydrochloric acid, and the acidic solu- 
tion was extracted with chloroform (four 30-1111. portions). The 
combined chloroform extract was washed with water, dried (an- 
hydrous calcium chloride), and concentrated to  a small volume 
(about 15 rnl.). The chloroform concentrate was chromatographed 
over silica gel (200 g.), Elution was done with petroleum ether 
(60-80". 2 1.) and benzene (5 I.). The eluates, upon evaporation, 
gave light-yellow amorphous solids (0.5 I and 1.42 g., respectively). 


Ttie solid obtained from the petrolcum ether fraction showed 
several spots on TLC plates, but repeated column chromatography 
failed to separate any individual xanthone. The mixture of xan- 
thones remained unchanged upon treatment with dimethyl sulfate 
and potassium carbona:e, indicating that they arc permethylated. 


The solid obtained from the benzend fraction showed several 
spots on TLC plates. It was dissolved in chloroform (8 ml:) and 
chromatographed over silica gel (100 g.). Benzene, chloroform, and 
different proportions of mixtures thereof were used as eluents. 


Xanthone A (l-Hydroxy-3,5,6-trimethoxyxanthone)-Early ben- 
zene eluates afforded 1-hydroxy-3,5-dimethoxyxanthone (300 mg.), 
m.p. 178-179". (mixed melting point, co-TLC, and superimposable 
IR) (1). Later benzene eluates gave a mixture of xanthone A (major 
component) and I-hydroxy-3,5-dimethoxyxanthone. The major 
component was purified by rechromatography. I t  crystallized from 
ethanol a s  light-yellow needles (92 mg.), m.p. 17%181"; mixed 
melting point with an authentic synthetic sample, m.p. 179-181 
[prepared according to the method of Shah and Shah (5) and also 
from maclurin] remained undepressed. 


Table 11-UV Absorption Maxima of the Xanthones of 
C.  dccussuta Roots 


Xanthone 


A 
R 
C 


x ~ ~ ~ .  nm. (log c) in  Ethanol 


245(4.67), 282n(4.03), 314(4.37), 338 (3.97) 
225 (4.50), 240 (4.47), 280a (3.92), 3 15 (4.30) 
205 (4.351). 220 (3.94), 248 (4.72), 280" (4. OI),  


315 (4.24), 332 (4.08) 


Inflection. 
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Table III-NMR Data" of the Xanthones of C. decussura Roots 0 HO 
Xan- Methoxyl 


thone Protons H-2 H-4 H-7 H-8 


A' 3.95-4.0 6.351 6.581 7.031 8.08/ 
(9H) 6.31 6.53 6.87 7.92 


(6H) 6.30 6.58 6.90 7.88 
Bc 3.89-3.95 6.341 6.621 7.061 8.041 


Cc  3.85 6.281 6.531 6.981 7.631 
(3H) 6.23 6.48 6.82 7.47 


n Yhc signals (in parts pcr million) wcre rccorded from tetramcthyl- 
silane. b Dcutcriochloroform as solvent. c Dimethyl sulfoxide-ds as sol- 
vent. 


The I-acetyl derivative of xanthone A crystallized from acetone 
as colorless needles, m.p. and mixed m.p. 147--148". 


The I-methyl ether was prepared with dimethyl sulfate and potas- 
sium carbonate in dry acetone under reflux conditions (46 hr.). It 
crystahed from ether-petroleum ether (1  : I )  as colorless needles, 
melting point and mixed melting point with an authentic synthetic 
specimen 146.148". 


Xanthone B (l,6-Dihydroxy-3,S-dimethoxyxatho~)-Early ben- 
zenc-chloroform (1 : 1) eluates afforded a mixture of 1 ,S-dihydroxy- 
3-methoxyxanthone, m.p. 272' (mixed melting point, co-TLC, and 
superirnposable IR) ( I )  and xanthone R .  These were separated by 
fractional crystallization from ethanol, in which 1.5-dihy- 
droxy-3-methoxyxanthone was sparingly soluble. Xanthone B, ob- 
tained from the alcoholic mother liquor, recrystallized from 
alcohol-petroleum ether( 1 : l)as pale-yellow needles, m.p. 192-193". 


The 6-O-methyl ether was prepared by treatment of xanthone B 
with ethereal diazornethane. The derivative crystallized from 
ethanol as yellow needles, m.p. 179~-I8l0.  Mixed melting point 
with I-hydroxy-3,5,6-trimethoxyxanthone remained undepressed. 


Xanthone C (1,3,6-Trihydroxy-5-methoxyxanthone)-The chloro- 
form eluates afforded xanthone C as a brown microcrystalline solid 
(32 mg.), m.p. 285-289". Xanthone C crystallized from methanol 
as light-yellow needles, m.p. 290-291 ". 


The 3,6-di-O-methyl cther, prepared with ethereal diazomethane, 
crystallized from ethanol as yellow needles, m.p. 181". It was 
identical with xanthone A. 


The mass, UV, and NMR spectral data of the three xanthones 
(A C) are recorded in Tables 1-111, respectively. 


RESULTS AND DISCUSSION 


Three previously unreported tetraoxygenated xanthones (xan- 
thones A-C) were isolated from the petroleum ether extract of the 
roots of C. decrtssafu, and their identity was established by chemical 
reactions and spectral evidence (Tables 1-111). In addition to  the 
three new naturally occurring xanthones, two previously reported 
xanthones-- ciz., I -hydroxy-3,5-dimethoxyxanthone and 1,S-dihy- 
droxy-3-methoxyxanthone ( I ) ,  together with a number of per- 
methylated unidentified xanthones were isolated from the petroleum 
ether extract. The characterization of the new xadthones is de- 
scribed here in the order of their isolation. 


XanthoneA,CIIH140B(M+. 302), m.p. 179-181 ", formed a mono- 
acetate and a monomethyl ether (with dimethyl sulfate and 
alkali). It remained unchanged upon treatment with ethereal 
diazomethane. The UV absorption spectrum of the compound 
indicated its close similarity with I ,3,5,6-tetraoxygenated xan- 
thones ( I ) .  Xanthone A showed three methoxyl groups and four 
aromatic protons in its NMR spectrum. The aromatic protons 
appeared as nwfu and orflio split doublets associated with H-2, 
H-4. and H-7, H-8 protons, respectively. A one-proton singlet 
appeared at d 12.97 and was ascribed to the strongly chelated I-OH. 
The signal remained unchanged upon treatment of the xanthone 
with deuterium oxide. On the basis of these observations, xanthone 
A was identified as I-hydroxy-3,5,6-trimethoxyxanthone. This con- 
clusion was further confirmed by a direct comparison of thc xan- 
thone with an  authentic synthetic specimen of l-hydroxy-3,5,6- 
trimcthoxyxanthone (5). 


Xaiithone B, CI!,HIIOG (M+, 288), m.p. 192-193", is a dihydroxy- 
dimethoxyxanthone; it formed a diacctate and a monomethyl ether 
(diazornethane).'I'he nicthyl ether was identical with I-hydroxy-3,5,6- 
trimethoxyxanthone. The UV absorption and NMR spectra of 
xanthone B also showed its closc similarity with 1,3,5,6-tetraoxy- 


OR1 
xan thone  A: R t  = Rz = R, = CH, 
xanthone B: R1 = Rz = CH,, R, = H 
xanthone C: Ri = R, = H, R, = CH, 


mangiferin 
(R = 0-  n-glucoside) 


genated xanthones. Its insolubility in aqueous sodium carbonate 
and unchanged UV maxima in ethanolic sodium acetate (6) indi- 
cated that a methoxyl group is at  C-3. The abundance of the M - 15 
peak (fragment ion at  m/e 273) in its mass spectrum locates the 
methoxyl group at C-5. Xanthones with a 5-methoxy substituent 
are known ( I ,  7, 8) t o  produce abundant fragment ions corre- 
sponding to the loss of a methyl radical, while for m-methoxy- 
pbenols (equivalent to a C-6 mcthoxyl in xanthones) virtually no 
M - IS peak has been found (9). Similar anticipated peaks were 
observed in the current studies with other methoxylated xanthones. 


Xanthone C, C1,HloOs (M+, 274). m.p. 290 -291 O ,  was previously 
obtained ( I )  from the alcoholic extracts of C. derussatu in ap- 
preciable quantities but could not be completely characterired at 
that time. It formed a dimethyl ether with diazomethane and a 
trimethyl ether with dimethyl sulfate and alkali. The UV and NMR 
spectra of the xanthone are characteristic of a 1,3,5,6-tetraoxy- 
genated xanthone. The dimethyl ether was identical with I-hydroxy- 
3,5,6-trimethoxyxanthone. The position of the only methoxyl 
group in xanthone C was determined on the basis of: (a) its solu- 
bility in aqueous sodium carbonate, (b) its failure to gwe Tollen's 
test, (c)  its unchanged UV absorption maxima in ethanolic sodium 
acetate-boric acid, and (d) the shift in its major UV absorption 
peaks in the presence of a trace of sodium acetate. These observa- 
tions locate the methoxyl group of xanthone C at either C-5 or 
C-6 but not at  C-3. The facile loss of 15 mass units from its molec- 
ular ion peak (M+) indicated that the methoxyl group is at C-5. 


This is the first report of the Occurrence of 1,3,5,6-tetraoxygenated 
xanthones in the family Gentianacme and of xanthones A€ in 
nature. Also, the coOccurrence of 1,3,5,6-tctraoxygenated xan- 
thones with the free 1,3,6,7-tetrahydroxyxanthone (8) and 1,3,6,7- 
tetrahydroxyxanthone C2-&D-glucoside, mangiferin. in a single 
plant species (C. decussata). may have phylogenetic and biogenetic 
significance, since these two oxygenated patterns ( I  ,3,5.6 and 
1,3,6,7) are reported to be derived from a common benzophenone 
intermediate, maclurin, by phenolic oxidation (10). 
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Antitumor Agents from Alnus oregona (Betulaceae) 


K. SHETH, E. BIANCHI, R. WIEDHOPF, and J. R. COLE’ 


Abstract 0 The chloroform extract of Alms oregonu showed anti- 
tumor activity against the Walker 256 (SWA16) tumor system. 
Lupeol and betulin were identified as the two constituents re- 
sponsible for this activity. 


Keyphrases 0 Alnus oregonu (Betu1aceae)-isolation and identifica- 
tion of two antitumor constituents, lupeol and betulin 0 Lupeol- 
antitumor agent identdied from Alnus oregonu 0 Betulin-anti- 
tumor agent identified from Ahus oregonu 0 Antitumor activity- 
isolation and identification of lupeol and betulin as antitumor con- 
stituents from AInus oregonu 


During the routine screening of Southwestern plants 
for potential antitumor activity, the chloroform extract 
of the stembark of Ahus oregona Nutt. showed signifi- 
cant antitumor activity in Sprague rats against the 
Walker 256 intramuscular tumor system (5WA16)’. 
Activity in this system is defined as a percent T/C value 
of less than 60 in a satisfactory dose-response test (I) .  
The plant was collected in California2. 


Triterpenes belonging mainly to the taraxane and 
lupane series have been isolated from various species of 
Alnus. Taraxerol, taraxerone, lupeol, lupenone, betulin, 
and betulinic acid as well as other triterpene com- 
pounds have been isolated from A .  glutinosa (2,  3), 
A .  incana (4, 5) ,  A .  virdis (6),  A .  barbata (7), and A .  
subcordata (8). However, a search of the literature failed 
to reveal any chemical investigation of A .  oregona. 


RESULTS AND DISCUSSION 


Because of its chemical complexity, the chloroform extract was 
separated into six fractions by column chromatography using 
partially deactivated alumina (Table I). Fraction E, which consisted 
essentially of 0-sitosterol, was not screened further since the 
CanGer Chemotherapy National Service Center has indicated that 
this compound showed marginal activity in the 5WA16 tumor sys- 
tem. Only Fractions C and F showed significant activity (Table 11). 


Fractions C and F contained essentially single components. 
Fraction C, upon recrystallization from chloroform-methanol, 
yielded a crystalline compound, m.p. 21Ck212’. Its mass spectrum 
showed an M+ peak at 426 with major fragments at mle 218, 207, 


1 Cancer Chemotherapy National Service Center, Bethesda, M D  


? By the U. S. Department of Agriculture. 
20014 


Table I-Alumina Chromatography of Crude Extract 


Fraction Eluent Components 


A Hexane to hexane-benzene (3:l) _- 
B Hexane-benzene (6:4) - 
C Hexane-benzene (1 :I)  Lupeol D Hexane-benzene (1 :1) __ 
E Benzene p-Sitosterol 
F Benzene-chloroforn (3:l) Betulin 


~~ ~~ ~~~ ~ ~ 


Table 11-Biological Activity against 5WM Tumor System 


Dose, Percent 
Compound mg./kg. Survivors TIC (1) 


Crude extract 200 414 28 
22 
46 


Fraction C 400 414 
200 414 


Fraction F 400 414 39 
Lupeol 200 414 39 
Betulin 600 414 


400 314 
13 
26 


and 189. These were indicative of the lupene skeleton (9). The 
NMR spectrum of the compound indicated vinyl protons at 6 
4.66 and 4.75 (d) as well as 3a-H a t  6 3.28 (m), further proof that the 
compound was probably lupeol. Identification was confirmed by 
melting point, optical rotation, and IR of the compound as well as 
of the acetate and benzoate. The IR of the latter was superimposable 
with the IR of an authentic sample of lupeol benzoates. 


The crystalline compound isolated from Fraction F (m.p. 252- 
254”) was identified as betulin. The mass spectrum showed an 
M+ peak at 442, and the NMR spectrum indicated the appropriate 
signal for vinyl protons. The IR spectra of the compound and its di- 
acetate were superimposable with authentic samples4. 


EXPERIMENTAL 


Extraction-Twelve kilograms of the dried stembark of A. 
oregonu was extracted with 21 1. of chloroform in an extractor 
(Lloyd). The extract, after filtration and removal of the chloroform, 
weighed 382 g. 


Column chromatography-Neutral alumina (3.8 kg., activity 
111) was packed in a glass column (64 x 10.5 cm.), using n-hexane 


30btained through the courtesy of Dr. Jack L. Beal. College of 
Pharmacy, Ohio State University, Columbus, Ohio. 


4 Authentic specimens of betulin and its diacetate were obtained 
through the courtesy of Dr. C. Stcelink, Dcpartment of Chcniistry, 
University of Arizona, Tucson, A Z  85721 
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Kinetics of Dehydration and Isomerization of 
Prostaglandins El and Ez 


D. C. MONKHOUSE', L. VAN CAMPEN, and A. J. AGUIAR 


Abstract 0 The degradation of prostaglandins El and EZ was 
studied at 60" at a pH rangeof 1-10. Aconsecutivefirst-order reac- 
tion appeared to be operative above pH 4 for the dehydration and 
rearrangement reactions. Below pH 3 the dehydration appeared to 
be first order with respect to hydrogen-ion concentration. The rate 
of dehydration of Ez was two to three times faster than that of El 
under the same conditions over a pH range of 4-10. The rearrange- 
ment of El and El proceeded at approximately the same rate at 
pH 10. The rate of El rearrangement progressively exceeded that 
of El with a decrease in pH such that at pH 6.  Ez rearranged at a 
rate 15 times that of El. These data suggested that the cis-A6 double 
bond participated actively in the rearrangement reaction of Es, and 
was responsible for the greater reactivity of this molecule com- 
pared to El. 


Keyphrases 0 Prostaglandins El and El-dehydration and isom- 
erization kinetics, pH effect 0 Dehydration and rearrangement 
kinetics-prostaglandins El and E1 0 Kinetics, dehydration and 
rearrangement-prostaglandins El and El 0 UV spectrophotom- 
etry-monitoring, dehydration and isomerization of prostaglan- 
dins El and El 0 pH effect4ehydration and i somer idon  
kinetics of prostaglandins El and EI 


Prostaglandins affect a wide range of physiological 
processes, from the contraction of the uterus to secre- 
tion from the stomach wall. This diversity of action 
accounts for the great current interest in their use as 
pharmacological agents. 


The application of prostaglandins in a number of 
areas has been severely hampered by their apparent 
instability in solution. Karim el al. (1) measured the 
biological activity of saline solutions of prostaglandins 
stored at various pH values at room temperature. The 
PGE compounds showed 2 5 4 0 %  loss of biological 
activity after 60 days at pH 5-7. Andersen (2) reported 
5-20 conversion to PGA', measured spectrophoto- 
metrically, in methanolic solutions of PGEl after 1 
month at 5-10'. Brummer (3) found that, for Ea in 
ethanolic solution stored for 4 weeks at 4', there was no 
detectable loss of total E2 + A*; after 6 months, 33% 
of the E2 had been converted to PGAz and bioassay 
of the solution showed only 50% potency. As a result 
of this study, it was recommended that PGE solutions 
prepared for clinical use be stored as concentrated 
alcoholic solutions in ampuls. These can be stored for 
long periods at -20" and diluted with sterile isotonic 
saline as required within 24 hr. of use. 


The 8-hydroxyketone moiety of the PGE compounds' 
is extremely reactive. Loss of protons at C-8 or C-10 
occurs very readily in both acid and alkaline media. 
The loss of a proton at C-10 may result in a negative 
charge, expulsion of the hydroxyl group at C-11, and 


1 PGEI is 1 la,15(S)-dihydroxy-9-oxo-13-rrans-prosteno~c .acid; PGEz 
is 1 1 a, 1 S(S>dihydroxy-9-oxo-5-cis, 13-trans-prostadienoic acid. 
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formation of a Alo double bond (PGA compound). 
Under base treatment the PGA compounds undergo 
internal rearrangement of the double bond to 
form the relatively stable PGB compounds containing 
a dienone chromophore (Scheme I). 


Treatment of PGEl (1 mg./ml. in methanol) with 1 
ml. of 1 N HCI resulted in 80% conversion to a mixture 
of PGA, and methyl PGAl after standing for 16 hr. in 
the dark at room temperature. Systematic studies (4) 
of the stability of methanolic solutions of PGEl in 
various media for 6 hr. at room temperature revealed 
that PGAl formation was only evident at low pH 
values (<3) or if the buffer exceeded pH 7.4. Thus, in 
buffers of carbonate-borate-potassium hydroxide (pH 
10.0) or sodium acetate-potassium hydroxide (pH 
11-1 lS), approximately 50-60% conversion of PGEl 
to PGAl was obtained. At the higher pH value, 20% 
PGEl passed into the PGB form after 6 hr. at room 
temperature. In the presence of oxalic acid (pH 2.5), 
saturated ammonium chloride in biphthalate buffer 
(pH 4), potassium acetate-acetic acid (pH 5), or sodium 
acetate (pH 7.4), PGEl was found to be stable (<lo% 
conversion to PGAl) for 6 hr. at room temperature; 
longer exposure, however, did result in significant PGA 
formation. 


Oesterling (5) measured the rate of dehydration of EI 
and E2 and the rate of isomerization of A1 and A2 in 
dilute sodium hydroxide solutions. These processes 
exhibited a first-order dependency on hydroxide-ion 
concentration, with activation energies between 13 and 
15 kcal./mole. Using TLC and GLC, he found no 
compounds other than the expected degradation prod- 
ucts during the reactions. 


Since stability studies appearing in the literature 
were of a preliminary nature, providing limited kinetic 
information, the purpose of this study was to obtain 


0 n 
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dH 
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Scheme I 







additional data dealing with the relative rates of the 
dehydration and rearrangement reactions of both 
PGEl and PGG. 


EXPERIMENTAL 
UV Spectroscopy-An automatic recording spectrophotometer' 


afforded UV measurement at the two wavelengths of choice at 
definite intervals over extended periods of time. The instrument 
was equipped with an automatic reference compensator, a wave- 
length programmer, and an auxiliary dwell unit. A thermistor 
probe was attached to the sample compartment so that the cell 
temperature could be automatically recorded prior to the absor- 
bance reading. The temperature was controlled by a constant- 
temperature circulator'. 


Stock solutions of prostaglandins were accurately prepared at a 
concentration of 1.0 mg./ml. in 90% aqueous ethanol and stored 
at 0". Measurements were made on triplicate stock solutions. A 
75-pl. aliquot of the stock solution was measured in a gastight 
syringe' equipped with a Teflon-tipped plunger and Chaney 
adaption for reproducible delivery. Four 5.0-ml. quantities of 
aqueous solvent, measured in volumetric flasks, were pre- 
equilibrated to the temperature at which the study was to be con- 
ducted. One aliquot of PGE stock solution was added to each of 
three solvent flasks at zero time. The fourth solution served as the 
reference blank. The final concentration of prostaglandin in the 
solutions was 4.20 X lo-* M. Because absorbance readings were 
conducted at 218 nm., it was necessary to take certain precautions; 
for example, special cells6 were used which have a high percent 
transmission below 200 nm. In addition, end absorption due to 
buffer species was overcome by dilution. The buffers used were 
sodium dihydrogen phosphatexitric acid (pH 2.2-8.0), glycine- 
sodium hydroxide (pH 8.6-10.6), glycine-hydrochloric acid (pH 
2.2-3.6), and hydrochloric acid-potassium chloride (pH 1.1-2.2). In 
all but the latter system, the buffer solutions were diluted to ap- 
proximately 0.002 M, while the concentration of the hydrochloric 
acid-potassium chloride buffer was 0.05 M in potassium chloride. 


Beer's law plots were made for the aqueous PGEI solutions, and 
the values of the absorptivity of the PGA and PGB species were 
calculated from aqueous acid and base treatments, respectively 
(X,,PGA = 218 nm., em = 9500; X-PGB = 278 nm., ens = 
20,500). The measurement of PGE could be made at any time in- 
terval during the degradation by calculating the concentrations of 
PGA and PGB from the absorbances at 218 and 278 nm., respec- 
tively. Overlap of the 278-nm. peaks at 218 nm., however, neces-. 
sitated a correction factor f for the calculation of APOA(~IR).  This 
factor maintained a constant value equal to the ratio of the ab- 
sorbance of PGB at 218 nm. to its absorbance at 278 nm. There- 
fore: 


Awrcrls = Ahcria - f. Amscnw 


XE f XA f XB = 1 


(Eq. 1) 


(Eq. 2) 


wheref = 0.135. Then: 


and : 


where Ei = initial molar concentration of E, and X represents mole 
fraction. 


The rate constant kl in the degradation sequence (Scheme 11) 


ki k ,  
PGE + PGA --t PGB 


Scheme I1 


was accurately measured by plotting log XE versus time, where kl = 
-2.303 '(slope), or by plotting log(X~, - XA,) uersus time (only 
in the case where kr 'v 0). The rate constant kr was estimated 
by plotting log(xBm - XB,) uersus time in the region toward the end 
of the reaction. 


Gilford model 24004. 
Braun Thennomix 11. 


4 Hamilton. 
6 Suprasd. 


M 4 0 6 0 8 0 1 0 0  
HOURS 


Figure 1-Reaction pmffle for PGEl - PGAl + PGW at pH 8.0 
and60'. Key: O,PGEI; .,PGAl;andA,PG&. 


Since the direct measure of B contained the least error, these 
data points and other required parameters were entered into a 
computeP. By using a consecutive first-order program, the graphi- 
cally calculated kl and kt values were used to compute the molar 
ratios of E, A, and B as a function of time, where: 


(Eq. 4) 


(Eq. 5) 


E = &e-kJ 


A = Eik1(e-k1;-e--kJ)/(k, - k l )  


and: 


B = &[l - (kle-kd-kte-kJ)/(kl - k,)] (Eq. 6) 


The average absolute deviation from the observed values was used 
as a criterion of accuracy for the computed values. The estimated 
rate constants were varied by an iteration procedure so as to mini- 
mize this deviation. The "best fit" values thus obtained were con- 
sidered to be closer to the true values than were the experimentally 
observed data calculated from Eqs. 1-3. 


TLC-TLC provided a means of checking the initial purity 
of prostaglandin samples as well as monitoring samples subjected 
to induced degradation. It also allowed the direct study of PGE's 
that are transparent to UV light. The chromatographic procedures 
utilized were extracted from a study of analytical and preparative 
chromatographic methods for monounsaturated prostaglandins 
by Andersen (2). 


Samples of prostaglandin were prepared for TLC by dissolving 
P G E  in 90% aqueous ethanol at a concentration of 1 mg./ml. Thin- 
layer plates', 15.2 X 20.3 cm. (6 X 8 in.), coated with silica gel GF, 
were developed in the usual ascending manner following a partiel 
pass in absolute methanol [to approximately 2.54 cm. (1 in.) above 
the origin] to pull the prostaglandins away from strong base which, 
if present, interfered with spot mobility. The solvent system used 
to resolve the parent prostaglandins apart from their degradation 
products was ethyl acetate-88z formic acid (400:5), and the de- 
tection methods were a 5 %  ethanolic solution of phosphomolybdic 
acid and 254 nm. UV light. 


RESULTS AND DISCUSSION 


In the present study the degradation behavior of the two E 
prostaglandins was investigated under identical buffer conditions 
covering a wide pH range. A temperature of 60* was chosen to 
accelerate the decomposition rates so that their measurement would 
be kinetically convenient. It was assumed that the increased rates 
were mediated only by thermal phenomena rather than by free 
radical processes initiated by light or the presence of oxygen. 


Since the reaction pathway is of the first-order consecutive type 
above pH 4, typical concentration uersus time curves were observed. 
In Figs. 1 and 2, the change in mole percents of the relevant species 
with time is shown for the El and B reaction profiles at 60" in pH 


a Digital PDP-10. 
7 Analtech. Inc. 
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Figure %Reaction profile for PGEI - PGA, --c PG& at p H  8.0 
andbo". Key: 0. PGEa; m, PGAt: and A, PG&. 


8.0 buffer, respectively. These profiles suggest that the concentration 
of the original 8-hydroxyketone moiety (E) decreased by a first- 
order rate and that El decreased faster than El. The intermediate 
&unsaturated ketone product (A) rose to a maximum after about 
13 hr. for & and after 32 hr. for El. In addition, the height of the 
maximum for AZ was less than that of A1 (79z uersus 89%). After 
this maximum was reached, the A products decreased in an ap- 
proximately linear fashion. Following an induction period (3 
hr. for & and 10 hr. for BI), the concentration of the rearranged 
thermodynamically more stable product (B) rose rapidly and tailed 
off upon approaching completion of the consecutive reaction. AC 
though mechanistic theory dictates these reactions to be reversible, 
experimental and resulting thermodynamic considerations showed 
the reaction to favor overwhelmingly formation of the PGB com- 
pounds under all testing conditions, resulting in negligible reverse. 
reaction rate constants. 


The initial content of the intact E compound only approached 
the theoretical concentration of 100%. This was possibly due to a 
small amount of A compound initially present in the stock solu- 
tions. These stock solutions, although stored at  zero degrees. 
showed minor degradation after 1 month. When necessary to ob- 
tain an approximate "Zero time" at which 100% E was present, 
the plots were extrapolated to 0% A and 0 B on an appropriately 
adjusted time axis. 


Below pH 4 the concentration of E approached a final value 
asymptotically as the reaction proceeded toward completion. At 
the pH levels investigated between 1 and 4, the reaction of A + B 
became insignificant, while the reaction E 4 A proceeded by a 
pseudo-first-order rate law since the solvent (water) was present in 
large excess. At very high acid concentrations, degradation con- 
tinued beyond the formation of A, as shown in Scheme 111, where 
X was an unidentified product(s) that formed from either El or & 
and exhibited a molar absorptivity of approximately 20,oOO at  a 
Amax of 325-330 nm. (Rj = 0.8). Under the conditions of the ex- 
periments reported here, kl >> kl, for which reason the A - X 
reaction was neglected in the kinetic treatment of the E -+ A reac- 
tion. When the dehydration step was treated as a first-order reac- 
tion, the values of kl could be calculated from the slope of the graph 
represented by Fig. 3. The reaction was also first order with respect 
to prostaglandin since little variation in the rate constants was ob- 
served upon varying initial reactant concentration. 


Above pH 4, however, the rearrangement reaction became signif- 
icant*. In the general consecutive reaction (Scheme 11), the E compo- 


* Some ester formation could have occurred at the free carboxyl group 
duc to the presence of a small quantity of ethanol in the sample from the 
stock solution. For present purposes, this esterification was considered 
to exert an insignificant effect on the rates of dehydration and rearranee 
mcnt reactions. The occurrence of ester formation was observed on thin- 
layer chromatograms where the RI of the ester slightly exceeded that of 
its corresponding acid. 


Figme %-Dehydration of PGE in acid solutions at 60". Key: 0, 
pH 1.22; 0 , p H  1.81; 8,pH2.20; ando,pHJ.OI. 


nent represented the only component that could be described by a 
simple first-order equation (Eq. 4). Both the A and B components 
were biexponential functions which had a time course that was de- 
pendent'upon both kl and kt (Eqs. 5 and 6). Data representing A or B 
could not be analyzed for either kl or &¶ by the usual first-order 
plotting techniques. In general. over the pH range studied the rate 
of rearrangement was exceeded. by the dehydration reaction only 
by an average factor of 10. While the loss of E was dependent on 
&I, the formation of A and B was dependent upon both kl and ka. 
Thus the overall rate process was not governed by a single constant. 
For this reason, data collected for A and B as a function of time 
were first treated graphically to obtain approximate values of kl 


and kt. These values and other required parameters were then 
treated by numerical integration on a digital computer to fit calcu- 
lated values to the observed values of the appearance of B. These 
values of B were considered to be the most accurate data because 
of the high sensitivity of the absorbance readings (large absorp- 
tivity). The values of A at 218 nm. were frequently subject to in- 
terference from end absorption of buffer species present which 
required a high slit width compensation, contributing greater error 
to the measurement of A. When the computer-optimized values 
were plotted as a function of pH, characteristic log rate-pH pro- 
files developed (Figs. 4 and 5). 


The log kl-pH profiles for the dehydration reactions of E to A 
are shown in Fig. 4. The pH of maximum stability in aqueous solu- 
tions of El and Et was about 3-4. Specific hydrogen-ion catalysis 
(slope. = -1) was evident below pH 3.0 for both El and &. The 
pH-independent region of pH 3-4 probably resulted from solvent 
catalysis. This pH-rate profile represents the comparative rates 
observed at  identical buffer concentrations less than 0.002 M (ex- 
cept at pH < 2.5 where buffer concentration reached 0.05 M). 
At higher buffer concentrations, a study of ionic strength effects 


Flgue 4-L.og kl-pH profile for  the dehydration of PGEI (0) and 
PGEI (0) at 60". 
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Table L-Thermodynamic Activation Parameters. for Prostaglandias EI and El 


El . -- 
Reaction Type PH E,,, kcal./mole AS+¶* e.u. &, kcal./mole AS%, e.u. 


Dehydration 1.2 18 -22.4 18 -22.4 
Dehydration 8 24 -8.4 24 -7.0 
Isomriation 8 m -25.8 20 -22.3 


0 These are “apparent” values calculated from reaction in dilute aqueoua buffer. 


was undertaken. Only a minimal effect was noted, however, pre- 
sumably due to overriding buffer catalysis. No experiments have 
yet been conducted to extrapolate k values to zero buffer concentra- 
tion. Therefore, although specific hydroxyl-ion catalysis con- 
tributed most significantly to dehydration in alkaline conditions, 
general acid-base (solvent) catalysis at moderate pH’s decreased 
the slope of the alkaline branch of the catenary to less than +1 
(slope - 0.3). The difference in values of the rate constants for the 
dehydration of El and B under these solvent conditions was evident 
at alkaline pH’s. In general, B dehydrated twice as fast as El. 
Sufficient data were not available at this time to determine if the 
slopes of the lines were actually parallel. Although the absolute 
values of kl were significantly different, this difference appeared to 
be relatively independent of pH. At pH 9.0, as in acid media, the 
rates of reaction were proportional to the initial concentration of 
reactant, again suggesting first-order dependence on E concentra- 
tion. 


The log k r p H  profiles for the rearrangement reactions of El 
and B are represented by the linear graphs shown in Fig. 5. The 
slopes of these lines were again < + 1 (0.5 for El and 0.35 for Ez), 
suggesting that more than simple specific hydroxyl-ion catalysis 
was involved. Below pH 7.0, the rate of the rearrangement reaction 
for El became negligible, whereas the rearrangement of Er re- 
mained significant down to pH 5. In the case of kr the relationships 
of rate and pH between the two E prostaglandins in dilute aqueous 
buffer were dissimilar. The. rate of B rearrangement was signifi- 
cantly faster than El at intermediate pH’s, while at high pH their 
rates became comparable. 


From this discussion, no definite conclusions could be reached 
with respect to the specific mechanisms involved in the reaction. 
Since k, was greater than k~ only by an order of about 10 over a 
broad range of pH, the isomerization step could not be considered 
significantly rate determining. The values of the thermodynamic 
activation parameters derived from the Arrhenius plot (Fig. 6), 
listed in Table I, allow some general insight into the mechanistic 
differences between El and E. The differences in their thermody- 
namic character are attributable to conformational properties that 
affect molecular orientation during both dehydration and isomeriza- 
tion. Nevertheless. it is difficult to propose a full explanation for 
the shapes of the reaction profiles at this time. 


For the acid-catalyzed dehydration reaction, the slopes of the log 
ra tepH profiles for El and E5 were identical (Fig. 4). Furthermore, 
the rate constants (k,) under the same. conditions were also identical, 


3 4 5 6 7 8 9 10 
PH 


Figure S L o g  k r p H  profie for the rearrangement of PGA1 (0) 
andPCA,(O)at 60”. 


which implied a similar mechanism of dehydration for both com- 
pounds under the given acid conditions. Any intramolecular effect 
of the carboxyl group on this reaction was presumed negligible 
because of its lack of physical proximity to the reaction center. 
Although B is slightly more acidic than El (pKa(E1) = 5.32, pKa- 
(El) = 5.70 as measured in 85% aqueous ethanol], this difference 
in acidity was considered inconsequential with respect to its in- 
fluence on reaction rates. Intermolecular participation of the acid 
moiety also appeared insignificant since studies yielded an invariant 
rate constant over a moderate range of substrate concentration. 
The alkaline side of the catenaryfor the kl profile was slightly dif- 
ferent for El and E1. The slopes of their reaction profiles approached 
the same magnitude, suggesting a constant ratio of kl (El) to kl 
(B), the value of which was approximately 2.5. The apparent 
energy of activation for El was similar to that of G in the given 
solvent environment, while their apparent entropies of activation 
were slightly different. This difference in entropy can be ex- 
plained by the orientation requirements of solvent molecules 
around the elimination reaction centers of the two compounds. 
It is expected that their mechanisms of base-catalyzed dehydration 
are similar to one another. 


In contrast, the slopes in the log rate-pH profile for the rearrange- 
ment reactions were markedly different for El and B (Fig. 5). This 
reaction has two primary driving forces: (a)  the tetrasubstituted 
PGB double bond is more stable than that of PGA (6), and (b) it 
contains a system of extended conjugation. The only structural 
difference between the two molecules is the cis-As double bond of 
B, which occurs as a saturated bond in El. Rotation about the 7-8 
carbon-carbon bond could place this double bond of Et in a posi- 
tion such that it could interact with the ketone moiety at position 9. 
Such an interaction, however, would influence the relative reaction 
rates in the opposite direction to that observed, i.e., inhibit rather 
than accelerate the B rearrangement with respect to El. The a p  
parent minimum energy differences between the reactants and their 
transition states were identical for both molecules. The apparent 
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entropy of activation values for El and G were different, however, 
which suggested an explanation for the difference in reaction rates. 
The large negative values of AS* reflect a significant requirement in 
molecular orientation, presumably of the side chains. The cis-A6 
double bond imposes certain restraints on the free rotation (low- 
ering its degree of freedom) of the C-8 side chain vis4-vis the C-12 
side chain, causing increased nonbonded interactions when both 
chains lie side by side. These factors become especially important 
when a carbanion is introduced into the cyclopentenone ring at 
C-12, forcing the associated side chain and ring to lie flat in one 
plane. Some of these interactions are relieved if the unsaturation in 
the C-8 side chain is removed. It then has a more “floppy” nature, 
which allows it to lie away from the now rigid C-12 side chain. 
Thus, & contains a lower absolute entropy in its reactant state than 
El, which must accordingly suffer a greater entropy loss during 
conversion to its carbanion transition state. These interpretations 
hold only qualitative value since absolute thermodynamic param- 
eters must be determined only at zero buffer concentrations. 
Nevertheless, the data presented here retain comparative signifi- 
cance and indicate that the difference in behavior between El 
and Ez is clearly the result of complicated conformational effects. 


In summary, there is a difference in the rates of dehydration and 
rearrangement between El and h. No well-defined mechanism illus- 
trating the reason for this difference can be presented at this time; 


however, such a mechanism should involve participation of the 
cis-AS double bond which is present only in B. 
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Metabolism of the Antihypertensive Agent 
1,4-Dihydro-2,6-dimethyl-4-( 2-trifluoromethylpheny1)- 
3,5-pyridinedicarboxylic Acid Diethyl Ester 


S. S. WALKENSTEIN’, A. P. INTOCCIA, T. L. FLANAGAN, B. HWANG, D. FLINT, 
J. WEINSTOCK, A. J. VILLANI, D. BLACKBURN, and H. GREEN 


Abstract 0 The absorption, distribution, metabolism, and excre- 
tion of 1,4-dihydro-2,Bdimethyl-4-(2-trifluoromethylphenyl>3,S- 
pyridinedicarboxylic acid diethyl ester, an antihypertensive drug, 
was studied in rat, dog, and squirrel monkey. The drug, labeled 
with 14C, was found to undergo aromatization, hydrolysis of its 
ester groups, and oxidation of a ring methyl and an ethyl group. 
No dihydropyridyl metabolites or the hypothetical aromatized 
parent compound were found. The metabolites identified were: 
2,6 - dimethyl- 4 - (2 - trifluoromethylphenyl) - 3 3  - pyridinedicar- 
boxylic acid, its monoethyl and mono-2-hydroxyethyl esters, and 2- 
hydroxymethyl - 6 - methyl - 4 - (2 - trifluorornethylphenyl) - 3.5- 
pyridinedicarboxylic acid lactone. The form in which the drug was 
administered was found to  have a profound effect on its absorption. 


The crystalline powder administered to  dogs in gelatin capsules was 
poorly absorbed; solubilization with polyethylene glycol 200 
resulted in a fivefold increase in absorption. 


Keyphrases 0 1,4-Dihydro-2,6dimethyl-4-(2-trifluoromethyl- 
phenyl>3,5-pyridinedicarboxylic acid diethyl ester, radiolabeled- 
absorption, distribution, metabolism, and excretion in rats, dogs, 
and monkeys 0 Antihypertensive agents-metabolism of 1.4- 
dihydro - 2,6 - dimethyl - 4 - (2 - trifluoromethylphenyl) - 3,5 - pyr- 
idinedicarboxylic acid diethyl ester, in rats, dogs, and monkeys 0 
Absorption - 1,4 - dihydro - 2,6 - dimethyl - 4 - (2 - trifluoromethyl- 
phenyl>3,5-pyridinedicarboxylic acid diethyl ester, in rats, dogs, 
and monkeys 


1,4-Dihydro -2,6-dimethyl-4-(2-trifluoromethylphen- 
yl)-3,5-pyridinedicarboxylic acid diethyl ester (I) 
is an effective agent for lowering blood pressure by 
direct vascular dilatation in normotensive, neurogenic, 
and renal hypertensive dogs. Hypotensive effects were 
also observed in rats, rabbits, and guinea pigs. The 
drug also lowered blood pressure in human subjects 
at relatively low oral doses (10 mg.). 


I SK & F 24260. 
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As part of the preformulation and preclinical in- 
vestigation of this compound, its absorption, distribu- 
tion, metabolism, and excretion in rats, dogs, and 
monkeys were studied. These studies were facilitated 
by the use of the 14C-labeled drug. 


EXPERIMENTAL 


Synthesis of Labeled Drug-Compound I-4-14C was prepared 
as shown in Scheme I. W-Labeled drug was shown to be free of 
radiochemical impurity and had a specific activity of 4 pc./mg. 
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P H A R M A C E U T I C A L  TECHNOLOGY 


Evaluation of Inhalation Aerosols Using a 
Simulated Lung Apparatus 


ARNOLD W. KARIG*, GARNET E. PECK’, and GLEN J. SPERANDIO 


~ ~ 


Abstract 0 A model lung chamber was designed for the evaluation 
of oral inhalation aerosols. The lung chamber was a compartmental- 
ized unit based on certain parameters of the human respiratory 
tract. A vacuum system was used to regulate the flow rate through 
the chamber. Based on studies of air flow rate and evaluations with 
medicinal aerosol units, a vacuum of 30.4 cm. (12 in.) of mercury 
was chosen as the most suitable pressure for analysis of the aerosol 
samples within the chamber. Sampling of the chamber was by 
gravity, deposition of the nebula in sample collection vials at- 
tached to the base of each compartment, or full rinsing of each 
compartment. Samples were analyzed spectrophotometricaly. The 
particle-size distributions of aerosolized talc samples from each 
chamber compartment were determined to  evaluate the separation 
characteristics of the model lung chamber. Solutions of varying 
strengths of isoproterenol hydrochloride and phenylephrine hy- 
drochloride aerosolized using several common aerosol devices 
demonstrated the model lung chamber to be a suitable device for 
evaluating medicinal and pharmaceutical aerosol units. 


Keyphrases 0 Inhalation aerosols--evaluated using simulated 
lung chamber 0 Aerosols, inhalation-evaluated using simulated 
lung chamber 0 Simulated lung chamberdesign used to evaluate 
inhalation aerosols 0 Lung chamber, simulated-design used to 
evaluate inhalation aerosols 


Until recently, aerosol inhalation therapy has received 
comparatively little attention when compared with the 
more conventional dosage routes for drugs. However, 
with the development of pressurized aerosol technology 
and portable aerosol-generating equipment and an in- 
creasing appreciation of inhalation as a route for the 
administration of medicinals, considerable interest has 
developed in this area. 


Inhalation therapy may be used to administer drugs 
for local and/or systemic response. By effecting depth 
of penetration and retention of inhaled medicinals, it 
is possible to obtain a purely local action without sys- 


temic effects or a combination of local and systemic 
action (1-3). Several parameters influence the penetra- 
tion and deposition of inhaled materials in the lung. 


Extensive research (4-12) has been conducted on the 
relationship of particle size to distribution and reten- 
tion in the lungs. The conflict of theories and experi- 
mental results from these investigators has been attrib- 
uted to such variable factors as species of animal used, 
nonuniform breathing rates, methods of measurement 
of particle-size distribution, methods of administering 
the agents used, and effects of lung moisture content 
on the size of inhaled particles (3, 6, 7, 13, 14). All 
authors agree, however, that depth of penetration in- 
creases with decreasing particle size while whole lung 
retention increases with increasing particle size (1, 6, 
15, 16). The optimum particle-size range for inhalation 
of medicinals into the lungs is currently accepted as 


While the importance of particle size in inhalation 
therapy has been well documented, the other parameters 
effecting deposition and retention of inhaled matter 
have received less attention. In addition, pharmaceuti- 
cals are available in pressurized form for administration 
as either liquid droplets or fine solid particles. However, 
no evidence in the literature documents the superiority 
of solution systems of inhalation aerosols over suspen- 
sion systems or vice versa. 


Since in oiuo evaluation of inhaled materials can lead 
to a disparity of results due to variable factors, there 
is a need for a good in v i m  method of evaluating in- 
haled materials. This study describes the development 
of a collection chamber for in v i m  analysis of materials 
from pressurized pharmaceutical aerosols or other 


0.5-5.0 p (17, 18). 


aerosol-generating equipment. -_ 
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Table I-Model Lung Chamber now Rates 


Vacuum Setting, 
cm. (in.) of Mercury 


Air Flow Rate through 
Lung chamber, ft./sec. 


7.613) 2.5 
3.0 
3 . 5  
3 . 5  
4 . 0  
5 .0  


EXPERIMENTAL 


Construction of Model Lmg Chamber-In the design of the lung 
chamber, it was desired to create a device that would relate to the 
pathway followed by an inhaled aerosol in the respiratory tract of 
man. The superstructure of the lung chamber was fabricated from 
an acrylic plastic tube 15.2 cni. (6.0 in.) in diameter [13.9-cm. 
(5.5-in.) i.d.1 and 92.1 cm. (36.25 in.) in length. 


The tube was partitioned into six compartments by ccmenting in 
place plastic plates at specified intervals. Each compartment was 
designed to represent a given segment of the human respiratory 
tract. The basic parameters used in design of the lung chamber were 
based on the measurements of Findeken (4) and Landahl (8). 
Compartment I represented the trachea, Compartment 2 the pri- 
mary bronchi, Compartment 3 the secondary bronchi, Compart- 
ment 4 the tertiary bronchi, Compartment 5 the quatenary bronchi, 
and Compartment 6 the remainder of the bronchial tree. The path- 
length from the entrance into a compartment to the exit from that 
compartment was four times the length of the corresponding lung 
segment represented by the compartment. For example, the path- 
length from the entrance orifice of Compartment 1 to the opening 
into Compartment 2 represented approximately four times the 
length of man's trachea. 


The diameters of the openings into each lung compartment were 
five times the diameter of the corresponding component of the 
human lung. The sole exception was the tracheal opening (opening 
into Compartment 1) which was approximately actual size for more 
effective screening of large aerosol particles normally too large to 
penetrate into the lungs. Openings were located in a staggered up 
and down and offcenter arrangement. The pathway from one orifice 
to the next was at varying angles. This arrangement was chosen to 
give a rough approximation of the tortuous path followed by in- 
haled aerosol particles in the lungs. 


Entrance to the tracheal compartment of the lung chamber was 
via a segment constructed to represent the approximate actual size 
of the human mouth. The mouth segment was constructed by 
cementing a 7.6-cm. (3-in.) diameter [6.3cm. (2.5-in.) i.d.1 tube. 
5.9 cm. (2.36 in.) in length, to the front portion of the chamber. The 
opening into the mouth compartment was designed to fit the mouth- 
piece of commercial aerosol units. The opposite end of the lung 
chamber was sealed with a plastic plate through which a center 
vacuum spout was affixed. 


Threaded sample collection ports were centrally located at  the 
base of Compartments 1-5. These threaded ports were fitted with 
20-ml. glass vials for collection of aerosol samples from each com- 
partment for spectrophotometric or particle-size analysis. For 
cleaning purposes the lung unit could be disassembled into four 
parts or sections. Flat rubber gaskets were used as seals between 
the lung sections. The sections were held together by two large 
plastic plates fitted on each end of the lung and pulled together by 
three threaded rods having wing nuts on each end. 


Sample Collection Procedures-Two sample collection procedures 
were employed in the study of liquid aerosols. In the first method, a 
3.0-ml. portion of distilled water was placed in each of the five 
collection vials. Samples of the nebula were collected by gravity 
deposition of the mist during aerosol delivery. Following the sam- 
pling sequence, the collection vials were removed and an additional 
7.0-ml. portion of distilled water was added to each vial. After 
thorough mixing, the samples were analyzed spectrophotometri- 
cally. 


The second method of sample collection employed rinsing of each 
chamber compartment and analysis of the resultant solution. The 
aerosol was delivered to the chamber, with dry collection vials 
attached to ch collection port. Following aerosol delivery, the 
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Table II-Average (Three Trials) Deposition Patterns for Two 
Commercial Medicinal Aerosol Units at Several Vacuum Settings 


~~~ ~ 


Mercury - 
Com- 7 . 6  15.2 22.8 30.4 38.1 50.8 
part- cm. cm. cm. cm. cm. cm. 
ment (3 in.) (6 in.) (9 in.) (12 in.) (15 in.) (20 in.) 


~ 


Isoproterenol HCP, 96 Deposition per Compartment of Aerosol 
Depodtlng in Chamber Compartments 1-5 


1 55.9 -58.1 46.7 45.0 42.8 3 5 . 5  
2 17.5 12.9 11.7 10.7 12.5 12.4 
3 6 .4  5 . 5  6 .4  6.1 7 . 2  9 . 0  
4 5.3 6 .0  10.9 11.8 12.6 17.0 
5 14.9 17.5 24.3 26.4 24.9 26.1 


Isoproternd Sulfnt&,% Deposition per Compartment of 
Aerosol Depodting In Chamber Compartments 1-5 


1 39.4 38.6 34.3 33.6 3 3 . 0  30.7 
2 23.0 22.1 21.5 22.9 23.4 16.8 
7 12 9 10 9 13.9 10.9 1 1 . 3  7 .7  - 
4 10.8 12.2 i3 .9  i2 .9  14.5 18.8 
5 13.9 16.2 16.4 19.7 17.8 26.0 


a Isuprel Mistometer Wjnthrop Laboratories, New York, NY 10016. 
h Medihaler-Iso, Riker bboratories. Northridge, CA 91324 


chamber was inverted, the collection vials were removed, and 20.0- 
ml. portions of distilled water were added to each compartment 
using a hypodermic syringe. In Compartments 1 and 2, the 20.0 
ml. of distilled water was added directly into the compartment 
proper. In Compartments 3-5, the 20.0 ml. of distilled water was 
first directed around the orifice of the compartment endplate by 
means of a plastic tubing extension on the syringe to remove the 
impacted sample. The chamber was slowly rotated to wash thor- 
oughly all sample from the sides. The collection vials were then 
attached, and the sample solutions were drained into the vials. 
Spectrophotometric analysis of the samples was then conducted. 


For sample collection of powder aerosols, dry sample vials were 
attached to each collection port of the lung chamber. Following 
delivery of the powder aerosol, the powder collected in each com- 
partment was shaken into the collection vials or pushed into the 
vials using a spatula. The samples were analyzed using a Coulter 
counter1 to determine the solid particle distribution of the powder 
sample from each compartment of the lung chamber. 


Aerosol Devices-Two metered commercial medicinal aerosol 
units and one commercial pharmaceutical aerosol unit were em- 
ployed in evaluating the operating characteristics of the lung 
chamber. One of the commercial medicinal aerosol units was a 
fine-particle suspension of isoproterenol sulfate in an inert propel- 
lant of fluorochlorohydrocarbons. Each metered dose delivered 75 
mcg. of isoproterenol sulfate. The second metered aerosol employed 
was a solution of isoproterenol hydrochloride, alcohol, and fluoro- 
chlorohydrocarbon propellants. Each measured dose of the unit 
delivered approximately 125 mcg. of isoproterenol hydrochloride. 
For delivery of aerosol to the chamber, the units were in the in- 
verted operating position with the mouthpiece inserted into the 
mouth of the chamber by a clamp arrangement. The requisite 
number of actuations was then made. One commercial pharma- 
ceutical aerosol unit, a pressurized perfumed talc spray, was used in 
the study. Delivery of powder to the lung chamber was by means of 
short bursts directed into the mouth of the lung. 


Several nonpressurized aerosol devices were employed, including 
an air-displacement aerosol unit, a hand nebulizer for solutions and 
a powder nebulizer adapted for hand operation. The air-displace- 
ment aerosol unit consisted of two pieces, a compressor and a 
nebulizer. The compressor was connected to the nebulizer by m a n s  
of a plastic air hose. The diaphragm-type compressor was designed 
to deliver oilless air to the nebulizer a t  approximately 12 p.s.i. pres- 
sure. The nebulizer unit was baffled and vented so that a reverse 
air flow produced an increased delivery of finer particles. For use 
with the lung chamber, the air-displacement aerosol unit was 
adapted for continuous flow, the rate of delivery being approxi- 
mately 5 ml. of solution/min. Solutions of isoproterenol hydro- 
chloride or phenylephrine hydrochloride were delivered on a timed 
basis. The nebulizer unit was positioned with its tip inserted into 


1 Model B, Coulter Electronics, Hialeah, Fla. 
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Figme I-Particle-size distributions for nebulized talc LISP samples 
collected from lung chamber compartments. Key: 0, Compartment I ;  
0, Compartment 2; A, Compartment3; a, Compartment 4; and 8, 
Compartment 5. 


the chamber mouth using the same arrangement employed for the 
pressurized medicinal aerosols. 


Both the solution nebulizer and the powder nebulizer were oper- 
ated by means of a rubber hand bulb. Solutions of isoproterenol 
hydrochloride were aerosolized by a given number of compressions 
of the hand bulb per trial. The powder blower was used to nebulize 
talc USP for delivery to the lung chamber. 


Analytical Imtmneatation-Solutions of phenylephrine hydro- 
chloride and isoproterenol hydrochloride were analyzed using a 
spectrophotometer'. A slit width of 0.3 and a sensitivity setting of 
0.4 were used for all solutions analyzed. Absorbance were deter- 
mined in l-cm. silica cells using distilled water as the blank. Ab- 
sorbance determinations were made at  279 nm. for isoproterenol 
hydrochloride and 273 nm. for phenylephrine hydrochloride. A stand- 
ard plot of absorbance uersus concentration was prepared for each 
drug. Samples from the lung chamber were analyzed within 2 hr. 
after collection to minimize possible formation of degradation 
products and their posssle influence on the results. 
. Particle-size determinations of powder aerosol samples were made 


&ing the Coulter counter with a convertera. Each sample was 
analyzed using both the 70- and 140-p aperture tubes. A 0.85 so- 
lution of sodium chloride was used as the dispersion medium. 
Samples were dispersed for counting by use of a suitable mechanical 
Stirrer .  


RESULTS 


Establishment of Operating Vacuum-Measurements of the air 
flow rate through the chamber at several vacuum settings, as well 
as evaluations of the two commercial medicinal aerosol units at 
the same vacuum settings, were conducted to establish the operating 
vacuum of the lung chamber. Measurements of the flow rate were 
made at several different vacuum settings using a meter' (Table I). 


* Beckman DU-2, Beckman Instrument Co., Fullerton, Calif. 
J Model M. 
4 Wallac-Thermex GGA2, Gelman Instrument Co.. Chelsea, Mich. 
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Figure 2-Particle-size distributions for commercial talc spray 
samples collected from lung chamber compartments. Key: 0, Com- 
partment I ;  D, Compartment 2; A, Compartment 3; a. Compartment 
4; and., Compartment 5. 


As expected, there was a gradual increase in flow rate through the 
chamber as the vacuum setting was increased. The measured flow 
rate at 22.86 and 30.4 cm. (9 and 12 in.) of mercury was identical. 


Evaluations of aerosol samples delivered by the commercial 
medicinal aerosol units were undertaken at  vacuum settings of 7.6, 
15.2, 22.8, 30.4, 38.1, and 50.8 cm. (3, 6, 9, 12, 15, and 20 in.) of 
mercury. Three trials were conducted for each vacuum setting, with 
sample collection being by full chamber rinsing of each compart- 
ment. A total of 2250 mcg. of isoproterenol sulfate or isoproterenol 
hydrochloride was delivered to the chamber per trial. The average 
deposition patterns are presented in Table I1 for two commercial 
inhalation aerosol products. 


The data in Table I1 reveal that a t  either end of the vacuum 
range there are marked changes in deposition pattern. The pattern 
of percent deposition per compartment at a setting of 7.6 cm. (3 
in.) of mercury vacuum is markedly different from the pattern at 
50.8 cm. (20 in.) of mercury. On the other hand, at vacuum settings 
in the middle of the range studied, deposition patterns do not reflect 
wide deviation. Deposition patterns a t  22.8. 30.4, and 38.1 cm. (9, 
12, and 15 in.) of mercury vacuum are similar. These results cor- 
relate well with the measurements of the flow rate through the 
chamber. Based on these findings, a vacuum setting of 30.4 cm. 
(12 in.) of mercury was chosen for operation of the lung chamber. 


A check of the total sample delivered from the medicinal aerosol 
units revealed absorbance values twice as large as expected. The 
interfering substance in the isoproterenol hydrochloride solution 
was the ascorbic acid present in the formulation. Sorbitan trioleate' 
was determined to be the ingredient interfering with the analysis 
of the isoproterenol sulfate suspension aerosol. Solutions of varying 
concentrations of both the ascorbic acid and the sorbitan trioleate 
were analyzed spectrophotometrically a t  279 nm. A linear absorb- 
ance uersus concentration plot was obtained for each drug. All 
available evidence indicated approximately the same interference by 
each compound. 


Span 85, ICI Atlas Chemical Industries, Wilmington, DE 19899 
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Taw III-Average (Six Trials) Absorbance and Deposition Values for 3O-min. Air-Displacement Aerosol Unit Delivery of 
Solutions of Isoproterenol Hydrochloride and Phenylephrine Hydrochloride 


-5 .OX Isoproterenol Hydrochloride Solution- 
Percent 


Deposition per 
Vial of Total 


Aerosol 
Compartment Sample 


Number A" Drug,mcg." collected 


1 0.600 535 37.3 
2 0.334 298 20.8 
3 0.191 170 11.9 
4 0.319 285 19.8 
5 0.164 146 10.2 
Total 1.608 1434 


-1 .25 % Isoproterenol Hydrochloride Solution- 
Percent 
Deposi- 
tion per 
Vial of 
Total 


Aerosol 
Compart- Sam le A 1.25% Solution 


ment Drug, Cop. A 5.0% Solution 
Number A mcg! lected x 100, z 
1 0.156 139 39.0 26.0 
2 0.092 82 23.0 27.5 
3 0.046 41 11.5 24.1 
4 0.069 62 17.3 21.6 
5 0.037 33 9.2 22.9 
Total 0.400 357 0.400/1.608 = 24.9 


--l, 0 Isoproterenol Hydrochloride Solution---. 
Percent 
Deposi- 
tion per 
Vial of 


Com- Total 
part- Aerosol 
ment Sam le A 1 .O% Solution 
Num- Drug, Cot A 5.0% Solution 


ber A mcg! lected x 100, z 
1 0.113 100 36.6 
2 0.070 62 22.6 
3 0.037 33 12.0 


18.8 
20.9 
19.4 


4 0.059 53 19.1 18.5 
5 0.030 29 9.7 18.3 
Total 0.309 275 0.309/1.608 X 100 = 19.2 


-5.0% Phenylephrine Hydrochloride Solution- 
Percent . 


Deposition per 
Vial of Total 


Aerosol 
Compartment Sample 


Drug, mcgC collected Number A 


1 0.552 627 36.1 
2 0.338 384 22.1 
3 0.183 208 12.0 
4 0.306 348 20.0 
5 0.149 1 69 9.8 
Total 1.528 1736 


c- 2.5 % Phenylephrine Hydrochloride Solution- 
Percent 
Deposi- 
tion per 
Vial of 


Com- Total 
Aerosol part- 


ment Sam le A 2.5 % Solution 
Num- cop- A 5.0% Solution 


ber A 2: k t e d  x 100, z 
1 0.260 295 36.7 
2 0.i58 180 22.3 
3 0.089 101 12.5 
4 0.127 144 17.9 
5 0.075 85 10.6 


47.1 
44.1 
48.6 
41.5 
50.3 


Total 0.709 805 0.709/1.528 X 100 = 46.4 


--1 .25% Phenylephrine Hydrochloride Solution- 
Percent 
peposi- 
bon per 
vial of 


Com- Total 
part- Aerosol A 1 .25 Solution 
ment Sample 
N u m  Drug, Col- A 5.0% Solution 
ber A mcgC Iected x 100, % 


1 0.121 137 39.2 
2 0.065 74 21.0 
3 0.031 35 10.0 


21.9 
19.2 
16.9 


4 0.063 72 20.4 20.6 
5 0.029 33 9.4 19.5 
Total 0.309 351 0.309/1.528 X 100 = 20.2 


= A = absorbance. Drug = isoproterenol hydrochloride. = Drug = phenylephrine hydrochloride. 


Calibration with Solid Particle Aerosols-To calibrate the par- 
ticle separation of an aerosol sample by the model lung chamber, 
two trials employing talc were performed. In one experiment, talc 
USP was nebulized using a powder blower. The second experiment 
involved the delivery of talc to the chamber from a pressurized com- 
mercial perfumed talc spray. A setting of 30.4 cm. (12 in.) of mer- 
cury vacuum was used. Samples were analyzed using the Coulter 
counter, and analysis was conducted with both the 70- and 140-p 
aperture tubes (Figs. 1 and 2). 


Examination of the data reveals a similar type of selective particle 
deposition occurring in the lung chamber as occurs in the respira- 
tory tract of man. The larger particles in a disperse system of par- 
ticle sizes are filtered out by the trachea and upper regions of the 
respiratory tract, with the finer particles penetrating to greater 
depths before depositing. Thus, as the aerosol sample proceeds into 
the respiratory tract, the particle-size distribution changes from 
high percentages of larger particles to high percentages of fine 
particles. The same type of deposition pattern is shown by the re- 
sults of the talc analysis presented in Figs. 1 and 2. Compartment 1 
shows the highest percentage of the larger particles of the talc 
sample, while Compartment 5 shows the highest percentage of the 
smaller particles from the talc sample. As the sample proceeds from 
Compartment 1 through to Compartment 5 ,  the percentage of large 


particles in the distribution gradually decreases while the percentage 
of fine particles in the distribution gradually increases. 


Evaluatioas with an Air-Displacement Aerosol Generator-When 
using the air-displacement aerosol generator, experiments were 
conducted using both high volume and low volume aerosol de- 
livery. In the high volume aerosol delivery experiments, solutions 
of 5.0, 1.25, and 1.0% isoproterenol hydrochloride and 5.0, 2.5, 
and 1.25% phenylephrine hydrochloride were delivered to the 
chamber for 30 min./trial. Six trials were conducted for each solu- 
tion strength listed. Sample collection was by gravity deposition 
of the nebula in collection vials Containing 3 ml. of distilled water. 
Table 111 lists the average absorbance values and patterns. Reference 
t o  the table shows that the deposition pattern is the same for all 
solutions tested. This demonstrates that the deposition at a par- 
ticular vacuum flow setting is a function of this particular aerosol- 
generating device and not the drug or strength of drug in solution. 


The deposition values of the 1,25 and 1 .O % isoproterenol hydro- 
chloride solution trials are approximately 25 and 20%, respectively, 
of the 5.0% isoproterenol hydrochloride solution values, as ex- 
pected. This same type of relationship is also demonstrated by the 
results from the three different strength phenylephrine hydro- 
chloride solutions (Table 111). Although the relationship is not as 
close as for the isoproterenol hydrochloride solutions, the deposi- 
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Table IV-Average (Six Trials) Absorbance and Deposition 
Values for Hand-Operated Nebulizer Aerosols 


SUMMARY 


--2 % Isoproterenol Hydrochloride Solution-- 
Percent 


Deposition 
per Compart- 


ment of 
Aerosol 


Depositing in 
Compartment Compartments 


Number An Drug, mg.b 1-5 


1 
2 
3 
4 


0.247 
0.160 
0 . 1 1 3  


442 32.1 
286 20.8 
202 14.7 


0.108 193 14.1 
5 0.141 252 18.3 
Total 0.769 1375 


-- 1 % Isoproterenol Hydrochloride Solution 
Percent 
Deposi- 
tion per 
Com- 
Part- 


ment of 
Aerosol 
De- 


C o n  positing 
in Com- 


A 1 % Solution part- 
ment part- 
Num- Drug, ments A 2% Solution 


ber A mg. 1-5 x 100, % 


1 0.150 268 31.8 
2 0.097 173 20.6 
3 0.072 129 15.2 
4 0.072 129 15.2 
5 0.081 145 17.2 


60.7 
60.6 
63.7 
66.7 
57.4 


Total 0.472 844 0.472/0.769 X 100 = 61.4 


0 A = absorbance. b Drug = isoproterenol hydrochloride. 


tion patterns are similar. The low volume aerosol delivery experi- 
ments did not show significantly different patterns. 


Evalustions with a Hand-Operated NebuM-The aerosol pro- 
duced by a hand-operated nebulizer (for solutions) was evaluated 
in the lung chamber. Solutions of 1.0 and 2.0% isoproterenol 
hydrochloride were nebulized using 50 actuationsltrial. Six trials 
were conducted for each solution at a vacuum setting of 30.4 cm. 
(12 in.) of mercury. Sample collection was accomplished by rinsing 
each compartment with 2O.O-ml. portions of distilled water. 


The deposition patterns of the 1.0 and 2.0% solutions appear to 
be nearly identical (Table IV). The absorbance values from the 1 .O % 
isoproterenol hydrochloride samples are about 61% of the 2 . 0 z  
solution values. One primary disadvantage of the hand nebulizer 
is a lack of accurate dosage control, the amount of pressure applied 
to each squeeze of the rubber hand bulb varying the amount of 
aerosol produced (Table IV). 


The design of a model lung chamber was shown to be a suitable 
method for evaluating medicinal or pharmaceutical aerosols, free 
from the many variables of in oioo analysis. Construction of the unit 
was based on literature values for the size of the human respiratory 
tract. An operating vacuum of 30.4 cm. (12 in.) of mercury was 
established based on measurements of air flow and evaluations with 
commercial medicinal aerosol units. The solid particle segregation 
of solid particle aerosols by the lung chamber was used to evaluate 
the aerosols produced by different aerosol-generating devices. By 
using the lung chamber unit, it should be possible to compare 
liquid solution aerosols to solid suspension aerosols of a drug to 
determine if there is any difference in their deposition in the respira- 
tory tract. 
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Influence of Dosage Form on Antipyretic Activity of 
Acetaminophen Administered Intraperitoneally in the Rat 


MICHAEL H. STOLAR', FREDERICK SIEGEL, and RALPH W. MORRIS 


~ ~ ~~ 


Abstract 0 The relatively insoluble drug, acetaminophen, admin- 
istered as a solution and injected intraperitoneally in rats, has been 
shown to produce an antipyretic response. approximately twice 
that of the same dose administered as a suspension. This experiment 
indicates that EDw, LDw, and relative potency calculations may be 
inaccurately determined if dosage form influences on biological 
availability of insoluble drugs are not considered in the design and 
evaluation of animal drug testing procedures. 


Keyphrases 0 Acetaminophen-influence of dosage form on anti- 
pyretic activity, bioavailability, and potency calculations, intra- 
peritoneal administration, rat Dosage forms-influence on anti- 
pyretic activity, bioavailability, and potency calculations, intra- 
peritoneal acetaminophen administration, rat 0 Antipyretic activ- 
ity, acetaminophen-influence of dosage form, related potency 
calculations and bioavailability considerations, intraperitoneal ad- 
ministration, rat 


Failure to maximize absorption of insoluble drugs by 
proper dosage form design may result in inaccurate 
determinations of drug potency and activity. The in- 
fluence of dosage form design on drug activity has been 
extensively investigated in animals and man (1). The 
time course of a drug response has been shown to be 
influenced by factors other than the magnitude of the 
dose administered. Particle size, for example, has been 
demonstrated to have a striking effect on biological 
activity. Tablets prepared from micronized particles 
of spironolactone are approximately four times as po- 
tent as tablets made from coarser drug powders, illus- 
trating that biological activity is generally inversely re- 
lated to particle size (2). 


Thus, it is apparent that improper dosage form design 
may produce significant alterations in the amount of 
drug available for transport to the site of action, i.e., 
the bioavailability of the drug is altered. Drugs can 
only diffuse through membrane systems as single mole- 
cules'. A drug suspension consisting of an insoluble 
powder dispersed in a liquid vehicle (usually aqueous) 
represents not single molecular units but comparatively 
large aggregates of drug molecules held together by 
surface forces or crystalline bridges forming a particle. 
These particles are too large to diffuse through body 
membrane systems and must dissolve before absorp- 
tion can occur. At a given time, the amount of drug in 
solution below the concentration at saturation is a 
function of the surface area of the particles, surface 
area being inversely related to particle size (3). 


Such considerations are of importance primarily for 
drugs of limited aqueous solubility. Ingestion of a sugar 
cube would probably result in about the same blood 
level profile as a comparable dose of sugar syrup simply 


1 With the exception of special situations such as oral polio vaccine 
which is probably absorbed through the gut wall by a phagocytic pro- 
cess. 
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because the cube rapidly and completely dissolves in 
the GI fluids. With insoluble drugs, however, a sig- 
nificant amount of time is required for the particles to 
dissolve. The rate at which the primary drug particles 
dissolve, dissolution rate, is often the rate-limiting step 
for insoluble drugs in the absorption process. It is well 
established that the dissolution rate and, hence, the 
rate of absorption are directly related to  particle sur- 
face area, which in turn is inversely related to particle 
size. 


Administration of an insoluble drug as a solution 
rather than as a suspension increases, in effect, the sur- 
face area toward infinity and should theoretically pro- 
duce faster absorption and higher blood levels of drug 
even though the total amount of drug ultimately ab- 
sorbed may be the same for both dosage forms2. 


Investigations of the influence of dosage form in 
dose-response data have centered upon the oral and, 
to a lesser extent, the intramuscular and subcutaneous 
routes of administration. This is to be expected because 
these are the most common methods, along with the 
intravenous route, of administering drugs to humans. 
However, in many drug testing procedures involving 
animals, the preferred route of administration is the 
intraperitoneal route. 


Inspection of the literature pertaining to drug screen- 
ing procedures and bioassay shows that dosage form 
considerations are generally neglected. Typically, the 
testing of a group of drugs entails dissolving those drugs 
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M p r e  1-Mean rectal temperature of rats expressed as percent of 
b. Key: 0, 200 mg./kg. of solution; A, 400 mg./kg. of solution: 0. 
200 mg./kg. of suspension; A, 400 mg./kg. of suspension; and ., 
control vehicle. 
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I Blood levels of drug are determined by a complex, interrelationship 
between absorption. biotransformatlon. and excretlon mechanlsms' 
the level of drug in the body increases when the latter two are exceeded 
by the rate of absorption. 







Table I-Analysis of Variance Table 


Variation df ss MS F P 


Between formulations 4 0.05605 0.01401 55.4 <0.001 
Group A wrsus Group C 1 0.00775 0.00775 30.6 <0.001 
Group B versus Group D 1 0.00634 0.00634 25.1 <o .001 


Between times 5 0.00265 0.000530 2.10 0.10 
Interaction (formulation X time) 20 
Between rats (error) 90 0.0276 
Total 119 0.08732 


0.00586 0.000293 1.15 - - - - - 0 I 000253 - 


that are soluble and preparing simple tragacanth or 
methylcellulose suspensions of the insoluble drugs. 
Thus, the possibility exists that intraperitoneal injec- 
tion of slightly soluble drugs as suspensions rather than 
solutions will result in reduced pharmacological activity 
by virtue of the fact that the rate of absorption and, 
therefore, the amount of drug absorbed during the 
test period is quite low, even though the peritoneal 
membranes present a large absorbing surface. This is a 
result of the particle-size considerations already dis- 
cussed. It is conceivable then that a drug might be dis- 
carded as inactive due to the dosage form used in its 
evaluation rather than because of any inherent lack of 
biological activity. At the very least, the determination 
of parameters such as LDao and ED60 will be in error. 
In this report, data are presented demonstrating the mis- 
leading results that may be obtained from a bioassay 
procedure if precautions to ensure optimum drug ab- 
sorption are not observed. 


EXPERIMENTAL. 


Acetaminophen’ was used as a test drug since it is of limited 
aqueous solubility and possesses good antipyretic activity, a con- 
venient response to measure. Twenty female, albino rats (approxi- 
mately 300 g.) were marked and randomly divided (oia a table of 
random numbers) into five groups of four animals each. Fever was 
produced in the rats by the subcutaneous injection of 15% brewer’s 
yeast suspension at  a dose of 1 m1./100 g. body weight (4). Three 
test formulations were prepared: a solution of acetaminophen in 
75x propylene glycol, a 0.5% tragacanth suspension of acetamino- 
phen in saline, and a control formulation containing the solution 
vehicle plus tragacanth but without acetaminophen. 


Ten hours after the yeast injection, intraperitoneal injections were 
given to the rats as follows: Group A, acetaminophen solution, 
200 mg./kg.; Group B, acetaminophen solution, 400 mg./kg.; Group 
C, acetaminophen suspension, 200 mg./kg.; Group D, acetamino- 
phen suspension, 400 mg./kg.; and Group E, control vehicle at 
dosage volume equivalent to that of the Wmg./kg.  groups on a 
body weight basis. 
Rectal temperatures of the animals were recorded‘ a t  1-hr. in- 


tervals for 6 hr. Room temperature during the experiment was 
24 f 0.5’. 


RESULTS AND DISCUSSION 


Analysis of variance was used to analyze the results. The experi- 
mental differences tested were: (a) differences in response between 
all drug formulations and between Groups A and C and Groups 
B and D specifically (the primary objective of the experiment was 
to determine whether a dose of an insoluble drug administered 
intraperitoneally as a suspension would produce the same response 
when administered intraperitoneally as a solution), (b)  differences in 
response between times after administration. i.e., the change in 
antipyretic effect with time, and (c) interaction of formulation and 


8 Lo! 702-1, batman. 
4 Usmg a Yellow Springs T’elerecorder 43TD with a thermistor probe 


402. 


time, i.e., to determine if the differences in response between formu- 
lations would remain constant over the test period. If the interao- 
tion term was found to be significant, the specific interaction for 
formulations A wrsus C and I) uersus D would be tested. 


Analysis of variance methods assume that the data are normally 
distributed and that the variances are homogeneous. Since dose- 
response data generally follow a log-normal curve, the dosage data 
were transformed to log,, values. Bartlett’s test was used to test 
the data for homogeneity of variances. Chi-square was calculated 
to be 0.0718, a value that is not statistically s ignif ia t  ( X * O . ~ ~ ( , )  = 
0.297). The variances are thus assumed to be equally distributed. 


The temperature measurements were converted to percent of 
to,  where to = mean temperature of the rats a t  the time of drug 
injection. This transformation was corrected for the variation in 
fevers produced by the yeast. Figure 1 shows that injection of aceta- 
minophen as a solution produces a much larger percent reduction 
in temperature than the corresponding dose administered as a sus- 
pension. A dose of 200 mg./kg. of solution produced approximately 
the same response as 400 mg./kg. given as a suspension. 


The analysis of variance data are shown in Table 1. The interac- 
tion term, although suggestive, is not statistically significant. There- 
fore, the variation between rats was used as the error term to test 
the other differences. Differences in antipyretic response between 
times after administration were found to be significant a t  the 0.10 
level. This was to be expected, although the differences were some- 
what less than anticipated. Formulation differences (the primary 
interest of this study) were highly significant at  less than the 0.001 
level. 


The results demonstrate that an insoluble drug, upon intraperi- 
toneal injection. will produce a greater biological response if ad- 
ministered as a solution rather than as a simple aqueous suspen- 
sion. One may speculate that this is due to the large particle size of 
the suspended drug powder acting to decrease the amount of drug 
available for absorption during the test period. Calculation of 
EDM, LDM, and relative potency values may be adversely affected 
by neglect of dosage form design. Drug testing procedures involving 
the intraperitoneal injection of insoluble or slightly soluble drugs 
may thus be significantly improved by the simple procedure of 
altering the formulation vehicle. 
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Antitumor Agents from Alnus oregona (Betulaceae) 


K. SHETH, E. BIANCHI, R. WIEDHOPF, and J. R. COLE’ 


Abstract 0 The chloroform extract of Alms oregonu showed anti- 
tumor activity against the Walker 256 (SWA16) tumor system. 
Lupeol and betulin were identified as the two constituents re- 
sponsible for this activity. 


Keyphrases 0 Alnus oregonu (Betu1aceae)-isolation and identifica- 
tion of two antitumor constituents, lupeol and betulin 0 Lupeol- 
antitumor agent identdied from Alnus oregonu 0 Betulin-anti- 
tumor agent identified from Ahus oregonu 0 Antitumor activity- 
isolation and identification of lupeol and betulin as antitumor con- 
stituents from AInus oregonu 


During the routine screening of Southwestern plants 
for potential antitumor activity, the chloroform extract 
of the stembark of Ahus oregona Nutt. showed signifi- 
cant antitumor activity in Sprague rats against the 
Walker 256 intramuscular tumor system (5WA16)’. 
Activity in this system is defined as a percent T/C value 
of less than 60 in a satisfactory dose-response test (I) .  
The plant was collected in California2. 


Triterpenes belonging mainly to the taraxane and 
lupane series have been isolated from various species of 
Alnus. Taraxerol, taraxerone, lupeol, lupenone, betulin, 
and betulinic acid as well as other triterpene com- 
pounds have been isolated from A .  glutinosa (2,  3), 
A .  incana (4, 5) ,  A .  virdis (6),  A .  barbata (7), and A .  
subcordata (8). However, a search of the literature failed 
to reveal any chemical investigation of A .  oregona. 


RESULTS AND DISCUSSION 


Because of its chemical complexity, the chloroform extract was 
separated into six fractions by column chromatography using 
partially deactivated alumina (Table I). Fraction E, which consisted 
essentially of 0-sitosterol, was not screened further since the 
CanGer Chemotherapy National Service Center has indicated that 
this compound showed marginal activity in the 5WA16 tumor sys- 
tem. Only Fractions C and F showed significant activity (Table 11). 


Fractions C and F contained essentially single components. 
Fraction C, upon recrystallization from chloroform-methanol, 
yielded a crystalline compound, m.p. 21Ck212’. Its mass spectrum 
showed an M+ peak at 426 with major fragments at mle 218, 207, 


1 Cancer Chemotherapy National Service Center, Bethesda, M D  


? By the U. S. Department of Agriculture. 
20014 


Table I-Alumina Chromatography of Crude Extract 


Fraction Eluent Components 


A Hexane to hexane-benzene (3:l) _- 
B Hexane-benzene (6:4) - 
C Hexane-benzene (1 :I)  Lupeol D Hexane-benzene (1 :1) __ 
E Benzene p-Sitosterol 
F Benzene-chloroforn (3:l) Betulin 


~~ ~~ ~~~ ~ ~ 


Table 11-Biological Activity against 5WM Tumor System 


Dose, Percent 
Compound mg./kg. Survivors TIC (1) 


Crude extract 200 414 28 
22 
46 


Fraction C 400 414 
200 414 


Fraction F 400 414 39 
Lupeol 200 414 39 
Betulin 600 414 


400 314 
13 
26 


and 189. These were indicative of the lupene skeleton (9). The 
NMR spectrum of the compound indicated vinyl protons at 6 
4.66 and 4.75 (d) as well as 3a-H a t  6 3.28 (m), further proof that the 
compound was probably lupeol. Identification was confirmed by 
melting point, optical rotation, and IR of the compound as well as 
of the acetate and benzoate. The IR of the latter was superimposable 
with the IR of an authentic sample of lupeol benzoates. 


The crystalline compound isolated from Fraction F (m.p. 252- 
254”) was identified as betulin. The mass spectrum showed an 
M+ peak at 442, and the NMR spectrum indicated the appropriate 
signal for vinyl protons. The IR spectra of the compound and its di- 
acetate were superimposable with authentic samples4. 


EXPERIMENTAL 


Extraction-Twelve kilograms of the dried stembark of A. 
oregonu was extracted with 21 1. of chloroform in an extractor 
(Lloyd). The extract, after filtration and removal of the chloroform, 
weighed 382 g. 


Column chromatography-Neutral alumina (3.8 kg., activity 
111) was packed in a glass column (64 x 10.5 cm.), using n-hexane 


30btained through the courtesy of Dr. Jack L. Beal. College of 
Pharmacy, Ohio State University, Columbus, Ohio. 


4 Authentic specimens of betulin and its diacetate were obtained 
through the courtesy of Dr. C. Stcelink, Dcpartment of Chcniistry, 
University of Arizona, Tucson, A Z  85721 
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as the chromatographic solvent, Then 200 g. of the chloroform ex- 
tract of A. oregona was adsorbed onto 5QO g. of alumina 111, and the 
dried pulverized mixture was placed on top of the column. The 
column was eluted first with hexane and then with solvents of in- 
creasing polarity, Each fraction was examined by TLC, silica gel G, 
using chloroform -benzene-ethyl acetate (4 :8: 1) a s  the solvent 
system and ceric sulfate as the developing reagent. The fractions 
showing the same materials on TLC were combined into six groups. 


Isolation of Lupeol-Fraction C yielded a large precipitate of 
crystals. After repeated crystallizations from chIoroform-methanol, 
14 g. of a colorless crystalline compound was obtained. Its melting 
point was 210-212", [ a ] ~  +25", compared with the values for 
lupeol of 215" and [a]n f27" (10). 


Preparation of Impeol Acetate-1.upeol (0.138 g.) was dissolved 
in 2.0 ml. of pyridine, and 2.0 ml. of acetic anhydride was added to 
the mixture. The mixture was left standing overnight a t  room tem- 
perature. It was then poured over crushed ice. The precipitated 
compound was collected and washed thoroughly with water until 
free of acetic acid and pyridine. After drying under vacuum, the 
compound was recrystallized twice from chloroformwnethanol. 
Solid needles of crystals, m.p. 211-212" and [a]D +33", were ob- 
tained. The reported values for lupeol acetate were m.p. 218' and 


Preparation of Lupeol Benzoate-A mixture of isolated lupeol 
(ZOO mg.), 'pyridine (2.0 ml.), and benzoyl chloride (2.0 ml;) was 
refluxed for 1 hr. It was then cooled and poured over crushed ice. 
The mixture was refrigerated for 1 day. The precipitated com- 
pound was filtered off and then redissolved in ether. The ethereal 
solution was successively washed three times each with 5 %  so- 
dium bicarbonate, 5 % hydrochloric acid, and water. After drying 
the washed ethereal layer over anhydrous sodium sulfate, it was 
filtered and the ether was allowed to evaporate at  room temperature. 
The residue, upon repeated crystallization from chloroform-ethanol, 
gave long platelike crystals, m.p. 258-260", [& +56" [lit. (10) 
m.p. 273-2'74", [ a ] ~  +hl"]. The IR spectrum of this compound 
(KBr pellet) and that of an authentic sample of lupeol benzoate 
were superimposable. 


Isolation of Betulin-Fraction F yielded a large quantity of a 
crystalline compound. This material was purified by recrystalliza- 
tion from chloroform and then from ethanol. Solid, thin, rodlike 
crystals, m.p. and mixed m.p. 253-254", [a]n + 18' [lit. (11) m.p. 
251-252", [(Y]u +20"] were obtained. The IR spectrum of the iso- 
lated betulin (KBr pellet) and that of an authentic sample of betu- 
lin were in complete agreement. 


[nlu +47O (10). 


Preparation of Betulin Diacetate-Betdin (0.3 g.), pyridine (0.3 
ml.), and acetic anhydride (3.0 ml.) were refluxed for 1 hr. After 
cooling the reaction mixture, a precipitate was obtained. The 
material, after repeated crystallization from ethanol, gave blade- 
like crystals, m.p. 222-225", [ a ] ~  +24' [lit. (10) m.p. 223-224", 
[ a ] ~  +22"]. An authentic sample of this compound gave an iden- 
tical IR spectrum (KBr pellets). 
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Antibacterial Activity of Certain 
3-Substituted Benzothiazoline-2-thiones 


RAJENDRA S. VARMA, SYED A. IMAM*, and W. LEWIS NOBLES' 


~~~ - 


Abstract 0 Preliminary antibacterial screening results for 18 com- 
pounds are provided. Sixteen compounds exhibited some degree of 
aciivity. 


Keyphrases 0 Benzothiazoline-2-thiones, 3-substituted-18 com- 
pounds screened for antibacterial activity against four organisms 0 
Antibacterial activity-I8 3-substituted benzothiazoline-2-thiones 
screcned against four organisms 0 3-Aininomcthylhenzothiazoline- 
2-thiones, substituted--18 compounds screened for antibacterial 
activity against four organisms 


Many of these compounds were effective against Cun- 
didu ulbicuns and bacterial strains resistant to penicillin 
(4). These observations led us to synthesize a series of 
3-substituted benzothiazoline-2-thiones (I). The syn- 
thesis of I was reported elsewhere (8). The present 
article describes the evaluation of compounds of type I 
against four organisms by the agar diffusion technique 
(9). 


Antibacterial (1-4), antispasmodic (9, and anti- 
tubercular (6, 7) properties have been demonstrated by 
benzothiazoline-2-thione and some of its derivatives. 


EXPERIMENTAL 


The agar medium was inoculated with 1 rnl. of 24-hr.-old culture 
of the test organism. Filter paper disks (5-mm. diameter) saturated 
with the solution of the test compound (20 mg./ml. in ethanol) were 
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entropy of activation values for El and G were different, however, 
which suggested an explanation for the difference in reaction rates. 
The large negative values of AS* reflect a significant requirement in 
molecular orientation, presumably of the side chains. The cis-A6 
double bond imposes certain restraints on the free rotation (low- 
ering its degree of freedom) of the C-8 side chain vis4-vis the C-12 
side chain, causing increased nonbonded interactions when both 
chains lie side by side. These factors become especially important 
when a carbanion is introduced into the cyclopentenone ring at 
C-12, forcing the associated side chain and ring to lie flat in one 
plane. Some of these interactions are relieved if the unsaturation in 
the C-8 side chain is removed. It then has a more “floppy” nature, 
which allows it to lie away from the now rigid C-12 side chain. 
Thus, & contains a lower absolute entropy in its reactant state than 
El, which must accordingly suffer a greater entropy loss during 
conversion to its carbanion transition state. These interpretations 
hold only qualitative value since absolute thermodynamic param- 
eters must be determined only at zero buffer concentrations. 
Nevertheless, the data presented here retain comparative signifi- 
cance and indicate that the difference in behavior between El 
and Ez is clearly the result of complicated conformational effects. 


In summary, there is a difference in the rates of dehydration and 
rearrangement between El and h. No well-defined mechanism illus- 
trating the reason for this difference can be presented at this time; 


however, such a mechanism should involve participation of the 
cis-AS double bond which is present only in B. 
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Metabolism of the Antihypertensive Agent 
1,4-Dihydro-2,6-dimethyl-4-( 2-trifluoromethylpheny1)- 
3,5-pyridinedicarboxylic Acid Diethyl Ester 


S. S. WALKENSTEIN’, A. P. INTOCCIA, T. L. FLANAGAN, B. HWANG, D. FLINT, 
J. WEINSTOCK, A. J. VILLANI, D. BLACKBURN, and H. GREEN 


Abstract 0 The absorption, distribution, metabolism, and excre- 
tion of 1,4-dihydro-2,Bdimethyl-4-(2-trifluoromethylphenyl>3,S- 
pyridinedicarboxylic acid diethyl ester, an antihypertensive drug, 
was studied in rat, dog, and squirrel monkey. The drug, labeled 
with 14C, was found to undergo aromatization, hydrolysis of its 
ester groups, and oxidation of a ring methyl and an ethyl group. 
No dihydropyridyl metabolites or the hypothetical aromatized 
parent compound were found. The metabolites identified were: 
2,6 - dimethyl- 4 - (2 - trifluoromethylphenyl) - 3 3  - pyridinedicar- 
boxylic acid, its monoethyl and mono-2-hydroxyethyl esters, and 2- 
hydroxymethyl - 6 - methyl - 4 - (2 - trifluorornethylphenyl) - 3.5- 
pyridinedicarboxylic acid lactone. The form in which the drug was 
administered was found to  have a profound effect on its absorption. 


The crystalline powder administered to  dogs in gelatin capsules was 
poorly absorbed; solubilization with polyethylene glycol 200 
resulted in a fivefold increase in absorption. 


Keyphrases 0 1,4-Dihydro-2,6dimethyl-4-(2-trifluoromethyl- 
phenyl>3,5-pyridinedicarboxylic acid diethyl ester, radiolabeled- 
absorption, distribution, metabolism, and excretion in rats, dogs, 
and monkeys 0 Antihypertensive agents-metabolism of 1.4- 
dihydro - 2,6 - dimethyl - 4 - (2 - trifluoromethylphenyl) - 3,5 - pyr- 
idinedicarboxylic acid diethyl ester, in rats, dogs, and monkeys 0 
Absorption - 1,4 - dihydro - 2,6 - dimethyl - 4 - (2 - trifluoromethyl- 
phenyl>3,5-pyridinedicarboxylic acid diethyl ester, in rats, dogs, 
and monkeys 


1,4-Dihydro -2,6-dimethyl-4-(2-trifluoromethylphen- 
yl)-3,5-pyridinedicarboxylic acid diethyl ester (I) 
is an effective agent for lowering blood pressure by 
direct vascular dilatation in normotensive, neurogenic, 
and renal hypertensive dogs. Hypotensive effects were 
also observed in rats, rabbits, and guinea pigs. The 
drug also lowered blood pressure in human subjects 
at relatively low oral doses (10 mg.). 


I SK & F 24260. 
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As part of the preformulation and preclinical in- 
vestigation of this compound, its absorption, distribu- 
tion, metabolism, and excretion in rats, dogs, and 
monkeys were studied. These studies were facilitated 
by the use of the 14C-labeled drug. 


EXPERIMENTAL 


Synthesis of Labeled Drug-Compound I-4-14C was prepared 
as shown in Scheme I. W-Labeled drug was shown to be free of 
radiochemical impurity and had a specific activity of 4 pc./mg. 







1 4 n u  Table I-Rj Values on Thin-Layer Chromatograms of Compound 
I and Metabolites 


diiiobutyl aluminum I hydridc 


I 


Scheme I-Synthesis of 2,6-dimethyl-3,5-dicarboethoxy-4- 
(2-trifluoromethylphenyl)-I ,4-dihydropyridine4- 'C 


GC Assay of I and Metabolites-Compound I-Five milliliters 
of urine containing at least 80 ng. of drug/ml. was adjusted to 
neutral pH and shaken with 28 ml. n-hexane for 20 min. Following 
centrifugation for 5 min., 25 ml. of the hexane layer was transferred 
in portions of 10, 10, and 5 ml. to a fresh tube containing 1 ml. 
methanol. Each portion was blown down, and the sides of the tube 
were rinsed with methanol before adding a fresh portion. After the 
final ( 5  ml.) hexane addition and methanol wash, 0.4 ml. internal 
standard solution (dichlorodiphenyltrichloroethane, 1.6 mcg./ml. 
in methanol) was added and the solution was evaporated to dryness 
under nitrogen in a water bath at 40'. The tubes were kept in a 
desiccator overnight before derivatizing with an excess of hepta- 
Ruorobutyric anhydride by heating for 2 hr. at 70'. The samples, 
after evaporation to dryness at room temperature under a stream 
of nitrogen, were taken up in 0.5 ml. methanol. A 3-pI. aliquot was 
taken for injection. 


The column was 1.22 m. (4 ft.), glass [0.48-cm. (0.19-in.) o.d.1, 
3% OV-I, on 100-120-meshChrom W at  250". The carrier gas 
was argon-methane (95:5); purge 70 ml./min. at 35 ml./min.; 
purge at 70 ml./min. The electron-capture (Ni) detector tempera- 
ture was 270", and the injection block and manifold temperature 
was 270". The retention times of I and dichlorodiphenyltrichloro- 
ethane were 2.3 and 4.1 min., respectively. The standard curve 
(peak height ratios) was linear from 80 to 400 ng./ml. urine. 


%F3 


m lv 


-------------Solvent 
Metabolip A B C 


I 
I1 


111 
IV 
V 
VI 


a See Scheme II. 


0.95 
0.95 
0.75 
0.46 
0 .74  
0 . 7 4  


0.24 
0.46 
0.06 
0.00 
0.00 
0.00 


0.86 
0.90 
0.21 
0.05 
0.24 
0.44 


Table II-Urinary Metabolites of 1.C-Labeled I 


Squirrel 
Rat, Monkey, Metabolitea 0-24 Dog. hr., % 0-7 hr., x 0-24 hr., % 


I11 48* 68 15.5 
IV 7 .5  1 .5  32 
V 9.5 7 4 


VI 6 3 3 


a See Scheme I1 for structure. b Percent of urinary radioactivity. 


Compound Ill-Five milliliters of urine containing at least 1 
mcg./ml. of I1 was adjusted to pH 10 by addition of 2 N sodium 
hydroxide and shaken with 28 ml. ether for 15 min. After centrifug- 
ing for 5 min., 25 ml. of the organic phase. was transferred to a 40- 
ml. tapered tube, 0.1 ml. of internal standard (dichlorodiphenyl- 
trichloroethane, 250 mcg./ml. in methanol) was added, and the 
sample was evaporated to dryness with a stream of nitrogen. The 
samples were then taken up in 0.1 ml. methanol, and a 2.6pI. 
aliquot was taken for injection. 


The column was 1.22 m. (4 ft.) stainless steel [0.32-cm. (0.125- 
in.) o.d.1, 3% OV-1 on 100-120-mesh Chrom W at 195'. The 
carrier gas was helium at 40 ml./min. The flame-ionization detector 
temperature was 270', and the injection block temperature was 
270". The retention times of 11 and dichlorodiphenyltrichloro- 
ethane were 3.0 and 6.6 min., respectively. The standard curve was 
linear from 1 to 5 mcg. II/ml. urine. 


Compounds I l l 3  and IY4-Five milliliters of urine containing at 
least 1 mcg. of either I11 or IV was brought to pH 1 with 6 N hy- 
drochloric acid and shaken with 28 ml. of ether for 15 min. After 
centrifuging for 5 min., 25 rnl. of the organic layer were transferred 
to a 40-ml. tapered tube and evaporated to dryness under a stream 
of nitrogen. To the dried residue were added 0.1 ml. methanol and 
0.3 ml. dimmethane and the contents of the tube were thoroughly 
mixed. After 1 hr., 0.2 ml. 7 N sodium hydroxide and 6 ml. of n- 
hexane were added. The tube was shaken for 20 min. and centri- 
fuged for 5 min. As much of the hexane layer as could be removed 
with a disposable Pasteur pipet was transferred to a 12-ml. centri- 
fuge tube and, after adding 0.1 ml. of internal standard solution 
(methyl oleate, 250 mcg./ml. in methanol), evaporated to dryness. 
The residue was taken up in 0.1 ml. methanol, and a 2 . 4 4 .  aliquot 
was taken for injection. 


Except for the column temperature (180' for these two com- 
pounds), the column and conditions were the same as for 11. The 
retention times of 111, IV, and methyl oleate were 3.1, 4.1, and 6.1 
min., respectively. The standard curves for both compounds were 
linear from 1 to 5 mcg./ml. urine. 


Radioassay-Standard techniques were used to assay 0.1-ml. 
aliquots of blood and urine and 75-100-rng. aliquots of dried feces. 


TLC-Three solvent systems were used to separate I and metab 
olites on 2-p platess: A, chloroform-methanol-acetic acid 
(50:50:5);  B, toluene-methanol (95:s); and C, chloroform-acetic 
acid (95: 5). The Rf values found are listed in Table I. 


Animal Studies-The animal studies were conducted on Charles 
River Sprague-Dawley strain rats, squirrel monkeys, and beagle 


'SK&F 36077. 
*SK&F 37700. 
4 SK &F 37866. 
* Merck KSC. 
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Table III-mect of Dosage Form on Urinary Output of 14C 
following Oral Administration of W-Labeled I 


T.Me IV--EtTect of Dosage Form on Blood Levels of W in 
Dogs after Oral Administration of W-Labeled I 


Percent of Dose 
-Recovered in- 


Dosage Form Number 0% hr. 0-% hr. 
Dog Urine, F a ,  


crystalline drug 1 6.9 91.3 
in gelatin capsule 2 7.7 91.9 


3 39 48.9 
4 32 48.9 


water ( 1  : I )  


'Cc Blood Level (Expressed 
Dog -as ng./ml. of 1- 


Num- Hours . 
Dosw Form b e r 1 2 3 4 6 2 4  


~~ ~~ ~ ~ _ _ _  ~ ~ 


crystalline drug 1 140 150 70 40 30 10 


1 . 5  7 solution in 3 450 920 730 470 260 70 
pofyethyleneglycol 4 510 910 670 510 360 50 
2OO-water (1 :1) 


in gelatm capsule 2 9 0 1 4 0 8 0 5 0 4 0 2 0  


dogs. After an overnight fast, oral doses of suspensions or solutions 
were administered to rats and squirrel monkeys by gavage. Beagles 
were given oral doses in gelatin capsules. Polyethylene glycol 2W- 
water (1 : 1) solutions of drug were used for intravenous dosing. The 
drug concentration in various dosage media was 1 mg./ml. For col- 
lection of urine and feces, animals were kept in metabolism cages. 


Enzyme induction studies were conducted in rats kept on an 
insecticide-free diet for at least 5 days. Following this period and 
while being maintained on this diet, rets were dosed with a finely 
ground suspension of drug in 0.5% gum tragacanth, one group 
receiving a single dose and another group receiving daily doses for 
11 days. Amobarbital sleep time and ascorbic acid excretion studies 
were performed on the same group of rats kept 1 1  days on the in- 
secticide-free diet and dosed daily with drug (5, 15, or 50 mg./kg.) 
by the oral route, or with a single intraabdominal dose of pheno- 
thiazine (15 mg./kg. in sesame oil) at the end of that period. Ascorbic 


acid was assayed by a modification of the method of SchaRert and 
Kingsley ( 1). 


Phenylbuttwne plasma half-life studies were conducted in 
animals kept free of drugs for at least 6 weeks. Phenylbutazone (10 
mg./kg.) was injected into a leg vein, and venous blood was sampled 
from the opposite limb at 0.5, 1,2, 3, and 5 hr. postdrug. Test drug 
and phenobarbital groups were dosed for a week and the phenyl- 
butazone treatment was repeated. Plasma assays were performed 
using the method of Burns er al. (2). 


For in oirm studies, livers were removed from rats kept on the 
insecticide-free diet. These were divided into groups dosed with 
saline, I, phenobarbital (chronic dosing), or phenothiazine (single 
dose). The control (saline) group provided su&ient microsomal 
enzyme to assay the effects of inhibition or stimulation when I, 
phenothiazine, or phenobaibital was added directly to the enzyme 
preparation. 


I 


1 


1 


VI 


II 
1 


m V 


Scheme 11-Pmjmsed metabolic pathway for I 
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Table V--"C Blood Levels and Excretion following Oral Administration of Polyethylene Glycol 200 Solutions" of I to 
Squirrel Monkeys (Expressed as ng./ml. of I) 


Blood Level, ng./ml. 5 -Percent of D w  
Animal Hours Urine, F-, 
Number 1 2 3 4 5 6 24 0-48 hr. 0-48 hr. 


~~~ ~ 


1 310 510 410 330 340 330 90 8.1 70.6 
2 190 320 390 430 410 530 320 11.8 45.5 


0 Polyethylene glycol ZO(hwater (1 :l). 


Table VI--Effect of I on Drug-Metabolizing Enzyme Systems 


Test Species Results 
~~ ~ 


Amobarbital sleep time Rat 


Ascorbic acid excretion 


Effect of phenylbutazone 
plasma half-life 


Liver microsomes 
in oitm 


0-W.lkylation 
(pnitroanisole) 


Phenyl ring hydroxylation 
(acetanilide) 


0-Dealkylation 
(pnitroanisole) 


N-Demethylation 
(aminopyrine) 


Phenyl ring hydroxylation 
(acetanilide) 


Nitro-reduction 
(pnitrobenzoate) 


Aliphatic side-chain 
oxidation (hexobarbital) 


Rat 


Doe 


Rat 


No significant reduction in slee time as 
compared with phenobarbitaf 


Vehicle: 84 & 35 min. 
Phenobarbital: 10 f 2.1 min. 


I: 75 f 30.3 min. 
Treatment : urinary G r b i c  acid in mcg./g. 


body weight/% hr. 


I ( 5  mg./kg.): 42 
I (15 mg./kg.): 46 
Phenobarbital: 115 
(50 me./ke.) 


None: 30 


Dosing for 7 days with phenobarbital 
significantly speeded reduction of 
phenylbutazone half-life (from 2.5 to 
1 hr.); I was without effect 


Phenothiazine, ----Compound I- 
15 mg./kg. 5 mg./kg. 15 mg./kg. 


Single dose 33 %" 8% -11% 


@Z @% 


Sodium 
phenobarbital, - - - C o m p o u n d  I- 


50 mg./kg. 5 mg./kg. 15 rng./kg. 
67% 60% 1 3 z  


23 z 4 z  


78 Z 27 Z 
0 0 


0 Percent increase over saline controls. 


The microsomal enzyme was prepared as follows. Freshly re- 
moved livers were rinsed in icecold 1.15 % potassium chloride before 
homogenization in chilled pH 7.4 0.2 M phosphate buffer (2 ml./g. 
tissue). No more than three to five strokes in an icecooled glass 
homogenizer tube were required. After centrifugation at 9OOOXg 
for 30 min. at 2-3' and removal of a white layer from the top of the 
tube, the supernate was decanted for use. This preparation rnain- 
tained its activity even after being kept 5 months in the frozen 
State. 


Incubations were carried out in 30-rnl. beakers in a Dubnoff 
shaker-incubator at 37", 70-75 oscillations/min. Oxygen was used 
as the gas phase in all but the nitro-reductase experiment, in which 
nitrogen was used. Gas flow was kept at 1 l./min. Each beaker 
contained 1 ml. of the enzyme preparation, 25 pM glucose-6- 
phosphate, 1-2 pM nicotinamide adenine dmucleotide phosphate, 
34.5 p M  magnesium sulfate, substrate (quantities shown below), 
and0.2 M pH 7.4 sodium phosphate buffer to a final volume of 5 ml. 
In the N-dealkylation reaction assay with aminopyrine. 45 pM 
semicarbazide was included in the reaction mixture. The enzyme 
preparation was added last, following a 10-min. incubation period. 
The reaction was then followed for varying periods: aminopyrk, 
5 min.; acetanilide, 5 min.; p-nitrobenzoic acid, 10 min.; pnitro- 
anisole, 3 min.; and hexobarbital, 5 min. 


Analytical methods used in the in oirro studies were as follows. 
N-Demethylation of aminopyrine was determined by trapping 
formaldehyde derived from the methyl group in sernicarbazone and 
by the Cochin and Axelrod (3) modification of the Nash method. 
Ring hydroxylation of acetanilide was determined by the method of 
Brodie and Axelrod (4). Reduction of pnitrobenzoic acid to p 
aminobenzoic acid was determined by measurement of the latter 
using the Bratton-Marshall reaction (5). 0-Demethylation of p 
nitroanisole was followed by spectrophotometry of the product, p- 
nitrophenol, at 3% nrn. (6). Disappearance of hexobarbital was 
determined by the method of Brodie er al. (7). 


RESULTS AND DISCUSSION 


Biotransfonaationb-The ester linkages of I are highly resistant 
to hydrolysis, withstanding boiling in the presence of acid or base 
or incubation in the presence of various enzyme preparations. 
However, upon oxidation of the dihydropyridyl ring, hydrolysis 
takes place readily. This was borne out by the failure to find in 


~~ 


Details to be published separately. 


Vd. 62, No. 4, April 1973 0 583 







Table W1-Distribution of 14C in Blood of Human, Dog, and 
Rat following Equilibration with W-Labeled I In Vitro 


Table VIII--"C "Fingerprint" of Animal Blood following 
Oral Dose of 14C-P 


~ ~~~ 


-Percent of Added Drug Found- 
Plasma 


Species Proteins cells Plasma Water 


Human 83 f 5 1 6 f  5 0.9 d= 0.7  
Dog 86 f 7 1 3 f 8  0.8 f 0.3  
Rat 91 f 4 8 f 4  1.4 f 0.3 


urine any aromatized parent drug ([I), the expected intermediate 
(Scheme 11). Nevertheless, both expected deesterified metabolites 
were found (111 and 1V). Two remaining metabolites, both unantic- 
ipated, were the results of @-oxidation of an ethyl group (V) and 
oxidation of a 2-methyl group which apparently underwent spon- 
taneous lactonization with an adjacent carboxyl (VI), respectively. 


Quantitative differences in the metabolites were observed in the 
urine of three species, with I11 predominating in the rat and dog 
and IV in the squirrel monkey. Both metabolites, however, account 
for half or more of the urinary 14C (Table 11). 


The relative amounts of the dose excreted in urine and feces were 
highly dependent upon the dosage form. When the drug was given 
to dogs as the crystalline drug (in gelatin capsules), only about 7 x  
was recovered in urine. However, when dissolved in a mixture of 
polyethylene glycol =water ( I  : I ) ,  a four- to fivefold increase in 
urinary output was observed, indicating enhanced absorption of 
the solubilized drug (Table 111). 


Blood levels were correspondingly higher in the animals dosed 
with the solution (Table IV). The mean blood level over the 24-hr. 
period following the dose of the polyethylene glycol 200 solution of 
drug was almost seven times that attained in the dogs dosed with 
crystalline drug. Peak levels in the dog dosed with either form ap- 
peared at  about 2 hr. Similar results were seen in one squirrel 
monkey following doses of polyethylene glycol solutions of drug 
(Table V), but another monkey showed a delayed peak at 6 hr. 


Irrespective of dosage form, the major portion of IC excreted in 
feces of the dog and squirrel monkey appeared from TLC to be the 
parent drug, which accounted for roughly half of the radioactivity 
excreted by this route. 


Enzyme Induction Studies-Because 1 is intended for a condition 
requiring chronic treatment, it was of interest to determine its 
effect during chronic use on metabolizing enzymes, since either 
inhibition or stimulation of the enzymes could conceivably alter 
the physiological response to a given dose. Accordingly, a number 
of widely used tests were run and the results are summarized in 
Table VI. 


These tests indicated that a weak to moderate induction of some 
metabolic pathways (ascorbic acid excretion, phenyl ring hy- 
droxylation, O-dealkylation, N-demethylation, and aliphatic side- 
chain oxidation) occurred following oral administration of I. The 
reverse effect, inhibition of the same microsomal enzyme systems, 
was also tested in o i m  by incubation of I with the liver microsomal 
preparations and the various test compounds referred to in Table 
VI. Compound I was found to be without significant effect on the 
metabolic pathways investigated. 


Protein Binding Studies-Because of the possible influence of 
binding to  plasma proteins on the sojourn and distribution of the 
drug following absorption, it was of interest to determine the extent 
to which binding could occur. The results (Table VII) indicate that 
very little (about I %) drug remains "free" in the plasma of human, 
dog, or rat blood; over 80W was bound to protein and the remainder 
to cellular components. 


These findings may not, however, be of much significance since, 
at times of peak W concentrations in blood following an oral dose, 
only about onequarter of the low levels present could be accounted 
for as parent drug (Table VIII) in the rat and squirrel monkey and 


I 4c 
Con- 


centra- 
tion, --at RI of Metabolites- 


Percent of Dose on TLC 


I'C Peak mg./ IV- 
Species Time, hr. ml. Parent 11 I11 V 


Rat 7 1.81 30 59 1 5 
Dog 2 0.91 2 7 10 45 
Squirrel 3 0.40 24 19 26 6 


monkey 


0 5 rng./kg. in polyethylene glycol 200-water (1 :l). b Expressed as 
equivalent amounts of I. 


only 2 z  in dog. Only the more significant metabolites are shown; 
at least six or eight additional metabolites appearing on the radio- 
scans were not identified. 


CONCLUSION 


Compound I, as a consequence of its poor aqueous solubility, was 
found to require prior solubilization to enhance absorption. It 
appears to be rapidly metabolized in the species investigated (rat, 
dog, and squirrel monkey), which may account for its relatively 
short duration of action?. None of the metabolites identified nor the 
postulated intermediates was found in animal studies* to approach 
the hypotensive effect of the parent drug in potency. Because of the 
observed weak inductive effect on some of the drug-metabolizing 
enzyme systems, subjects treated concomitantly with other drugs 
should be observed for the possibility of drug interactions. 
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Semiautomated Determination of Mandelic Acid as 
Benzaldehyde in Content Uniformity Testing of 
Methenamine Mandelate Tablets 


241 Beckman DU 


10 m m  222 Photo-  
w l t h  G l l f o r d  


n u k e *  1 - h e  
FC m e t e r  


ROBERT E. DALY’ and LESTER CHAFETZ 


Abstract 0 A semiautomated method for the determination of the 
mandelic acid component of met henamine mandelate tablets is 
described. A programmed cam rate of 20 samples/hr., excellent 
recoveries, and relative standard deviations of about 1.5% were 
obtained. Benzaldehyde, formed by ceric-ion oxidation of the 
arylglycolic acid, is determined in the system described. 


Keyphrases 0 Methenamine mandelate tablets-semiautomated 


spectrophotometric determination of content uniformity, mandelic 
acid as benzaldehyde 0 Tablet content uniformity, methenamine 
mandelate-semiautomated spectrophotometric determination 0 
Content uniformity, methenamine mandelate tablets-semiauto- 
mated spectrophotometric determination 0 Arylglycolate ester 
drugs, content uniformity-semiautomated spectrophotometric 
determination 0 UV spectrophotometry-determination of content 
uniformity for methenamine mandelate tablets 


Dow et al. (1) provided an autoanalytic method for 
methenamine mandelate tablets based on colorimetry 
of formaldehyde released from the methenamine moiety 
of the drug. An alternative method based on the man- 
delic acid component, which is potentially useful for 
control of a number of different drugs, is presented here. 


Chafetz (2) described a method for spectrophoto- 
metric determination of mandelic acid and other aryl- 
glycolic acids as benzaldehyde or aryl ketones formed 
by oxidation with ceric ion. This method is used in the 
N F  XI11 (3) for assay of oxyphencyclimine hydro- 
chloride tablets and for content uniformity determina- 


Sampler  I1 


i 0.25% c e r l c  ammonium 
n l t r a t e  I n  N HMO,  


201 h r  . 
116 


* S o l v a f l e x  ; use Tygon 
f o r  a l l  o t h e r  t u b l n g .  


Scheme I-Flow diagram: methenamine mandelate content uniformity mrurifold 
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tion of homatropine methylbromide tablets (4). Ceri- 
metric titration methods using the same chemistry have 
been described for methenamine mandelate formula- 
tions ( 5 )  and for hornatropine hydrobromide (6). 
Automation of the spectrophotometric method is 
described here, wherein 20 units of methenamine man- 
delate tablets can be determined in an hour. 


in tbe concentration range employed. Adherence to Beer’s law was 
demonstrated over a concentration range of from 50 to at least 150 
mcg./ml. 


Methenamine mandelate tablets’ USP (declaring 1, 0.5, and 
0.25 g./tablet) were assayed. Recoveries of added methenamine 
mandelate in six replicate assays of each formulation by the auto- 
mated method were 99.8 f 1.27% for the formulation declaring 1 
g./tablet. 99.4 f 1.38% for the formulation declaring 0.5 g./tablet, 
and 99.2 f 1.87% for the formulation declaringO.25 g./tablet. 


EXPERIMENTAL’ 
SUMMARY AND CONCLUSIONS 


Materials-Methenamine mandelate USP, 0.25 ceric ammo- 
nium nitrate in 1 N nitric acid, and hexane were used. 


Assay-Standord preparation-Transfer about 100 mg. of 
methenamine mandelate USP [previously assayed by direct ceri- 
metric titration (2)], accurately Neighed, to  a 100-ml. volumetric 
flask and dilute to volume with distilled water. Further dilute 10.0 
ml. to 100.0 rnl. with water to  obtain a concentration of about 100 
mcg./ml. 


Assay Preporarion-Transfer one tablet to the jar of the blender, 
add exactly 100.0 ml. of distilled water, and blend for about 15 sec. 
With a disposable pipet, withdraw a portion of the sample and 
completely rinse the cap and the sides of the jar. Blend the sample 
for an additional 45 sec. Dilute the solutions to a final concentra- 
tion of about 100 mcg. metbenamine mandelate/ml. 


Procedure-Assemble the apparatus as shown in Scheme I. Allow 
the recorder and spectrophotometer to stabilize for at least 30 min. 
and charge the reagent lines. Insert the 20/hr. sample cam with a 
1:6 sample-wash ratio, place 2-ml. sample cups in the sampler, and 
arrange so that duplicate assays are obtained for each tablet and 
each 10-assay preparation is bracketed with a standard prepara- 
tion. Set the recorder on the Wmv. scale, adjust the wavelength of 
the spectrophotometer to 241 nm., and adjust the absorbance 
meter to an absorbance of 1.200 and the ratio switch on the power 
supply to 0.25. 


Calculations-For a I-g. tablet, milligram per tablet = AdA. X 
IOC; for a 0.5-g. tablet, milligrams per tablet = AJA, X 5C; and 
for a 0.25-g. tablet. milligrams per tablet = AJA, X 2.5C; where 
A. and A, are the absorbance of the sample and standard, respec- 
tively, and Cis  the weight, in milligrams, of standard taken. 


RESULTS AND DISCUSSION 


A 0.25z solution of ceric ammonium nitrate in 1 N nitric acid 
was sufikient for reproducible oxidation of methenamine mandelate 


1 A Waring blender equipped with a liter glass jar, a Sargent SRLG 
recorder, a Beckman DU spectro hotometer modified with a Gilford 
222 photometer and equipped wit[ an clevated cell chamber cover and 
automated apparatus (Technicon AutoAnalyzer, Technicon. Inc., Tarry- 
town, N. Y.), which included a sam ler (Sampler II) and a proportionat- 
ing pump (Propomonatmg pump Ifwere employed. 


A rapid, sensitive, and repetitive semiautomated method has 
been described for &termination of the content uniformity of 
methenamine mandelate tablets. Excellent recovery data were 
obtained for methenamine mandelate added at  the 0.25-, 05, and 
I-g./tablet levels. On the basis of previous work on spectrophoto- 
metric determination of arylglycolate ester drugs (2), it is expected 
that the method could easily be extended to the content uniformity 
determination of the tablet preparations of clidinium bromide, 
glycopyrrolate, homatropine methylbromide, mepenzolate bromide, 
oxyphencyclimine hydrochloride, and penthienate bromide in NF 
as well as to unotkial drugs with similar structure. 
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New Compounds: 
Synthesis of 1-Aryl Substituted Hydantoins 


JAY NEMATOLLAHI., ZARINE MEHTA, and JOHN LANGSTON 


m c t  0 A series of 1-aryl substituted hydantoins was synthe- 
sized by condensation of monosubstituted ureas and glyoxal. The 
method is facile and applicable for the preparation of 1-alkyl sub- 
stituted hydantoins as well as analogs of the compounds. 


Keyphrasea 0 Hydantoins, 1-aryl substituted-synthesis, condensa- 
tion of monosubstituted ureas and glyoxal 0 1-Aryl-substituted 
hydantoins-synthesis, condensation of monosubstituted ureas 
and glyoxal 


Because hydantoins manifest a variety of biological 
activities and function as intermediates in the prepara- 
tion of some important organic compounds, their chem- 
stry has been investigated extensively. Few reports of 


Table I-Data for 1-Substituted Hydantoins 


tities (less than 5%) of a 1,3-disubstituted tetrahydro- 
imidaz~4,5-dJimidazole-2,5-dione (2) and a 3-substi- 
tuted hydantoin which were formed along with the 1-sub- 
stituted isomer, were separated simply by fractional 
crystallization. 


The structures of the compounds were elucidated by 
elemental analysis and spectral data. The NMR spectra 
were particularly useful both for determining the relative 
quantity of 1- and 3-substituted isomers present in the 
product of the reaction and for determining their struc- 
tures. The peak positions at 6 4.6 and 4.4 (using tri- 
ftuoroacetic acid as a solvent and sodium 2,2-dimethyl- 
2-silapentane-5-sulfonate as a reference) for CHI were 
assigned to 1- and 3-substituted hydantoins, respectively, 


H 4y 
Q R 


~ ~~ 


-Analysis, z- 
Number R Yield, Melting Point Formula CalC. Found 


43 212-214' c,a,ONa03 C 63.15 63.29 
H 5.30 5.26 


I CH: 
N 14.47 14.73 


197-198O c1oH1oN10: C 58.25 58.30 
H 4.85 5.10 


I1 OCH: 30 
N 13.59 13.21 


111 c1 30 231-233' CeHKlNLh C 51.32 51.22 
H 3.35 3.36 
N 13.30 13.66 


Iv Br 35 235-237' C@H&N& C 42.35 42,27 
H 2.74 3.01 
N 10.98 10.76 


the chemistry of I-aryl substituted hydantoins' (l), 
however, are available. This fact may be ascribed to the 
difficulty in synthesizing these compounds by the usual 
procedure involving reaction of an N-substituted glycine 
and an isocyanate. 


This report describes a synthetic method for the 
synthesis of a few representative 1-aryl substituted hy- 
dantoins. The method is facile, unequivocal, and ap- 
plicable to the synthesis of alkyl or aryl analogs of the 
compounds listed in Table I. It consists of an acid- 
catalyzed condensation of a substituted urea with 
glyoxal in relatively polar medium. Some small quan- 


1 The report. by A .  Hill e r  a/.. J .  Amer. .Chem. Soc.. 44, 2357j1922). 
of the synthesis of 3-substltuted hydantoins, erroneously designated 
them as 1-substituted hydantoins. 


based on comparison with the spectra of authentic sam- 
ples of 3-substituted hydantoins (3). 


Four para-substituted 1-phenylureas, varying in 
electronic and steric properties, were prepared as rep- 
resentatives for the synthesis of 1-substituted hydan- 
toins. The substituents are CHI, OCHs, Br, and C1 
(Scheme I). The Hammett u values for the first two 
groups are about the same; for C1 and Br, they are 
identical. The van der Waals' radii for CH3 and Br 
are about the same. An analysis of the experimental 
results using reactants containing such electronic and 
steric factors is envisaged to contribute both to the 
synthetic and mechanistic aspects of the urea-glyoxal 
condensation reaction. So far, the data obtained from 
this particular series of reactions seem to indicate that 
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0 H 
I 


HN-c-NH, 


I 
R R = CHb OCH,, CI, Br 


scheme I 


the nature or the yield of the reaction products is not 
influenced siguificantly by either factor. 


EXPERIMENFAL.' 


The preparation of compounds Usted in Table I is exemplified 
by the following method described for 1-pmethylphenylhydantoin 
(I). 


To a hot solution of 3.0 g. (0.02 mole) of ptolylurea in 50 ml. of 
50% ethanol was added I .56 g. (0.02 mole) of 80% glyoxal, followed 


* Melting points were determined on a Thomas-Hoover a paratus and 
are uncorrected. The NMR s ectra were determined on a !erkin-Elmer 
R-12. Sodium 2,2-d~ethyl-~oilapentanc5-Pulfonate was bsed a$ a re- 
ference; trfiuoroacetr acid was used as a solvent except for Com- 
pound XI for which dimethyl sulfoxide was used. The LR spectra were 
determined in KBr disk with a Beckman IR-8 instrument. 


CO M M U N I C A  TIONS 


by 10 ml. of a 10% solution of hydrochloric acid in ethanol. The 
solution was heated under reAux for 6-10 hr. A solid that formed 
was separated from the hot reaction medium to give 1.05 g. of first 
crop, whose NMR spectrum indicated that it was a mixture of I 
containing less than 5 Z 1,4-di-ptolyltetrahydroimi~z~ [4,5-4imid- 
azole2,5--dione. Crystallization of this crop from methanol 
gave 0.9 g. of pure I. The filtrate from the reaction mixture was 
allowed to remain at room temperature for about 2 hr., at which 
time an additional 0.4 g. of solid was separated. This crop was 
identified to be I. A third crop, 0.5 g., obtained after complete 
evaporation of filtrate, contained about 10% of the >substituted 
isomer of I. Crystallization of this crop from methanol gave 0.3 g. 
of pure I. The combined yield of I was 1.6 g. (43Z), m.p. 212-214'. 
Microanalysis is recorded in Table I. 
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Effect of Chain Length in Homologous 
Series of Anionic Surfactants on 
Irritant Action and Toxicity 


Key- Chain length &ect-irritant action and toxicity of 
homologous series of anionic surfactants 0 SurfBctants, anionic- 
effect of chain length in homologous series on irritant action and 
toxicity 0 Toxicity, anionic surfactants-4Tect of chain length in 
homologous series 0 Irritant action, anionic surfactants+ATect of 
chain length in homologous series 0 Skin-effect of chain length 
of anionic surfactants on swelling and irritant action 


Sir: 


Among the investigations into the irritant action and 
toxicity of homologous series of anionic surfactants 
containing a single normal alkyl chain are the following. 
Choman investigated the swelling of human skin in solu- 
tions of sodium alkyl sulfates (1) and the swelling of der- 
mal collagen of calf in sodium soaps (2). Edwards (3) 
studied the effect of sodium soaps on the lysis of red 
blood cells and on segments of earthworms, while Emery 


and Edwards (4) studied their irritant action on human 
skin. Gale and Scott ( 5 )  investigated the intraperitoneal 
and oral toxicity of sodium alkyl sulfates as well as their 
effects on various types of muscles. In these and other 
investigations, the greatest effects among the sodium 
alkyl sulfates ranging from octyl to octadecyl were 
shown by the dodecyl sulfate. In the series of soaps 
ranging from sodium octanoate to stearate, sodium 
laurate displayed the highest activity. Representative 
curves are shown in Figs. 1 and 2. Figure 1 refers to the 
net swelling, i.e., swelling in the surfactant solutions 
minus swelling in pure water, measured as increase in 
thickness. The surfactant solutions were at or slightly 
above the CMC. 


The purpose of this communication is to present a 
hypothesis to explain the maximum effectiveness ob- 
served for intermediate members of the homologous 
series. Maxima or minima in the relationship between 
two variables often arise from the effect of two opposing 
factors on these variables, one of which tends to en- 
hance the relationship while the other tends to diminish it. 
In the present case, one of the two factors affecting the 
relationship between the length of the alkyl chain of 
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as the chromatographic solvent, Then 200 g. of the chloroform ex- 
tract of A. oregona was adsorbed onto 5QO g. of alumina 111, and the 
dried pulverized mixture was placed on top of the column. The 
column was eluted first with hexane and then with solvents of in- 
creasing polarity, Each fraction was examined by TLC, silica gel G, 
using chloroform -benzene-ethyl acetate (4 :8: 1) a s  the solvent 
system and ceric sulfate as the developing reagent. The fractions 
showing the same materials on TLC were combined into six groups. 


Isolation of Lupeol-Fraction C yielded a large precipitate of 
crystals. After repeated crystallizations from chIoroform-methanol, 
14 g. of a colorless crystalline compound was obtained. Its melting 
point was 210-212", [ a ] ~  +25", compared with the values for 
lupeol of 215" and [a]n f27" (10). 


Preparation of Impeol Acetate-1.upeol (0.138 g.) was dissolved 
in 2.0 ml. of pyridine, and 2.0 ml. of acetic anhydride was added to 
the mixture. The mixture was left standing overnight a t  room tem- 
perature. It was then poured over crushed ice. The precipitated 
compound was collected and washed thoroughly with water until 
free of acetic acid and pyridine. After drying under vacuum, the 
compound was recrystallized twice from chloroformwnethanol. 
Solid needles of crystals, m.p. 211-212" and [a]D +33", were ob- 
tained. The reported values for lupeol acetate were m.p. 218' and 


Preparation of Lupeol Benzoate-A mixture of isolated lupeol 
(ZOO mg.), 'pyridine (2.0 ml.), and benzoyl chloride (2.0 ml;) was 
refluxed for 1 hr. It was then cooled and poured over crushed ice. 
The mixture was refrigerated for 1 day. The precipitated com- 
pound was filtered off and then redissolved in ether. The ethereal 
solution was successively washed three times each with 5 %  so- 
dium bicarbonate, 5 % hydrochloric acid, and water. After drying 
the washed ethereal layer over anhydrous sodium sulfate, it was 
filtered and the ether was allowed to evaporate at  room temperature. 
The residue, upon repeated crystallization from chloroform-ethanol, 
gave long platelike crystals, m.p. 258-260", [& +56" [lit. (10) 
m.p. 273-2'74", [ a ] ~  +hl"]. The IR spectrum of this compound 
(KBr pellet) and that of an authentic sample of lupeol benzoate 
were superimposable. 


Isolation of Betulin-Fraction F yielded a large quantity of a 
crystalline compound. This material was purified by recrystalliza- 
tion from chloroform and then from ethanol. Solid, thin, rodlike 
crystals, m.p. and mixed m.p. 253-254", [a]n + 18' [lit. (11) m.p. 
251-252", [(Y]u +20"] were obtained. The IR spectrum of the iso- 
lated betulin (KBr pellet) and that of an authentic sample of betu- 
lin were in complete agreement. 


[nlu +47O (10). 


Preparation of Betulin Diacetate-Betdin (0.3 g.), pyridine (0.3 
ml.), and acetic anhydride (3.0 ml.) were refluxed for 1 hr. After 
cooling the reaction mixture, a precipitate was obtained. The 
material, after repeated crystallization from ethanol, gave blade- 
like crystals, m.p. 222-225", [ a ] ~  +24' [lit. (10) m.p. 223-224", 
[ a ] ~  +22"]. An authentic sample of this compound gave an iden- 
tical IR spectrum (KBr pellets). 
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Antibacterial Activity of Certain 
3-Substituted Benzothiazoline-2-thiones 


RAJENDRA S. VARMA, SYED A. IMAM*, and W. LEWIS NOBLES' 


~~~ - 


Abstract 0 Preliminary antibacterial screening results for 18 com- 
pounds are provided. Sixteen compounds exhibited some degree of 
aciivity. 


Keyphrases 0 Benzothiazoline-2-thiones, 3-substituted-18 com- 
pounds screened for antibacterial activity against four organisms 0 
Antibacterial activity-I8 3-substituted benzothiazoline-2-thiones 
screcned against four organisms 0 3-Aininomcthylhenzothiazoline- 
2-thiones, substituted--18 compounds screened for antibacterial 
activity against four organisms 


Many of these compounds were effective against Cun- 
didu ulbicuns and bacterial strains resistant to penicillin 
(4). These observations led us to synthesize a series of 
3-substituted benzothiazoline-2-thiones (I). The syn- 
thesis of I was reported elsewhere (8). The present 
article describes the evaluation of compounds of type I 
against four organisms by the agar diffusion technique 
(9). 


Antibacterial (1-4), antispasmodic (9, and anti- 
tubercular (6, 7) properties have been demonstrated by 
benzothiazoline-2-thione and some of its derivatives. 


EXPERIMENTAL 


The agar medium was inoculated with 1 rnl. of 24-hr.-old culture 
of the test organism. Filter paper disks (5-mm. diameter) saturated 
with the solution of the test compound (20 mg./ml. in ethanol) were 
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Table &Antibacterial Activity of 3-Substituted Benzothiazoline-2-thiones 
~~ ~ ~~ ~ -_-- ~ - - -  Microbial  spectrum^---------------- 


Salmonella Aerobacter Staphylococ- 
Escherichia cofi typhosa aerogenes cus aureus 


Com- 
pound R RI 


1 H  -N>CH, + - 


++ + 


+ 


+ 


++ + - 


b 
+++ - - 


+ +++ - 


++ + + 


+++ 


+++ 


+ 


++ 


+ 


- 


++ 
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+ 


+ 


++ 
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- 


10 c1 


11 c1 


12 c1 


+ 


++ 


+ 
OCH, 


13 H 


14 C1 + 


15 H 


16 C1 


+ 
+ - 0 - C -  CH,  


; 
- O H  


- OH 


17 H 


18 C1 


++ 
+ 


++ + 
+ + 


+ 
+++ 


0 Cultures maintained at Central Drug Research Institute, Lucknow, India, were used. Zone size: 6-10mm. (f), 11-15 mm. (+ +), and greater than 
15 mm. (f ++). * No study was made in this case. 
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I 
placed on the agar after drying up the ethanol. After a n  incubation 
period of 36 hr., the zones of inhibition around the disks were 
measured. The organisms included in this study were: Esclierichia 
coli, Salniotic.lla typlrosa, Aerohucrrr aerogenes, and Staphylococcus 
uurws. 


DISCUSSION 
Eight compounds. obtained by varying the substituents at  the 3- 


and 5-positions of benzothiazoline-2-thione, were evaluated for 
their inhibitory effects on four organisms. The results of this study 
are recorded in Table I .  The substituents at  position 3 were: 3- 
methylpiperidinomethyl, 4-methylpiperidinomethyl, 4-phenylpiper- 
idinomethyl, 4-phenylpropylpiperidinomctliyl, 2,6-dimethylmor- 
pholinomcthyl, hexamethyleneiminomethyi. anilinomethyl, 4- 
fluoroanilinomethyl, acetoxymethyl, 3,4,5-trimethoxybenzoxy- 
methyl, and hydroxymethyl groups. Position 5 was occupied by a 
chlorine atom in certain compounds, and others were without any 
substituents. Compounds 3 and 13 were devoid of any inhibition. 
Activity was considerably reduced when the heterocyclicamino 
function was replaced by the arylamino, acetoxy, or 3,4,5-trinie- 
thoxybenzoxy groups. Five compounds (2, 8, 10, 17, and 18) were 
active against all four organisms. 
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Viscosity Change in Salicylic Acid-Cetrimide 
System by Surfactants 


LUCY S .  C. WAN 


Abstract The series of cationic and nonionic surfactants studied 
were found to decrease the viscosity of the salicylic acid-cetrimide 
system. This viscosity deuease varied with the surfactant conceii- 
tration and with the volume of additive solution. With cationic 
surfactants. the fall in viscosity could be attributed to a dilution of 
the system, with the same type of surfactant resulting in a decrease 
oT saturation; with nonionic surfactants, the fall in viscosity could 
be attributed to a penetration of the additive into the mesh struc- 
ture of the macromolecules. bringing about a separation of the 
macromolecules from each other. 


Keyphrases u Viscosity- etfect of surfactants on salicylic acid- 
cetrimide system C Surfactants, cationic and nonionic- erect on 
viscosity of salicylic acid-cetrimide system 0 Salicylic acid cetri- 
mide system-effect of surfactants on viscosity 0 Cetrimide- 
salicylic acid systeni- erect of surfactants on viscosity 


As stated in an earlier paper (l), the anionic surfac- 
tants studied caused an increase in viscosity followed by 
a decrease in similar salicylic acid-cetrimide systems. It 
was considered logical as a follow-up to itivestigatc the 
other two common types of surfactants as additives to  
these systcms. Hence. some cationic and nonionic sur- 
factants were selected on thc basis that they could be 
used in  pharmaceutical practice. Studies of this nature 


have not apparently been undertaken, although some 
related work has been carried out on the interaction of 
pharmaceutical compounds such as starch, amylopec- 
tin, and chondroitin with quaternary animonium com- 
pounds (2- 4). 


EX PER1 M E  NT A I 


Materials- The cationic surfactants used were dodecyltri- 
methylammonium bromide', alkyl aryl trimethylammonium chlo- 
ride', and cetrimide BP2; the nonionic surfactants were polysorbate 
203, polysorbate 40.', polysorbate 603, polysorbate 803, polysorbate 
8S3, and polyoxyethylene ether of cetyl alcohol4. The recrystallized 
salicylic acid, m.p. 158-159", was the same as that stated in a 
previous paper (5). 


Measurement of Viscosity at 25' -A system containing I .4 2 
salicylic acid and 5 %  cetrimide in water was prepared, and its 
viscosity in the presence of  an added solution of surfactants was 


1 Marketed a s  Morphan 11 and Gloquat C ,  respectively, by Glovers 
Chemicals Ltd., Leeds 12, England. The active ingretlicnt content  of 
Cloquat C is SOY!, wiw. 


Glovers Chemicals Lttl., Leeds 12, England. 
Marketed as Twcen 20, 40, 60, 80, and  85, respectively. by Honey- 


will-Atlas Ltd., London, England. 
'Marketed a s  Texofor A24 by Glovers Chemicals Lttl., Leeds 12. 


England. 
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Effect of 3-Phenylpropan-1-01, 2-Phenylethanol, and 
Benzyl Alcohol on Pseudomoms aeruginosa 


R. M. E. RICHARDS' and R. J. McBRIDE 


Abstract 0 3-Phenylpropan-1-01, Zphenylethanol, and benzyl 
alcohol were investigated for their inhibitory action against Pseu- 
domonas aeruginosa. 3-Phenylpropan-1-01 was the most effective and 
benzyl alcohol was the least effective as shown by: (a) growth rate 
studies using subinhibitory concentrations of the alcohols, (b)  
determination of minimum inhibitory concentrations. and (c) 
determination of sterilization times. The. three comppunds enhance 
the bactericidal action of benzalkonium chloride against P. 
aeruginosa in the same ranking order. It is suggested that 3-phenyl- 
propan-1-01 may be a suitable preservative for oral suspensions and 
mixtures. 


Keyphrases 0 3-Phenylpropan-1-01 effect on Pseudomonas aeru- 
ginom-compared to  2-phenylethanol and benzyl alcohol with/ 
without benzalkonium chloride 0 ZPhenylethanol effect on 
Pseudomoms aeruginom-compared to  3-phenylpropan-1-01 and 
benzyl alcohol with/without benzalkonium chloride 0 Benzyl 
alcohol effect on Pseudomonas aeruginosa-cornpared to  3-phenyl- 
propan-1-01 and 2-phenylethanol with/without benzalkonium 
chloride 0 Bactericidal activity-mparison of 3-phenylpropan- 
1-01, 2-phenylethanol, and benzyl alcohol with/without benzal- 
konium chloride 0 Pseudomoms aeruginosa inhibition-effect of 
3-phenylpropan-1-01, 2-phenylethanol, and benzyl alcohol with/ 
without benzalkonium chloride 


As the result of a survey of the contamination of 
pharmaceutical preparations, Hooper (1) stated that: 
" . . , aqueous medicines containing no preservative were 
very favourable breeding grounds for water-borne 
Gram-negative bacteria including Pseudomonas/Alcali- 
genes/Achromobacter groups. Mixtures such as mag- 
nesium trisilicate, aluminum hydroxide, ammonia and 
ipecacuanha, kaolin, magnesium carbonate, magnesium 
sulphate and magnesium hydroxide were often found to 
contain enormous numbers of organisms, counts of 
los per ml were often commonplace." Thus there is an 
urgent need for a preservative suitable for inclusion in 
such preparations. 


The aim of this present investigation was to compare 
3-phenylpropan- l-oll, 2-phenylethanol, and benzyl 
alcohol, both as single compounds and in combination 
with benzalkonium chloride, for their effects on Pseu- 
domonas aeruginosa. 


The initial member of this series of phenyl-substituted 
aliphatic alcohols is benzyl alcohol, which has been used 
for its antibacterial and analgesic properties in injections 
over the past 20 years. Gershenfeld (2) stated that, in a 
concentration of 1% or more, benzyl alcohol is bac- 
teriostatic to a number of organisms. Its sharp burning 
taste, however, curtails its usefulness in oral products 
(3). 


2-Phenylethanol is active against Gram-negative 
organisms (4) and is compatible with many ophthalmic 
solutions (5 ) .  Therefore, it is recommended in USP 


XVIII (6) and NF XI11 (7) for preserving ophthalmic 
solutions. 2-Phenylethanol also has been shown to en- 
hance the activities of a number of preservatives com- 
monly used in ophthalmic solutions (8- 13). 


3-Phenylpropan-1-01, the hornolog of 2-phenylethanol 
having the synonym hydrocinnamyl alcohol, is a liquid 
with a cinnamon-like odor and is slightly soluble in 
water. The antibacterial properties of this compound 
have not been reported previously, but it was thought 
that it may prove to be a suitable preservative for rnix- 
tures and suspensions. 


EXPERIMENTAL 


Materials-Benzyl alcohol', 2-phenylethanoP, and 3-phenyl- 
propan-1-01' were of laboratory reagent grade, and benzalkonium 
chloride BPJ was used. The liquid growth medium was oxoid' 
nutrient broth No. 2 and the incubation temperature was 37". P. 
aeruginosa NCTC 67506 was the test organism and was maintained 
as stab cultures in oxoid' nutrient agar at a temperature of 4'. 
The inactivating medium was that described by Riegelman et af. 


Methods-The evaluations used either log phase cultures for 
growth rate studies or overnight cultures for determinations of 


(14). 


A5 


O ' l  Y 
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50 100 150 
MINUTES 


Figure l-€flect of carious coirceirtratioirs sf phenylerlrorrol 011 the 
growrlr of' P. aeruginosa NCTC 6750. Siificieirf plreiry/etlrairo/ was 
added at the time indicated by the arrow to gice the final concentra- 
rioirs as,follows: 0, no plrenyletlronol added; A, 0.05% plreirylerlrairol; 
0, 0.1 plienyletlrarrd; 0, 0.15% plrenyletlraird; 0,  0.2% phenyl- 
etharrol: A, 0.25 % plterryletl~anol; ., 0.3 % phenyletlranol: atrd m, 
0.35 phenyletbuiid. 


* British Dru Houses, Poole, Dorset. England. 
I MaCarthy ftd.. Glasgow. Scotland. 
4 0 x 0  Ltd., London, England. 


8 National Collection of Type Cultures. Colindale, London, England. 1 Patent applied for. 
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Table I-Minimum Inhibitory Concentrations for 
3-Phenylpropan-1-01, ZPhenylethanol, and Benzyl Alcohol 
against P. aeruginosa NCTC 6750 in Nutrient Broth at 25" 


Minimum Inhibitory 
A n c e n t r a t i o n ,  %-- 


1.9 X l(r 
Overnight 


Alcohol LogPhaseCells cells/ml. 


Benzyl alcohol 0.41 0.42 


3-Phenylpropan-1-01 0.27 0.26 
ZPhenylethanol 0.30 0.34 


growth inhibition and cell death. Cell numbers were estimated by 
colony counts as previously described (13). 


meet 011 Growth Rate-Log phase cultures were prepared by 
inoculating 100 ml. prewarmed nutrient broth with 1 ml. of an 
overnight culture, prepared from a stored stab culture of P. aeru- 
ginosa, and incubating in a shaking incubator' at 100 throws a 
minute. (Each stab culture was used once only.) Growth was fol- 
lowed by measuring the absorbance of samples in a spectropho- 
tometer7 at 420 nm. When the absorbance reading was 0.3-0.35, I-ml. 
samples were transferred to each of the required number of 10@ 
ml. quantities of prewarmed broth in 250-1111. conical flasks. 
Chemicals were subsequently added to these log phase cultures 
when the absorbances were approximately 0.1. 


Effect of Alcohol Concentration-Varying concentrations of one 
of the alcohols were added to a number of similar cultures and 
simultaneously an equivalent volume of water was added to the 
control culture. (All liquids, as well as the pipets used in making 
their addition, were prewarmed to 37".) The growth in each cul- 
ture was followed by making absorbance measurements over the 
next 1.5-2.5 hr. The log of the absorbance so obtained for each 
concentration of alcohol was graphed against the time over which 
the determinations were made to give a result similar to  that in 
Fig 1. By using the method of least squares, the equation for each 
line was calculated to obtain the slope which is the growth rate. 
The growth rate for each concentration. when expressed as a per- 
centage of the growth rate of the control culture, was then plotted 
against the concentration of alcohol to produce a graph such as 
Fig. 2. The point where the baseline is crossed indicates the con- 
centration of alcohol that will inhibit log phase cultures of P. 
aeruginosa, and these values are given in Table I. 


Comparatioe Activity of Alcohds-To three log phase cultures, 
sufficient benzyl alcohol, 2-phenylethanol, and 3-phenylpropan- 
1-01 were added to give final concentrations of 0.178, 0.2, and 
0.223% (w/v), respectively. An equivalent volume of water was 
added to the control culture. The concentrations used gave equi- 


K I  \ 
I 50 


CONCENTRATION, 


Figure 2-Correlarion between subinhibitory concentrations of 
phenylethanol and growrh rate oJP. aeruginosa NCTC 6750 in sub- 
inhibitory concentrations of phenylethanol expressed as a percentage of 
the growth raie in rhe absence ofphenylethand. 


6 Mickle Engineering Co, Gomshall, Surrey, En land. 
7 Unican SP600. Pye Unicam Ltd., Cambridge. kngland. 
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Table II4terilization Times at  25" for 5.6 X lW Cells/rnl. 
P. aeruginosa NCTC 6750 in Aqueous Solutions of Eienzyl 
Alcohol, 2-Phenylethanol, and EPhenylpropan-1-01 Alone and in 
Combination with Benzalkonium Chloride, 0.01 % (w/v) 


Antibacterial ---Sterilization Time, min.n.7- 
Single Substance Combination Concentrations, % 


Benzalkonium 50-60 - 


Benzyl alcohol, 0.4 >24 hr. 25-30 
2-Phenylethano1, 0.4 >24 hr. 20-25 
2-Phenylpropan- 1-01, 75-90 < 5  


chloride, 0.01 


0.4 


molar concentrations of the three alcohols. The growth in all flasks 
was followed as already described; the results are expressed in 
Fig. 3. 


Alcohol-Benzalkoriium Combination.-To eight log phase cul- 
tures the following were added: (a) water; (b) benzalkonium chlo- 
ride, 0.003%; (c )  benzyl alcohol, 0.175%;; (d) bphenylethanol, 
0.175%; (e) 3-phenylpropan-l-ol, 0.175x; (f) benzyl alcohol, 
0.175%, and benzalkonium chloride, 0.003%; (8) 2-phenylethanol, 
0.175%. and benzalkonium chloride, 0.003%; and (h) 3-phenyl- 
propan-1-01, 0.175x, and benzalkonium chloride, 0.003%. The 
growth of each culture was followed as before and the results form 
Fig. 4. 
Elfeet 011 Growth InbiMh.and Cell Death-Minimum Inhibitory 


Concentration-A series of concentrations of benzyl alcohol, 2- 
phenylethanol, and 3-phenylpropan- Lo1 were prepared in 10-ml. 
volumes of nutrient broth. Each tube was inoculated with 0.1 ml. 
overnight culture of P. aeruginosa to give a final viable concentra- 
tion of approximately 1 .9 X I@ cells/ml. The tubes were incubated 
for 5 days and observed for growth daily. The lowest concentration 
of each alcohol showing no growth is given in Table I. 


Sterilization Times-Tubes containing 9.9-ml. volumes of the 
aqueous solutions under test were equilibrated in a water bath at 
25". after which 0.1 ml. of overnight culture of P. aeruginosa was 
added to give a final inoculum of approximately 5 x 10' cells/ml. At 
intervals of 5,10, 15, 20,25.30,40,50,60,75,90,105,and 120min.and 
24 hr. after the addition of the inoculum, 0.5-ml. samples were added 


0.5 


z 
I- 
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P 0.1 
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Figure Scornparison of rhe effect of equimolar concentrations of 
benzyl alcohol, phenylerhand, atid 3-phenylpmpan-I-d on rhe growth 
of P. aeruginosa NCTC 6750. Suficient alcohol was addedat the rime 
indicated by rhe arrow to gice aJina1 concentration of 1.6 X lo-' M. 
Key: 0, no alcohol; A, benzyl alcohol; 0, phenylethatlol; and 0, 3- 
phenylpropan-1-01. 


MINUTES 







to  9.5 ml. of inactivating recovery medium and incubated for 3 days. 
Positive controls were prepared by adding 0.1 ml. of a 10‘ dilution 
in nutrient broth of an overnight culture of P. ueruginosu to tubes of 
recovery medium separately containing 0.5 ml. of each of the 
preservative solutions under test; all showed growth. The results 
are tabulated in Table 11. 


RESULTS AND DISCUSSION 


After the addition of subinhibitory concentrations of either of 
the three alcohols, the log phase cultures continued to grow ex- 
ponentially but at a rate dependent on the alcohol concentration. 
Typical results for phenylethanol are given in Fig. 1. Lang and 
Rye (15), using a different experimental technique, investigated the 
growth inhibitory properties of benzyl alcohol and phenylethanol 
against ficherichia cdi.  These workers found that growth occurring 
in the presence of benzyl alcohol was exponential, but that the 
growth rate in the presence of phenylethanol occurred at a gradually 
decreasing rate throughout the period of incubation. It was not 
apparent why the response of the E. cdi to the action of the alcohols 
was different. 
The concentration of each alcohol causing inhibition of growth 


of log phase cultures was then determined by plotting the growth 
rate for each concentration of alcohol, as a percentage of the 
growth rate of the control containing no alcohol, against the al- 
cohol concentration. Figure 2 shows the results for phenylethanol, 
and the same linear response was obtained with the other two 
alcohols; these findings demonstrate the effectiveness of these anti- 
bacterials under the conditions of the test. Unpublished resulM 
with benzalkonium chloride, however, showed a different response 
pattern to that of the alcohols. When the percentage of the control 
growth rate was plotted against the concentration of benzalkonium 
chloride, a straight line was obtained at  low concentrations but 
this became asymptotic at higher concentrations. This lack of 
linearity shows that the antibacterial action of benzalkonium 
chloride is inadequate under the conditions of the growth rate ex- 
periments using P.  ueruginoso as the test organism. This technique 
might prove useful in determining the suitability of a given anti- 
bacterial for use as a preservative against a given organism. 


The concentrations of the alcohols causing inhibition of log 
phase cultures of P. ueruginosa are given in Table I, together with 
the minimum inhibitory concentrations for overnight cultures. 
The closeness of the two sets of values indicates that the alcohols 
have a uniform activity against P. uenigimsa cells in different phases 
of the growth cycle. 


Figure 3 shows that at a concentration of 1.6 X lo-* M, 3- 
phenylpropan-1-01 is more active against log phase P. ueruginosa 
than 2-phenylethanol, which is more active than benzyl alcohol. 


2-Phenylethanol has been shown to enhance the antibacterial 
effect of benzalkonium chloride on log phase cultures of P. ueru- 
ginosu (10) and to give shorter sterilization times in ophthalmic 
preparations (11). Figure 4 shows that all of the alcohols increase 
the &ect of benzalkonium chloride. Again Ephenylpropan-1-01 is 
the most effective and benzyl alcohol is the least effective. This re- 
sult is confirmed by the sterilization times for aqueous solutions of 
the preservatives alone and in combination with 0.01% benzal- 
konium chloride against large inocula of P. ueruginosu (Table 11). 
3-Phenylpropan-1-01 sterilized in less than 90 min., but phenyl- 
ethanol and benzyl alcohol both gave positive samples after 24 hr. 
No growth was detected in any of the samples from the 3-phenyl- 
propan-1-ol-benzalkonium chloride combination. 


SUMMARY A N D  CONCLUSION 


3-Phenylpropan-1-01 is more effective than 2-phenylethanol which, 
in turn, is more effective than benzyl alcohol in inhibiting the growth 
of P. ueruginosa and in enhancing the activity of benzalkonium chlo- 
ride against P. ueruginosa. The com,mund 3-phenylpropan- 1-01 
with its cinnamon-like odor is quite pleasant at a concentration of 
0.4% in water and may be suitable, either alone or in combination, 
for use in the preservation of oral preparations. 


I R. M. E. Richards and R. I. McBride. 


50 100 150 
MINUTES 


Figure 4-Effect OfO.l75% beiizyl olcolrol, 0.1 75% pherrylethairol. 
uiid 0. I75 % 3-ph~1iylprc~rr- l -ol ,  uloirc arid ii: comhiirarioir with 
0.003% beirzalkoirium chloride, oir the growrh of P. aeruginosa 
NCTC 6750. The suhsiuirces were udded at the time indicured by the 
urrow. Key: 0, wuter: 0, beirralkoiiium chloride: A, beiizyl alcohol; 
A, beirryl ulcolrol uird beiizalkoiiium chloride; 0,  phenylerhaiiol; .. 
plieirylethairol uiid beirzalkoiiirtm chloride; 0, 3-phenylproparr-1-ol; 
triid e, 3-plreirylpropuir- I-ol rind benwlkonium chloride. 
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Variables Involved in an 
Automated Tablet-Coating System 
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Abstract 0 Operational characteristics of an automatic airless 
spray tabletcoating system were evaluated. The major variables 
considered were volume of fluid delivery and spray pattern charac- 
teristics. The study showed that: (a )  a linear relationship existed 
between the pressure employed and the volume of fluid delivered, 
(b) viscosity had a small effect on the volume of fluid delivered, (c) 
spray tip orifice size was directly related to fluid delivery volume, 
and (d) spray patterns can be effectively used in formulating and 
selecting the proper conditions for spray application of a tablet- 
coating liquid with an automatic coating system. 


Keyphrases 0 Tablet-coating system, automatic, airless-evalua- 
tion of volume of fluid delivery and spray pattern characteristics, 
relationships 0 Coating of tablets, automatic, airless--evaluation 
of volume of fluid delivery and spray pattern characteristics, rela- 
tionships 


The art of tablet coating has become, in recent years, 
a scientific process in which an exact and reproducible 
amount of coating material can be delivered in a uni- 
form manner onto a tablet mass. The evolution of this 


I 1 I I 1 1 


1400 1680 1960 2240 2520 2800 
SOLUTION PRESSURE, p.s.i. 


Figure 1-Pressure-volume curves, bsec. delivery. Key: I ,  calcium 
carbonate, 5 z; 2, syrup USP: 3, water: and 4, alcohol LISP. 


scientific process began with the design of an air suspen- 
sion technique by Wurster (l), which was later refined 
for special automatic techniques. The impetus for de- 
veloping better tablet-coating techniques was con- 
tinued by Lachman and Cooper (2) and Mody et al. 
(3), who developed automatic film coating. More re- 
cently, Heyd and Kanig (4) described an improved 
automated tablet-coating system. 


Once these automated systems were developed, the 
need for a better coating procedure became evident. 
The conventional method of completely wetting down 
the tablets and then allowing them to dry with the aid 
of forced hot air could no longer be used. Instead, some 
variation of short intermittent wetting and drying 
cycles was introduced to apply the tablet coat more 
uniformly. In addition, a complete reformulation of the 
coating solution was sometimes necessary when con- 
verting from the conventional tablet-coating technique 
to an automated process. Accordingly, the spray ap- 
paratus selected in an automated system must be eval- 
uated with respect to the variables involved in the use 
of diverse coating solutions as well as for the mechanical 
aspects of the process. 


The purpose of this study was to evaluate the influ- 
ence of the automated coating system per se and the 
nature of the coating liquid on the volume of coating 
fluid delivery and its spray pattern. 


I 1 I 1 I 1 I 


1400 1680 1960 2240 2520 2800 
SOLUTION PRESSURE, p.s.i. 


Figure 2-Pressure-volume curoes, calcium carbonate suspensions. 
Key: - -, 5%; --, I5%; and-, 35%. 
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Taw I-Delivery Volume as a Function of Ressure 
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Total Volume 
Rate, ---Delivered, ml.- 


ml./ .s.i. 1400 2100 2809 
Liquid ( 1 8 8 )  p.s.i. p s i .  ps.1. 


Calcium carbonate, 5 %  6 . 7  10 14.7 19 
syrup USP 7 .1  10 15 20 
water 6 . 8  12 16.8 21.5 
Alcohol USP 7 .1  13 18 23 


EXPERIMENTAL 


Materials and Equipment-The Liquids used in this study were: 
distilled water; syrup USP; shellac, 2.7 kg. (6 Ib.) cut; 5 ,  15, and 
35% (w/v) aqueous suspensions of calcium carbonate; and a 2% 
(w/v) solution of methyldlulose1,5OOcps. 


The equipment utilized to  evaluate the factors involved in an 
automated tablet-coating system was a self-programming auto- 
mated tablet-coating system with two automatic spray guns’ as 
previously described (4). 


Fluid Delivery Studies-Fluid delivery experiments were con- 
ducted to  ascertain the influence of pressure, spray tip orifice size, 
and type of Liquid on the volume of spray delivered. 
The volume of fluid delivery in milliliters was determined from 


I400  to  2800 p.s.i. nozzle pressure in 140 p.s.i. pressure increments. 
The tip o r i k e  sizes varied from 0.023 cm. (0.009 in.) to 0.053 cm. 
(0.021 in.) in diameter. All experiments were conducted in an air 
conditioned room at approximately 25” and 3040% relative hu- 
midity. 


Threesecond fluid spray delivery cycles were used, and five 
replicate samples of each liquid under study were collected, a t  each 
pressure and nozzle tip size, in a 1Wml. graduated cylinder; the 
resulting volumes were recorded. 


Spray Pattern Charncterlstlg-Spray patterns were determined 
for the liquids studied, each containing 1 (w/v) F D & C  Red No. 2 
dye for contrast. The spray from the activated gun of the automated 
tabletcoating system WBS directed at  a specially designed target 
which consisted of a 61-cm. square pane of glass with five concen- 
tric circles painted 10 cm. apart. The tip of the spray gun was posi- 
tioned 30 cm. from the glass surface and at the center point of the 
target. The spray cycle was set for a 0.25-sec. solution delivery. 
The patterns were subsequently observed a t  IW, IW, and 2800- 
p.s.1. nozzle pressure (the lower, middle, and upper pressure range, 
respectively) for all tip sizes ranging from 0.023 cm. (0.009 in.) to  
0.053 cm. (0.021 in.) in oriftce diameter. After each spray, the pattern 
dimensions were taken and pattern uniformity was noted. 
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RESULTS AND DISCUSSION 


Fluid Delivery-The pressure-volume curves in Fig. I ,  con- 
structed from fluid delivery data obtained with a 0.023-cm. (0.009- 
in.) spray tip and a 3-sec. delivery, show that the change in fluid 
volume delivered as a function of pressure was constant. The curves 
are representative of some of the liquids studied, and each shows 
excellent linearity. The rate of change of delivery (Table I) for the 
liquids represented in Fig. 1 was essentially the same. 


A 3-4-ml. diKerence in total volume delivered at  each pressure 
increment was found between the Four liquids studied. These small 
volume differences d o  not appear to  be significant, but the data show 
a trend toward a decrease in volume delivered with a n  increase in 
fluid viscosity and solids content when comparing syrup and calcium 
carbonate with water and alcohol. A significant difference would be 
expected at  a much lower or a t  atmospheric pressure. The data, 
therefore, indicate that fluid volume delivery is essentially inde- 
pendent of the physical properties of the fluid at very high pressures. 


Fluid delivery curves for the t h r e  calcium carbonate suspensions, 
which varied from a “watery” to an “ointment-like” consistency 
(Fig. 2)*, are in essence identical and confirm that the elevated 
pressures used in the study obliterated the effects of the physical 
properties of the fluids delivered. 


In Fig. 3, the volume of water delivered in 3 sec. wrsus tip orifice 
diameter shows a good linear relationship within the range of 
0.030 cm. (0.012 in.)-O.053 cm. (0.021 in.). This finding is unusual 
because one would expect an orificevolume relationship based on 
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EXPERIMENTAL 


Materials and Equipment-The Liquids used in this study were: 
distilled water; syrup USP; shellac, 2.7 kg. (6 Ib.) cut; 5 ,  15, and 
35% (w/v) aqueous suspensions of calcium carbonate; and a 2% 
(w/v) solution of methyldlulose1,5OOcps. 


The equipment utilized to  evaluate the factors involved in an 
automated tablet-coating system was a self-programming auto- 
mated tablet-coating system with two automatic spray guns’ as 
previously described (4). 


Fluid Delivery Studies-Fluid delivery experiments were con- 
ducted to  ascertain the influence of pressure, spray tip orifice size, 
and type of Liquid on the volume of spray delivered. 
The volume of fluid delivery in milliliters was determined from 


I400  to  2800 p.s.i. nozzle pressure in 140 p.s.i. pressure increments. 
The tip o r i k e  sizes varied from 0.023 cm. (0.009 in.) to 0.053 cm. 
(0.021 in.) in diameter. All experiments were conducted in an air 
conditioned room at approximately 25” and 3040% relative hu- 
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Threesecond fluid spray delivery cycles were used, and five 
replicate samples of each liquid under study were collected, a t  each 
pressure and nozzle tip size, in a 1Wml. graduated cylinder; the 
resulting volumes were recorded. 


Spray Pattern Charncterlstlg-Spray patterns were determined 
for the liquids studied, each containing 1 (w/v) F D & C  Red No. 2 
dye for contrast. The spray from the activated gun of the automated 
tabletcoating system WBS directed at  a specially designed target 
which consisted of a 61-cm. square pane of glass with five concen- 
tric circles painted 10 cm. apart. The tip of the spray gun was posi- 
tioned 30 cm. from the glass surface and at the center point of the 
target. The spray cycle was set for a 0.25-sec. solution delivery. 
The patterns were subsequently observed a t  IW, IW, and 2800- 
p.s.1. nozzle pressure (the lower, middle, and upper pressure range, 
respectively) for all tip sizes ranging from 0.023 cm. (0.009 in.) to  
0.053 cm. (0.021 in.) in oriftce diameter. After each spray, the pattern 
dimensions were taken and pattern uniformity was noted. 
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Figure 6-Spmy patterns with syrup USP. Lejl: 0.023-cm. (0.009- 
in.) tip size and 29 X 8-cm. pattern size. Right: 0.053-cm. (0.021- 
in.) tip size and 32 x 12-cm. pattern size. 


pisure &Spray patterns with shellac, 2.7 kg. (6 Ib.) cut. Left: 
0.023-cm. (0.009-in.) rip size and 24 X 5.5-cm. pattern size. Right: 
0.053-cm. (0.021-in.) tip size and 29 X 12-cm. pattern size. 


the square of the orifice diameter. All fluids studied showed simi- 
lar results. 


Since a pressure-volume relationship was found for the liquids 
studied, it can be postulated that pressure-volume graphs for speci- 
fied spray time cycles and tip orifice sizes can be prepared for all 
coating liquids used in tablet-coating systems utilizing an automatic 
spray system. From these graphs, delivery volume at various pres- 
sures and tip orifice sizes can be estimated. Figure 4 is a theoretical 
example of such a graph constructed for water as the vehicle. For 
a specific delivery volume, a different pressure level at a constant 
tip size or a different tip orifice size at a constant pressure can be 
chosen from these constructed graphs. The vertical broken lines 
on the curves show the points where the tip orifice size and pressure 
parameters overlap so that either combination may be used. 


Spray Pattern Characteristics-In general, the solutions studied 
formed rather individual spray patterns (Figs. 5-8). All patterns 
consisted of an unbroken, uniform film, usually with sharp edges 
and surrounded by a “corona” effect. Each solution possessed an 
individual spray pattern which changed in fan length and width 
with an increase in tip orifice size. Water produced an elongated 
oval when using a 0.023-cm. (0.009-in.) tip orifice size and more of 
a circular oval when using a 0.053-cm. (0.021-in.) tip orifice size 
(Fig. 5) .  The 85% syrup solution (Fig. 6) formed a peculiar long, 
slender, round-edged pattern with two dots equidistant from the 
ends of the long axis which were joined to the main body of the 
pattern by a corona. This pattern slowly changed to a dumbell 
shape as the tip size increased to 0.053 cm. (0.021 in.). Methylcellu- 
lose and shellac solutions as examples of polymeric substances, 
showed distinct rectangular forms with small coronas, which in- 
creased in width from the 0.023-cm. (0.009-in.) to the 0.053-cm. 
(0.021-in.) tip orifice size. The methylcellulose showed a decrease 
in pattern length and the shellac showed an increase in length 
with increased tip orifice size (Figs. 7 and 8, respectively). 


Spray pattern studies serve to illustrate the type, the uniformity, 
and the area of surface coverage that can be achieved on a mass 
of moving tablets with coating solutions. They are especially useful 


Figure I-Spray patterns with methylcelldose. SO0 cps. Left: 0.023- 
cm. (0.009-it?.) tip size and 34 X 3-cm. pattern size. Right: 0.053- 
em. (0.021-in.) tip size and 27.5 X 7.5-cm. pattern size. 


in the development of new tablet-coating formulations and in 
choosing the proper tip orifice size, spray pressure, and spraying 
distance from the moving tablet mass. Spray patterns relate directly 
to the moving surface of the tablet mass, because each pattern is 
illustrative of the pattern that will appear on the surface of the mass 
at any given moment in time. 


SUMMARY 


The operational characteristics of an automatic airless spray 
system were evaluated and the variables affecting the delivery of 
various liquid systems were studied. The major variables studied 
produced data that permitted the development of several relation- 
ships: 


1. A linear relationship between the pressure employed and the 
volume delivered existed for all solutions studied, regardless of the 
nature ofthe solvent. 


2. When compared to water, increases in viscosity or in insoluble 
solids content caused a very small decrease in volume of solution 
delivered. The volume delivered for any suspension was not mate- 
rially changed with an increase in solids concentration at a given 
pressure. 


3. Spray tip orifice size was directly related to delivery volume at 
a constant pressure. Normally, as previously mentioned, the ori- 
fice-volume relationship would be expected to follow a curve based 
on the square of the orifice diameter. 


4. Spray patterns obtained under the experimental conditions 
were potentially useful in estimating area, shape, uniformity, and 
dimensions produced by a coating solution striking a mass of 
tablets. Estimates of this nature are valuable in selecting the proper 
conditions of spraying and other features such as orifice size, spray 
pressure, and spraying distance. 


5 .  Pressure-volume plots were developed as prototypes of related 
plots which should be developed for other coating solutions. These 
data are useful as guides in properly coordinating spray tip, pres- 
sure, volume, and type of solution to produce optimum effects. 
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Ergoline Alkaloidal Constituents of 
Hawaiian Baby Wood Rose, Argyreia neruosa (Burm. f.) Bojer 


JEW-MING CHAO* and ARA H. DER MARDEROSIAN’ 


Abstract 0 Chemical analysis showed that the seeds of Argyreia 
nervosa contain the highest percentage of indole alkaloid constit- 
uents (0.5-0.9$) of the genera of the Convolvulaceae thus far 
studied. A total of 19 indole alkaloids were identified by thin-layer 
and paper chromatographic procedures. Of these, lysergene, festu- 
clavine, setoclavine, isosetoclavine, agroclavine, elymoclavine, 
crgine, and isoergine were isolated by column chromatographic 
procedures and characterized by TLC and IR analyses. Penni- 
clavine, chanoclavine-I, chanoclavine-11, ergometrine, ergome- 
trinine, lysergic acid a-hydroxyethylamide, isolysergol, racemic 
chanoclavine-11, molliclavine, lysergol, and isolysergic acid a- 
hydroxyethylamide were identified by TLC only. Of these, lyser- 
gene, setoclavine, isosetoclavine, chanoclavine-11, racemic chano- 
clavine-11, isolysergol, and molliclavine were identified for the first 
time in species of the Convolvulaceae. Ergine (0.136%) and iso- 
ergine (0.188 $) were found in the highest concentration. In addi- 
tion, 11 unidentified indole alkaloids were detected, these being 
found in very low concentration. Although the pericarp showed the 
same alkaloid pattern as the seeds, the concentration was much 
lower (0.0015%). No alkaloids could be detected in the vegetative 
tissues of nonflowering specimens. 


Keyphrases 0 Alkaloidal constituents, Argyreia nervosa seeds- 
isolation, identification of 19 indole alkaloids 0 Argyreia nervosa 
(Burm. f.) Bojer seeds-isolation, identification of 19 indole alka- 
loids 0 Morning-glory seeds-isolation, identification of 19 indole 
alkaloids Ergoline alkaloids-isolation, identification from 
Argyreia nervosa (morning-glory) 


Argyreia neruosa (Burm. f.) Bojer is a member of the 
Convolvulaceae (morning-glory family) and is char- 
acterized by heart-shaped leaves with dense, white, 
silky hairs beneath. The plant is believed to have its 
origin in India. Historically, its roots have been used by 
the Hindus as an alternative, tonic, antirheumatic and 
in the treatment of diseases of the nervous system (1). 
The leaves have been used as a local stimulant, rube- 
facient, and vesicant. Because the under surface of the 
leaf is covered by a thick layer of silky hairs, it has been 
used as a natural impermeable temporary covering and 
poultice for minor skin abrasions by natives in India. 
However, Dymock (2) reported the leaves to be in- 
effective for this purpose. 


This species is commonly and widely cultivated as a 
garden plant in several tropical countries because of its 
showy flowers. The mature capsules are handsome and 
persistent and are widely used in ornamental dried- 
flower arrangements. To date, no significant pharmaco- 
logical or phytochemical studies on A .  nervosa have 
appeared in the literature. 


Since Aztec times in the uplands of southern Oxaca 
in Mexico, the seeds of Rhea corymhosa (known as 
“Ololiuqui”) and Ipomoea uiolacea (known as “badoh 
negro”) have been used for divinatory and hallucinatory 
purposes during religious ceremonies. The native use 
of these seeds for ceremonial purposes was extensively 
reported by Schultes (3-5) and Wasson (6). Following 
these publications, there occurred a rash of use of 


morning-glory seeds for hallucinatory purposes in the 
United States. 


Among the morning-glories that have become quite 
popular is A. nervosa (Hawaiian Baby Wood Rose); 
it is readily available from the southern parts of Cali- 
fornia and Florida as well as from Hawaii. The avail- 
ability of this plant in the United States has led to its 
use by juveniles who seek hallucinatory experiences 
through ingestion of the seeds. Contributing to its 
popularity among juveniles is the potency of seeds of 
A.  nervosa campared to seeds of ipomoea species. To 
achieve a psychotomimetic response, relatively few 
seeds of A. nervosa are needed as opposed to a few 
hundred of I. violacea. Hylin and Watson (7) reported 
that each gram of seeds contains approximately 3 mg. 
of total alkaloids, of which 0.36 mg. is represented by 
one of the psychoactive constituents, ergine. The results 
from the present study indicate that the seeds contain 
even higher concentrations of ergine and total indole 
alkaloid constituents. 


Prior to 1960, ergoline-type alkaloids were known to 
occur only in certain lower fungi, particularly the genus 
claviceps. Hofmann and Tscherter (8) were the first 
to find and isolate these ergoline alkaloids from higher 
plants. Later, several investigators (9-37) showed a 
wider distribution of the ergoline-type alkaloids in the 
Convolvulaceae (morning-glory family). These currently 
include the genera rivea, ipomoea, argyreia, cuscuta, 
and stictocardia. 


Noteworthy among the genera is argyreia because 
it possesses very high concentrations of a large number 
the ergoline alkaloids and until now it has not been 
subjected to extensive chemical studies. Only two com- 
pounds-uiz., ergine (lysergic acid amide) and isoergine 
(isolysergic acid amide), have been identified in A. 
nervosa, by Hylin and Watson (7) using TLC. Recently 
these two compounds were confirmed by McJunkins 
el ul. (35) and isolated by Miller (37). 


EXPERIMENTAL 


Extraction of Crude Alkaldds and Isolation of Ergine and Iso- 
ergine-The total alkaloid was extracted by using a modification of 
the method of Genest (27). Due to the high concentrations of 
ergine and isoergine, they could be easily separated first without 
involving the chromatographic procedure. The diagrammatic 
isolation procedure is shown in Scheme 1. 


TLC-The following solvent systems were used for TLC: 1, 
silica gel plates, methanol-chloroform (2l:80); 2, silica gel plates, 
diethylamine-chloroform (10:90); 3, silica gel plates, methanol- 
chloroform-concentrated ammonia (2d :80:0.2); 4, silica gel plates, 
ethyl acetate-ethanol-dimethylformamide (86:7 :7); 5, alumina 
plates, ethanol-chloroform (4:%); and 6, alumina plates, chloro- 
form-benzene-glacial acetic acid (45 : 45 : 10). 


For two-dimensional TLC, the method of Agurell(38) was used. 
A sample was spotted in the left-hand corner of the plates, 1.5 Em. 
from each side. The chromatograms were developed first in Solvent 
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Scheme I-Proredtire lor ixokiiioir ot' erxiire wid iswrKiite 


System 1 and, after air drying for 5 min., were run in the second 
direction in Solvent System 2. 


The fluorescent alkaloids were detected using both short- and 
longwave UV light. Ehrlich's spray reagent was used to locate all 
indole alkaloids. Dragendoes reagent was used for general alkaloid 
detection. 
Paper Chromatography-The method reported by Pohm (39) was 


used for paper chromatography. The RA value was calculated by 
using the Rf value of agroclavine as RA 100. The solvent system is 
abbreviated as FBP. 


Fractionation of Crude Alkaloids Using Column Chromatog- 
raphy-In these experiments, a minimum of 1.5 g. of crude alkaloid 
mixture (after ergine and isoergine were isolated) was redissolved 
in 50 ml. of a chloroform-benzene (1 : 1) mixture (containing 2% of 
methanol) and then transferred to a 100 X 2.5cm. glass column. 
The column was previously packed with 90 cm. of a thick slurry 
of an alumina1 and chloroform-benzene (1 :1) mixture. Elution 
was started with 200 ml. of 50% chloroform in benzene and then 
developed by increasing the polarity (increasing the percentage of 
chloroform) in the solvent system. The procedure used was to in- 
crease the chloroform percentage by 5x for every 2x10 ml. of eluent 
collected until the solvent system contained no benzene. Methanol 
was then used to increase the polarity of chloroform by increasing 
its concentration at a rate of 1 for every 200 ml. of solvent col- 
lected until the solvent system reached 16% methanol in chloro- 
form. At this point, pure methanol was used to elute the column. 
Ten-milliliter fractions were collected at a rate of 1 ml./min. until 
580 fractions were obtained. All fractions were analyzed using TLC 
(Solvent System 1) as previously described. 


Quantitative Analysis of Indde Alkaloid-The assay for total 
indole alkaloid was a modification of the procedure of Michelon 
and Kelleher (40). Isoergine was used as  a reference compound. 
For individual alkaloids, an aliquot of crude alkaloid mixture was 
separated on a two-dimensional TLC plate as previously described. 
The individual alkaloids were marked under UV light. Each spot 
was scraped off the plate and then assayed using the same 
procedure as for the total indole alkaloid. 


RESULTS 


Fractionation and Separation of Crude Alkaloids by Column 
Chromatography-The fractions collected after separation by 
column chromatography were pooled according to similarity of 


1 Alma. 


alkaloid patterns as determined by TLC monitoring of the eluent. 
A total of 580 fractions was collected, and 30 alkaloids were isolated 
by this procedure. Nineteen of them were identified by IR or 
various chromatographic systems. 
Thin-Layer and Paper Chromatographic Results ( R I  and RA 


Values) of Isolated J3rgdine-Type Alkaloids-The R, and RA values 
of ergoline-type alkaloids isolated from the seeds of A. nervosa in 
various chromatographic systems are shown in Table I. A dia- 
grammatic map of the two-dimensional TLC system (using Solvent 
System 1 first and Solvent System 2 second) is given in Fig. 1. 
Thirty compounds were found by this two-dimensional TLC 
system. 


The crude alkaloidal extract from the pericarp showed the same 
alkaloidal pattern as the seeds. 


lo I 
R/ t 


0 
n 


A u @  


0 2 4 6 8 R /  10 
2nd + SOLVENT SYSTEM 2 


Figure 1-Twdimensional TLC of crude alkaloid mixture from the 
see& of A. nervosa (Burm. f.) Bojer. Key: I ,  agroclavine; 2, chano- 
choine-I; 3, chanoclaoine-11; 4, racemic chanoclaoine-11; 5,  elymo- 
clavine; 6, fistuclavine; 7. lysergene: 8, lysergol; 9, isolysergol; 10. 
molliclavine ; I I ,  penniclavine ; 12, setoclacine ; 13, isoseroclavine ; 
14, ergine; 15, isoergine; 16, ergometrine; 17, ergometrinine; 18, 
lysergic acid a-hydroxyethylamide; 19, isolysergic acid a-hydroxy- 
ethylamide; and 0, unidentified. 
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Table I-R, and RA Values of Ergoline-Type Alkaloids 
Isolated from Seeds of A. nervosa (Burm. f.) Bojer 
in Various Solvent Systems 


Table 11-Major Alkaloid Content in the Seeds of A. neruosa 
(Burm. f.) Bojer 


values values 


F B P 1  2 3 4 5 6 Percent of Percent of 
Total. Dry Seed 


Solvent Systems Expressed as Expressed as 


Alkaloids Alkaloid Weight 
Alkaloids (RA)  (R, x 100) 


Agroclavine 
Reference compound 
Chanoclavine-I 
Reference compound 
Chanoclavine-11 
Reference compound 
Racemic chanoclavine-I1 
Reference compound 
Elymoclavine 
Reference compound 
Festuclavine 
Reference compound 
Lysergene 
Reference compound 
Lysergol 
Reference compound 
Isol ysergol 
Reference compound 
Molliclavine 
Reference compound 
Penniclavine 
Reference compound 
Setoclavine 
Reference compound 
Isosetoclavine 
Reference compound 
Ergine 
Reference compound 
Isoergine 
Reference compound 
Ergometrine 
Reference compound 
Ergometrinine 
Reference compound 
Lysergic acid 


Reference compound 
Isolysergic acid 


Reference compound 


u-h ydroxyethylamide 


a- hydroxyethylamide 


100 38 63 69 
100 38 62 68 


6 7 3 0 2 0  
6 7 3 0 2 0  
6 8 19 18 


30 19 30 45 
30 19 30 45 
82 32 63 63 
82 32 63 63 


118 54 MI 77 
iiG 54 60 ii 
32 19 27 - 
32 19 27 - 
65 34 53 65 
65 34 53 65 


5 29 19 45 


22 20 23 48 
22 20 23 48 
84 39 55 67 
84 39 55 68 
95 44 58 69 
95 44 58 69 
12 27 15 48 
12 27 15 48 
48 47 45 68 
48 47 45 68 
15 33 16 50 


- - - -  


i S  33 iS  So 
52 39 40 74 
52 39 40 75 
19 38 24 56 


19 38 24 56 
54 41 53 - 


21 
21 
3 
3 
3 


7 


9 
9 


18 
18 
46 
46 


- 
- 


- 
- 
24 
24 
30 


12 
12 
38 
38 
55 
55 
15 
15 
35 
35 
14 
14 
30 
30 
17 


17 


- 


- 


95 34 
95 34 
33 16 
33 16 
41 16 


95 20 


34 9 
35 9 
91 25 
91 25 
91 32 
91 32 


- -  
- -  


- -  - -  
92 14 
93 14 
18 3 


24 15 
24 15 
92 16 
92 16 
15 15 
75 15 
22 18 
22 18 
55 5 
55 5 
20 12 
22 12 
52 5 
52 5 
17 12 


17 12 


- -  


- -  


Agroclavine 1.09 0.006 
Chanoclavine-I 2.65 0.016 
Ely moclavine 3.62 0.022 
Ergine 22.68 0.136 
Isoergine 31.36 0.188 
Ergometrine 8.20 0.049 
Ergometrinine 1.81 0.011 
Lysergic acid 5.79 0.035 


Isolysergic acid 3.98 0.024 


Tailing, minor, and 18.82 0.113 


Total 100.00 0.600 


a-hydroxyethylamide 


a-hy droxyethylamide 


unidentified alkaloids 


The tailing and minor alkaloids were scraped from the TLC plate 
and combined in the assay to give a total percentage of 0.1 13 %. 


The crude alkaloidal extract of the pericarp showed 0.0015% of 
total indole alkaloid constituents. 


DISCUSSION 


In comparison to other members of the Convolvulaceae investi- 
gated so far. A. neruosa apparently contains one of the largest 
concentrations of ergoline derivatives. Various batches of seeds 
have assayed from 0.5 to 0.9% of total indole alkaloid constituents. 
The various components of the total alkaloidal mixture, as isolated 
and characterized by chromatographic and IR spectral data, in- 
clude lysergic acid amide (ergine), isolysergic acid amide (isoergine), 
agroclavine. elymoclavine, lysergene, festuclavine, setoclavine, 
isosetoclavine, and racemic chanoclavine-11 (no nonindole alkaloids 
were detected). Those characterized by chromatographic data alone 
include penniclavine, isolysergol, molliclavine, lysergol, chano- 
clavine-I. chanoclavine-11. ergometrine. ernometrinine. and the , -  - - - - - - - isomeric ’pair of isolysergic a c 2  and lysergic acid a-hyckoxyethyl- 
amides. Limited quantities of the isolated clavine- and lysergic acid- 
type studies On these 
constituents. 


Nineteen identified ergoline alkaloids are present in the seeds of 
A. neroosa. Of these, lysergene, setoclavine, isosetoclavine, chano- 
clavine-11. racemic chanoclavine-11. isolvseraol. and molliclavine 


RA values were calculated by using the Rf value of agroclavine as 
RA 100. Rf values were calculated on the basis of a solvent front of I5 
cm. and multiplied by 100. -: compounds were not available, the values 
were not determined. 


have precluded further 


The FBP solvent system is effective for separating most clavine- 
type alkaloids except chanoclavine-I and chanoclavine-11; how- 
ever, it is ineffective for separating mixtures of both clavine- and 
lysergic acid-type alkaloids. None of the six TLC systems could 
separate the crude alkaloidal mixture from the seeds of A. neruosa. 
To obtain good separation, the two-dimensional TLC system was 
used for this mixture. Chanoclavine-I and chanoclavine-I1 showed 
very poor resolution in most systems but were separated well in 
Solvent System 2. Pennicalvine, lysergol, and elymoclavine were not 
separated by Solvent System 1 but were well separated by Solvent 
System 2. Agroclavine, festucalvine and racemic chanoclavine-I1 
were well separated by most systems except 2 and 5. 


Because of the limited amount of materials isolated, the Rf values 
of lysergol and isolysergic acid a-hydroxyethylamide were not ob- 
tained in Solvent Systems 3-6. 


The RI values represent the average of three chromatograms 
except for isolysergic acid a-hydroxyethylamide and lysergol; only 
one chromatogram was run for these compounds. 


Quantitative Determination of Total and Individual Alkalolds- 
Various batches of seeds from different sources showed a 0 3 4 . 9 %  
range of total indole alkaloid constituents. The results of one 
typical detailed assay (Table 11) indicate the total percent of alkaloid 
to be 0.60, with isoergine (0.189%) and ergine (0.136%) being 
found in the highest concentrations in the seeds. These are followed, 
in order of decreasing indole alkaloid content, by ergometrine, 
lysergic acid a-hydroxyethylamide, isolysergic acid a-hydroxyethyl- 
amide, elymoclavine, ergometrine, chanoclavine-I, and agroclavine. 


- - .  
have been identified for the f is t  time in species of the morning- 
glory family. 


The various unknown minor indole alkaloidal constituents are 
considered to represent bonafide minor clavine- or lysergic acid-type 
alkaloids or decomposition products. The inability in many cases 
to obtain reproducible R, values for these tends to indicate the 
latter, although the former should not be entirely discounted. The 
possibility that certain of the alkaloids isolated or described are 
decomposition products has been minimized by careful experi- 
mental procedures (avoidance of light, rapid TLC separation, 
rapid analysis, etc.) and reproducibility of results. 


The results of the tentative identification of several ergoline alka- 
loids of 13 other argyreia species and two closely related species, 
Sticrocardia tiliiforiP and R. corymbosa, will be given in a separate 
paper dealing with the chemotaxonomic implications of these in- 
dole alkaloids. 
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Clindamycin Dose-Bioavailability Relationships 


CARL M. METZLER', RAY DeHAAN, DIANA SCHELLENBERG, and WILLIAM D. VANDENBOSCH 


Abstract 0 Analyses of dose-related changes in pharmacokinetic 
variables indicating bioavailability and of dosage equivalence were 
performed on data from single-dose studies on three preparations 
of the antibiotic clindamycin [7(S>chloro-7-deoxylincomycin]: 
clindamycin hydrochloride hard-filled capsules, clindamycin pal- 
mitate flavored granules, and clindamycin phosphate sterile solu- 
tion. The variables studied were serum clindamycin bioactivity and 
parameters calculated from a singlecompartment pharmacokinetic 
model. In general, the changes with dose were linear but not pro- 
portional and the pharmacokinetic model fit the data well. There 
were, however, some suggestions of nonlinear kinetics, particularly 
in the clindamycin hydrochloride study. Within the dose ranges 
(150-450 mg. clindamycin hydrochloride, 1%600 mg. clindamy- 
cin palmitate, and 300-600 mg. clindamycin phosphate), the aver- 
age response to a dose could be predicted well. An equivalent dose 


analysis for the three clindamycin preparations offered some insight 
into their absorption and disposition characteristics and the relative 
bioavailability of clindamycin from them. A single equivalent dose 
could not be computed; there were different equivalent doses for 
peak serum concentration, area under the serum concentration- 
time curve, and other variables. 


Keyphrases Clindamycin formulations-absorption, disposition, 
and relative bioavailability of hydrochloride capsules, palmitate 
flavored granules, and phosphate sterile solution Dose-bie 
availability relationships-clindarnycin hydrochloride capsules, 
clindamycin palmitate flavored granules, clindamycin phosphate 
sterile solution 0 Bioavailability-absorption, disposition of 
clindamycin capsules, flavored granules, and sterile solution 
Pharmacokinetics-absorption, disposition, and relative bio- 
availability of three clindamycin formulations 


Two problems frequently confront researchers testing 
new drugs: prediction of response to a particular dosage 
and equivalence of formulations. In the case of anti- 


biotics, it is often assumed that the desired response, 
eradication of pathogens, is closely related to the con- 
centration of drug in the serum and, therefore, that 
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HN-c-NH, 


I 
R R = CHb OCH,, CI, Br 


scheme I 


the nature or the yield of the reaction products is not 
influenced siguificantly by either factor. 


EXPERIMENFAL.' 


The preparation of compounds Usted in Table I is exemplified 
by the following method described for 1-pmethylphenylhydantoin 
(I). 


To a hot solution of 3.0 g. (0.02 mole) of ptolylurea in 50 ml. of 
50% ethanol was added I .56 g. (0.02 mole) of 80% glyoxal, followed 


* Melting points were determined on a Thomas-Hoover a paratus and 
are uncorrected. The NMR s ectra were determined on a !erkin-Elmer 
R-12. Sodium 2,2-d~ethyl-~oilapentanc5-Pulfonate was bsed a$ a re- 
ference; trfiuoroacetr acid was used as a solvent except for Com- 
pound XI for which dimethyl sulfoxide was used. The LR spectra were 
determined in KBr disk with a Beckman IR-8 instrument. 


CO M M U N I C A  TIONS 


by 10 ml. of a 10% solution of hydrochloric acid in ethanol. The 
solution was heated under reAux for 6-10 hr. A solid that formed 
was separated from the hot reaction medium to give 1.05 g. of first 
crop, whose NMR spectrum indicated that it was a mixture of I 
containing less than 5 Z 1,4-di-ptolyltetrahydroimi~z~ [4,5-4imid- 
azole2,5--dione. Crystallization of this crop from methanol 
gave 0.9 g. of pure I. The filtrate from the reaction mixture was 
allowed to remain at room temperature for about 2 hr., at which 
time an additional 0.4 g. of solid was separated. This crop was 
identified to be I. A third crop, 0.5 g., obtained after complete 
evaporation of filtrate, contained about 10% of the >substituted 
isomer of I. Crystallization of this crop from methanol gave 0.3 g. 
of pure I. The combined yield of I was 1.6 g. (43Z), m.p. 212-214'. 
Microanalysis is recorded in Table I. 
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Effect of Chain Length in Homologous 
Series of Anionic Surfactants on 
Irritant Action and Toxicity 


Key- Chain length &ect-irritant action and toxicity of 
homologous series of anionic surfactants 0 SurfBctants, anionic- 
effect of chain length in homologous series on irritant action and 
toxicity 0 Toxicity, anionic surfactants-4Tect of chain length in 
homologous series 0 Irritant action, anionic surfactants+ATect of 
chain length in homologous series 0 Skin-effect of chain length 
of anionic surfactants on swelling and irritant action 


Sir: 


Among the investigations into the irritant action and 
toxicity of homologous series of anionic surfactants 
containing a single normal alkyl chain are the following. 
Choman investigated the swelling of human skin in solu- 
tions of sodium alkyl sulfates (1) and the swelling of der- 
mal collagen of calf in sodium soaps (2). Edwards (3) 
studied the effect of sodium soaps on the lysis of red 
blood cells and on segments of earthworms, while Emery 


and Edwards (4) studied their irritant action on human 
skin. Gale and Scott ( 5 )  investigated the intraperitoneal 
and oral toxicity of sodium alkyl sulfates as well as their 
effects on various types of muscles. In these and other 
investigations, the greatest effects among the sodium 
alkyl sulfates ranging from octyl to octadecyl were 
shown by the dodecyl sulfate. In the series of soaps 
ranging from sodium octanoate to stearate, sodium 
laurate displayed the highest activity. Representative 
curves are shown in Figs. 1 and 2. Figure 1 refers to the 
net swelling, i.e., swelling in the surfactant solutions 
minus swelling in pure water, measured as increase in 
thickness. The surfactant solutions were at or slightly 
above the CMC. 


The purpose of this communication is to present a 
hypothesis to explain the maximum effectiveness ob- 
served for intermediate members of the homologous 
series. Maxima or minima in the relationship between 
two variables often arise from the effect of two opposing 
factors on these variables, one of which tends to en- 
hance the relationship while the other tends to diminish it. 
In the present case, one of the two factors affecting the 
relationship between the length of the alkyl chain of 
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Figure &Net swelling of cdf skin collagen in sodium soap sdutions 
and of human skin in sodium d k y l  sulfate solutions as a function of the 
number, m, of carbon atoms per surfactant molecule. Key: 0, humati 
skin in sodium alkyl sulfate solutions (from data of Reference 1); and 
@, calf skin collagen in sodium soap solutions (from data of Reference 
2). 


anionic surfactants and their interaction with proteins 
is the oil-water partition coefficient P. The other factor 
is the upper limit of the concentration of nonassociated 
surfactant molecules attainable in the aqueous phase, 
given by the surfactant solubility below the Krafft point 
and by the CMC above it. 


Oil- Water Partition Coeficfents-Partition coeffi- 
cients of ionic surfactants between octanol and water 
increase monotonically within a given homologous ser- 
ies. Augmenting the chain length by an ethylene group 
increased log P by about 0.8 (6). According to: 


AG 9 - R T l n P  (Es. 1) 


the free energy of transfer of an ethylene group from 
water to octanol at room temperature is -1090 cal./ 
mole. This estimate assumes that the ionic surfactants 
are equally ionized in water and in octanol. Despite the 
fact that the water concentration in octanol saturated 
with water is 2.3 M (more than 25 mole-%) (6), 
which should lead to considerable ionization of the 
surfactant molecules in the oil phase, the true P values 
are probably lower than the apparent partition coeffi- 


cients obtained from analytical data. ‘Nevertheless, the 
AG value is in reasonable agreement with the value of 
-1280 cal./mole corresponding to the transfer of an 
ethylene group from water to the hydrocarbon interior 
of a micelle (7). Part of the difference is probably due to 
the fact that the transition from water to octanol satu- 
rated with water is less abrupt than that from water to a 
liquid paraffinic hydrocarbon. Similarly, it is seen from 
Table I that the CMC decreases approximately by a 
factor of 4 in a homologous series for each increase in 
the chain length by an ethylene group; log 4 = 0.6 is 
reasonably close to the corresponding increase of 0.8 in 


According to the hypothesis of this communication, 
the increase in the oil-water partition coefficient with 
increasing chain length n is responsible for the ascending 
branches of the curves in Figs. I and 2. In the physio- 
logical situations, the oil phase in contact with the 
aqueous surfactant solutions consists of collagen, skin, 
muscle tissue, erythrocyte membrane, etc. 


Limiting Monomer Actiuity-In all likelihood, only 
monomeric or nonmicellar surfactant molecules enter 
the “oil” (collagen, skin, or muscle tissue) phase or 
interact with erythrocyte membranes. The upper limit 


log P. 


2.0 I I I I I I I 
8 10 12 14 16 18 


m 


Figure 2-Reciprocal of intraperitoneal LDso values of sodium alkyl 
sulfates for mice versus the number, m, of carbon atomsper surfactant 
molecule (from data of Reference 5). 
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TpMe I-Values of KralTt Point and CMC for sodium Soaps and 
Sodium Alkyl Sulfates in Water 


K r a t  Pointb 
CMC, 


molesfl. X 108 


10 
12 
14 
16 
18 


C,,Hl,IOSO:Na 
8" 


20" 
33" 
46" 
58 " 


33.1 (25") 
8.1 (25") 
2.2 (40") 
0 .5  (m0j 


CJ-LICOONa 
- 340 (25") 
- 94 (25") 


11 36" 24.4 (25") 
7 .1  (so") 13 53 " 


15 62 " 
17 71 " 


7 
9 


- 
- 


Number of carbon atoms in the normal alkyl chain. b From Refer  
ence 8. c From Reference 9. 


for the concentration of nonassociated surfactant mole- 
cules is the solubility limit at temperatures below the 
Krafft point and the CMC above it. The solubility at 
the Krafft point is equal to the CMC (7). The monomer 
activity of aqueous surfactant solutions increases only 
slightly after the overall concentration has been raised 
above the CMC because the bulk of the surfactant 
added in excess of the CMC forms micelles. CMC values 
and Krafft points for two homologous series of anionic 
surfactants are assembled in Table I. 


As the alkyl chain length increases on ascending a 
homologous series, there is a monotonic decrease in the 
maximum concentration of single or nonmicellar sur- 
factant species owing to a decrease in solubility or in the 
CMC. This effect is responsible for the downturn in the 
curves of Figs. 1 and 2. This reasoning is only valid if, at 
temperatures above the Krafft point, the surfactant 
concentrations in the aqueous phase are equal to or 
exceed the CMC values. 


Conclusion-With the oil-water partition coefficient 
increasing and the limiting monomer concentration 
decreasing on ascending a homologous series, a maxi- 
mum surfactant concentration in the "oil" (collagen, 
skin, muscle tissue, or erythrocyte membrane) phase is 
found at an intermediate chain length. As a result, a sur- 
factant of intermediate chain length has the greatest 
irritant, toxic, or hemolytic effectiveness. 


It is to be expected that the chain length for maximum 
effectiveness within each homologous series depends on 
the hydrophilicity of the polar headgroup, being greater 
for the more hydrophilic groups. The -O-S03- Na+ 
group is more hydrophilic than the -COO- Na+ group. 
The most active alkyl sulfate was found to be the do- 
decyl ester (m = n = 12), whereas sodium laurate (m = 
12 but n = 11) was the most active soap. Unfortunately, 
only surfactants with even numbers m of carbon atoms 
were investigated in the two homologous series, making 
the most effective member among the alkyl sulfates the 
one with n = 12 f 1 and among the soaps the one with 
n = 11 f 1; n is the number of carbon atoms in the 
alkyl chain. 


Since the increase in P and the decrease in the CMC as 
a function of n are of comparable magnitude, the as- 
cending and descending branches of curves like the 


ones of Figs. 1 and 2 should have slopes of comparable 
absolute values though of opposite signs, as long as the 
experimental temperatures exceed the Krafft points. 
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Enhancement of Intestinal Absorption of a 
Quaternary Ammonium Compound by . 


Salicylate and Trichloroacetate 


Keyphrases 0 Quaternary ammonium compounds+nhancernent 
of intestinal absorption by salicylate and trichloroacetate 0 Am- 
monium compounds, quaternary-enhancernent of intestinal at+ 
sorption by salicylate and trichloroacetate 0 Absorption, intestinal 
--effect of salicylate and trichloroacetate on N,N-bis(pheny1- 
carbamoylme.thyl)dimethylammonium chloride absorption 0 Sa- 
licylate effect-intestinal absorption of a quaternary ammonium 
compound 0 Trichloroacetate effect-intestinal absorption of R 
quaternary ammonium compound 


Sir : 
The possibility of increasing the GI absorption of 


poorly permeable, charged drug molecules by forma- 
tion of lipoid-soluble ion-pairs with various counter- 
ions has received a good deal of attention (1-7). The 
present report concerns the influence of certain anions 
on the intestinal absorption of N,N-bis(pheny1car- 
bamoylmethyl)dimethylammonium chloride (I), a qua- 
ternary ammonium compound with antiarrythmic 
activity'. 


The purity of the drug2, tritium-labeled on an N- 
methyl group (specific activity 14.5 pc./mg.) as well as 


1 Personal communication, Astra Pharmaceutical Products, Inc., 
* Provided by Astra Pharmaceutical Products, Inc. 


Worcester. Mass. 
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I 
placed on the agar after drying up the ethanol. After a n  incubation 
period of 36 hr., the zones of inhibition around the disks were 
measured. The organisms included in this study were: Esclierichia 
coli, Salniotic.lla typlrosa, Aerohucrrr aerogenes, and Staphylococcus 
uurws. 


DISCUSSION 
Eight compounds. obtained by varying the substituents at  the 3- 


and 5-positions of benzothiazoline-2-thione, were evaluated for 
their inhibitory effects on four organisms. The results of this study 
are recorded in Table I .  The substituents at  position 3 were: 3- 
methylpiperidinomethyl, 4-methylpiperidinomethyl, 4-phenylpiper- 
idinomethyl, 4-phenylpropylpiperidinomctliyl, 2,6-dimethylmor- 
pholinomcthyl, hexamethyleneiminomethyi. anilinomethyl, 4- 
fluoroanilinomethyl, acetoxymethyl, 3,4,5-trimethoxybenzoxy- 
methyl, and hydroxymethyl groups. Position 5 was occupied by a 
chlorine atom in certain compounds, and others were without any 
substituents. Compounds 3 and 13 were devoid of any inhibition. 
Activity was considerably reduced when the heterocyclicamino 
function was replaced by the arylamino, acetoxy, or 3,4,5-trinie- 
thoxybenzoxy groups. Five compounds (2, 8, 10, 17, and 18) were 
active against all four organisms. 
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Viscosity Change in Salicylic Acid-Cetrimide 
System by Surfactants 


LUCY S .  C. WAN 


Abstract The series of cationic and nonionic surfactants studied 
were found to decrease the viscosity of the salicylic acid-cetrimide 
system. This viscosity deuease varied with the surfactant conceii- 
tration and with the volume of additive solution. With cationic 
surfactants. the fall in viscosity could be attributed to a dilution of 
the system, with the same type of surfactant resulting in a decrease 
oT saturation; with nonionic surfactants, the fall in viscosity could 
be attributed to a penetration of the additive into the mesh struc- 
ture of the macromolecules. bringing about a separation of the 
macromolecules from each other. 


Keyphrases u Viscosity- etfect of surfactants on salicylic acid- 
cetrimide system C Surfactants, cationic and nonionic- erect on 
viscosity of salicylic acid-cetrimide system 0 Salicylic acid cetri- 
mide system-effect of surfactants on viscosity 0 Cetrimide- 
salicylic acid systeni- erect of surfactants on viscosity 


As stated in an earlier paper (l), the anionic surfac- 
tants studied caused an increase in viscosity followed by 
a decrease in similar salicylic acid-cetrimide systems. It 
was considered logical as a follow-up to itivestigatc the 
other two common types of surfactants as additives to  
these systcms. Hence. some cationic and nonionic sur- 
factants were selected on thc basis that they could be 
used in  pharmaceutical practice. Studies of this nature 


have not apparently been undertaken, although some 
related work has been carried out on the interaction of 
pharmaceutical compounds such as starch, amylopec- 
tin, and chondroitin with quaternary animonium com- 
pounds (2- 4). 


EX PER1 M E  NT A I 


Materials- The cationic surfactants used were dodecyltri- 
methylammonium bromide', alkyl aryl trimethylammonium chlo- 
ride', and cetrimide BP2; the nonionic surfactants were polysorbate 
203, polysorbate 40.', polysorbate 603, polysorbate 803, polysorbate 
8S3, and polyoxyethylene ether of cetyl alcohol4. The recrystallized 
salicylic acid, m.p. 158-159", was the same as that stated in a 
previous paper (5). 


Measurement of Viscosity at 25' -A system containing I .4 2 
salicylic acid and 5 %  cetrimide in water was prepared, and its 
viscosity in the presence of  an added solution of surfactants was 


1 Marketed a s  Morphan 11 and Gloquat C ,  respectively, by Glovers 
Chemicals Ltd., Leeds 12, England. The active ingretlicnt content  of 
Cloquat C is SOY!, wiw. 


Glovers Chemicals Lttl., Leeds 12, England. 
Marketed as Twcen 20, 40, 60, 80, and  85, respectively. by Honey- 


will-Atlas Ltd., London, England. 
'Marketed a s  Texofor A24 by Glovers Chemicals Lttl., Leeds 12. 


England. 
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0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
POLYSORBATE 20 SOLUTION, ml. 


Figure 1-Effect of carious concentrations of polysorbate 20 on the 
ciscosity of the salicylic acid-cetrimide systeni. Key (perceiit 
polysorbate 20 concentration ): 0, I ;  +, 2; A ,  4; 0 , 6 ;  and 0 ,  10. 
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0 0.2 0.4 0.6 0.8 1.0 1.2 1 . 4  1.6 1.8 2.0 
POLYOXYETHYLENE ETHER OF CETYL ALCOHOL SOLUTION, ml. 


Figure %-Effect of various concentruticns of polyoxyetliyliwe ether 
of ceryl alcohol OII the ciscosity of the salicylic acid-cerrimide system. 
Key (percent polyoxyetliylene ether oJ cetyl rrlcohol coiicetitrutiou): 
0, I ;  +, 2; A, 4 ;  0 , 6 ;  and @,lo .  


measuredl at  a shear rate of 78.56 set.-' in the same manner as 
described before (5). The additive solution was delivered from a 
graduated pipet to a sample of 50 g. (about 51 ml.) of the salicylic 
acid-cetrimide system and dispersed in the sample without removing 
the viscometer cylinders (6). 


RESULTS AND DISCUSSION 


Figures 1 and 2 show that the viscosity of the salicylic acid- 
cetrimide system decreased in the presence of solutions of some 
nonionic surfactants. The viscosity became lower when a higher 
concentration and a larger volume of the additive solution were 
added. This was also true with the other surfactants, polysorbate 40, 
polysorbate 60, polysorbate 80, and polysorbate 85. However, the 
amount of viscosity lowering due to the addition of a solution of 
greater additive concentration was slightly less than that produced 
by a larger volume of more dilute concentration such that both 
volumes contained an  equivalent quantity of additive. This may be 
attributed to the effect of the increase in volume of the total system. 
Evidence in support of this can be seen in the small decrease in 
viscosity resulting from the addition of water to such a system (6). 


It is believed that the interaction of cetrimide and salicylic acid 
leads to the formation of macromolecules which are responsible for 
the high viscosity achieved in the system. Molecules are considered to 


~ ’ , U - L  


0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 
DODECYLTRIMETHYLAMMONIUM BROMIDE SOLUTION, ml. 


Figure 3-Effect of dodec~~ltrimetlrylclmmoniirm bromide of wrying 
concentration oii the viscosity of the sulicylic acid-cetrimidr. system. 
Key (percent dodecyltrimetliylammolriurn bromide coiicetrtriirion): 
0 , I ;  + , 2 ; A , 4 ; 2 , 6 ; a r i d O ,  10. 


6 Using a portable Ferranti visconieter, model VL, Ferranti Ltd., 
Moston, Manchester 10, England. 


Table I-Viscosity of Salicylic Acid-Cetrimide Systems 
Containing 5 
Acid at  25‘ (Shear Rate is 78.56 sec.-l) 


Cetrimide and Varying Amounts of Salicylic 


Salicylic Acid 
Concentration, Viscosity, poises 


1 . 2  
1.3 
1 . 4  
i . 5  
1 . 6  
1 . 8  
1 .9  


0.71 
1.82 
3.41 
4.59 
6.26 
7.52 
7.92 


move more or less individually as in an ordinary liquid. Macro- 
molecules, however, may be dispersed in the medium in the form of a 
network. The greater the degree of proximity of the macromolecules, 
the higher is the viscosity. The surfactant additives incorporated 
in this system are likely to penetrate the mesh structure. Since the 
high viscosity of the system is essentially due to the presence of the 
macromolecules produced by the interaction of the acid with cetri- 
mide molecules and to the compactness of the network, the inter- 
macromolecular penetration by the nonionic surfactant additives 
causes the macromolecules to move further apart from neighboring 
macromolecules, thereby reducing the viscosity. It was found 
previously (5) that cetomacrogol 1000 did not interact with salicylic 
acid in the absence of cetrimide. 


The effect produced by the inclusion of cationic surfactants as 
additives to the system (Figs. 3 and 4) was the same as that produced 
by the nonionic surfactants. The viscosity reduction is probably 
due to  the fact that the system has become diluted with the same 
type of surfactant. In addition, since the acid content remains the 
same, there is a decrease in saturation. This would lower the vis- 
cosity; it was found that when the amount of salicylic acid present 
was less and th, system was not saturated to the same degree, there 
was a fall in vis.. . sity (Table I).  The penetration of the added cationic 
additive into the mesh structure exerts negligible effect because of the 
immediate dilution effect by a surfactant of a similar charge. 


When salicylic acid was added to sodium lauryl sulfate solutions, 
no change in viscosity was observed. Even after adding graded 
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0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 
ALKYL ARYL TRIMETHYLAMMONIUM CHLORIDE SOLUTION, ml. 


Figure 4- -Effect oj’alkyl uryl trinirtliylammotiiirm cliloride of ruryitig 
coiicentrution on f l i p  cisrosity of’ the sulic ylic ucirl-cetrimide system. 
Key (percent ulkyl uryl trim~~~liylrimmo~iiirni chloride mncentrutioti): 
0, I ;  +, 2; A ,  4 ;  U, 6;uiid0, 10. 


I 
30 40 50 60 70 80 90 100 


CETRlMlDE SOLUTION (10%). rnl. 


Figure 5 - Visrosity of sulicylic ricicl sodiiim lurrrj~l sulfrrte hys/<’m on 
udclition of N loo/, cetriniidr JoIu[ioti. 
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0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
POLYOXYETHYLENE ETHER OFCETYL ALCOHOL SOLUTION (10%). ml. 


Figure 6- Viscosities of systems cvntaitiitig .fixed salicylic acid coti- 
cetrtratioti (1 .4%) utrd mryitrg cetrimide concentrution oti additiorr of 
a solutiotr of polyoxyethyletie ether of cetyl alcohol. Key (percent ce- 
trimide cotrcetitrutiofi): X, 3; 0 , 4 ;  undo,  5. 


volumes of a 10% cetrimide solution to an aqueous system con- 
taining 4% sodium lauryl sulfate and 2% salicylic acid, there was 
still no change. Eventually, when a much larger amount was in- 
corporated, the viscosity decreased slightly and then increased 
markedly, rising to a maximum after which it decreased again (Fig. 
5). The viscosity values could not be determined accurately in the 
presence of less than 35 ml. of a 10% cetrimide solution that was 
added to thesystem, because the precipitate formed by the neutraliza- 
tion of sodium lauryl sulfate with cetrimide interfered with the 
rotation of the viscometer cylinders. 


The results can be explained in terms of neutralization occurring 
in the system during the continuous addition of the cetrimide 
solution as the additive. The initial incorporation of the cetrimide 
solution brings about the precipitation of a complex between the 
anionic and cationic surface-active ions. When an adequate amount 
of cetrimide solution is present (i.e., about 35 rnl.), most of the 
sodium lauryl sulfate ions are attracted to the positively charged 
molecules of the additive. It was observed that at  about this stage 
the precipitate became more uniformly dispersed and the viscosity 
values could be measured. Subsequent additions of cetrimide solu- 
tions allow the cationic surfactant to interact with the salicylic acid 
and thus produce a rise in viscosity. This viscosity increase con- 
tinues until most of the acid molecules interact with the cetrimide 
molecules and then the viscosity begins to  fall. Then the effect is 
similar to that obtained by the addition of a cationic surfactant 
solution directly to the salicylic acid-cetrimide systems (Figs. 3 
and 4). 


When the concentration of salicylic acid was fixed (1.4%) and 
the concentration of cetrimide was varied, the viscosity was reduced 
by solutions (10%) of polyoxyethylene ether of cetyl alcohol (Fig. 
6).  This also occurred with the other nonionic surfactants investi- 
gated. Figure 7 shows that similar results were obtained with sys- 
tems in which the acid content was different and the cetrimide con- 
tent was kept constant (5%). This was true when the cetrimide solu- 
tion was employed as the additive. The system containing 3 %  
cetrimide and 1.4z salicylic acid is above saturation because ex- 
cess acid is found after the system is allowed to equilibrate in a 
thermostatically controlled water bath for 24 hr. (1). In such a sys- 
tem, there will be a minimal amount of free cetrimide molecules; in 
the other two systems containing 4 and 5 %  cetrimide, a rela- 
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0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
POLYOXYETHYLENE ETHER OFCETYL ALCOHOL SOLUTION (lo%), ml. 


Figure 7-Viscosities of systems cotitaitiitig fixed cetrimids corr- 
eetrtmtiotr (5 %) atirl caryitig sulicylic acid cotrcetitrutioti oti udditioti 
of CI solutiotr of polyoxyethyletrc t flier of cetyl alcohol. Key (percetrt 
sulicylic acidconcentration): X, 1.9; 0, 1.6; ultdo, 1.4. 


tively larger number of free cetrimide molecules will be present (Fig. 
6).  It appears, therefore, that irrespective of whether free cetri- 
mide molecules were present or absent, the added solution of 
polyoxyethylene ether of cetyl alcohol did not increase the viscosity 
but decreased it. This finding is in contrast t o  that obtained with the 
anionic surfactants as additives (1). There is n o  neutralization taking 
place in these systems since the added surfactant is compatible with 
cetrimide. 


These findings, together with those described previously (l) ,  
demonstrate the effects of different types of surfactant additives 
and provide knowledge that is useful when attempting to  combine 
surfactants of the quaternary ammonium type in the formulation 
of products involving salicylic acid. This is particularly so in those 
preparations where the viscous property influences the physical 
stability of the presentation form of the preparation. 
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NOTES 


Synthesis of N-Pentafluorobenzoyl-S-( - )-prolyl 1-Imidazolide, 
A New Electron-Capture Sensitive Reagent for 
Determination of Enantiomeric Composition 


SHAIKH B. MATIN, MALCOLM ROWLAND, and NEAL CASTAGNOLI, Jr.A 


Absbad 0 The synthesis of N-pentafluorobenzoyl-S-(-)- 
prolyl 1-imidazolide, a new electron-capture sensitive derivatizing 
reagent, is described. Its potential usefulness in the detection and 
quantitative estimation of the enantiomeric composition of aminea 
at nanogram levels is discussed. 
Keyplmueu 0 N-PentafluorobenzoyllS( -)-prolyl l-imidazolide- 
synthesized as electroncapture sensitive reagent for the GLC de- 
termination of enantiomeric composition 0 Enantiomers, amines- 
determination of nanogram levels using N-pentafluorobenzoyl-S 
(-)-prolyl 1-imidazolide as an electron-capture sensitive derivatiz- 
ing reagent 0 Electroncapture detection, nanogram levels of 
enantiomic amines-use of N-pentafluorobenzoyl-S-(-)-prolyl 
1-imidazolide as a derivatizing reagent 


It is well established that derivatization of enantio- 
mers with a chiral reagent yields diastereomers which 
often can be easily resolved and quantitatively estimated 
by gas-liquid partition chromatography (1-6). Utilizing 
this principle, Halpern and Westley (7) introduced the 
use of N-trifluoroacetyl-S-( -)-prolyl chloride to analyze 
the enantiomeric composition of amino acids. Gordis 
(8), Gunne (9), and later Wells (10) extended the use of 
this reagent to the determination of the enantiomeric 
composition of microgram quantities of amphetamine. 


A second type of derivatizing reagent for primary and 
secondary amines utilizes moieties that are electron- 
capture sensitive. Such a process may enhance the gas- 
liquid partition chromatographic detectability of these 
amines several thousandfold (1 1). The pentafluoro- 
benzamides of primary and secondary amines afford 
excellent electron-capture sensitivity (1 l), in contrast 
to the corresponding trifluoroacetamides which give 
almost no electron-capture response (1 2). For example, 
the N-pentalluorobenzoyl derivative of amphetamine 
can be detected at 1/6000th the level of the corre- 
sponding trifluoroacetamide. In an attempt to combine 
the electron-capture sensitive properties of the penta- 
fluorobenzoyl moiety with the enantiomeric resolving 


- - Qc;Nq 
I \-N 
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I 
~ ~ ~ 6 ~ 6  
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H 
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property of the prolyl moiety, N-pentafluorobenzoyl-S- 
(-)-prolyl I-imidazolide (I) was synthesized by the 
following route. S-(->Proline (11) was converted to its 
N-pentafluorobenzoyl derivative (111) under Schotten- 
Baumann conditions. The resulting amido acid was 
treated with N,N'-carbonyldiimidazole to yield the 
desired 1-imidazolide (I), a high melting, crystalline 
solid which proved to be stable when stored under an- 
hydrous conditions (Scheme I). 


EXPERIMENTAL 


N-Pentafluorobenzoyls-(-)-proline -To a stirred suspen- 
sion of S-(-)-proline (1.0 g., 8.7 mmoles) in 10 ml. water, main- 
tained at 0" by an ice bath, was added dropwise a 10-ml. solution 
of icecold 0.2 N NaOH. When dissolution of the amino acid was 
complete, pentafluorobenzoyl chloride (2.0 g., 8.7 mmoles) was 
added slowly followed by the periodic addition of 0.2 N NaOH 
over a 2-3-hr. duration to maintain the pH of the reaction mixture 
at 8.0. After 30 min. of additional stirring in the cold, the reaction 
mixture was acidified with 0.2 N HCI and the resulting mixture was 
extracted with ether. After drying (sodium sulfate), the ether was 
removed in uacuo to yield 2.1 g. (6.8 mmoles, 7 3 z )  of a hygroscopic, 
white solid, m.p. 80-81 "; [U]D -91' (c 0.22x, GHsOH). 


And-Calc. for Cl*HsF6NOs: C, 46.60; H, 2.58; N, 4.53. Found: 
C,46.39; H, 2.52; N,4.68. 
N-Pentafluorobenzoyl-S-( -)-prolyl 1-Imidazolide (1)-A solution 


of N,N'-carbonyldiimidazole (1.47 g., 9.07 mmoles) in 20 ml. an- 
hydrous tetrahydrofuran was added over a 1Srnin. period with 
stirring to an ice-cold solution of Compound 111 (2.94 g., 9.51 
mmoles) in 50 ml. anhydrous tetrahydrofuran. Stirring was con- 
tinued for an additional 30 min., after which the white crystalline 
solid that had separated during the reaction was collected to yield 
2.2. g. (6.13 mmoles, 64.4%) of the analytically pure imidazolide, 


Found: C, 50.20; H,2.90; N, 11.63. 
( -)-N1 -Pentafluorobenzoyl - N * - S  -p  - pbenylbopropy1-S-prolyl- 


amide (IVb)-A solution ofS-(+)-~-phenylisopropylamine(l87 mg., 
1.39 rnmoles) in 10 ml. dry benzene was added to a suspension of 
Compound 1 (500 mg., 1.39 mmoles) in 2 ml. dry tetrahydrofuran. 
One hour later, the reaction mixture was shaken with 2 ml. water. 
The benzene layer was separated, dried (sodium sulfate), and con- 
centrated in UWUO. The resulting solid was crystallized from 50% 
aqueous methanol to yield 500 mg. (1.17 mmoles, 84.7x) of amide 


Anal.-Calc. for GIHIPFsN&: C, 59.1 1; H, 4.49; N.6.57. Found: 
C, 59.29; H, 4.62; N, 6.39. 


Apparatus-The GLC work was performed on a chromatograph' 
equippedwith a6*Ni detector. A2.12-m.(6-ft.) X 0.31-cm. (0.125-in.) 
diameter glass column, packed with 3 OV-17 coated onto Chromo- 


m.p. 175-178"; [U]D -34" (CO.IOx, CHSCO~CXHC). 
A n ~ l . 4 1 ~ .  for CI~@&C)):  C, 50.14; H, 2.80; N, 11.69. 


IVb, m.p. 70-74"; [ a ] ~  -84" (Co.2%, CaHbOH). 


III I 
Scheme I 1 Varian 1200. 
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ToMe !-Gas-Liquid Partition Chromatography0 Retention Times of N-PentafluorobenzoylS-prolyl Derivatives of Various Amines 


h m p o u n d  
Number structureb 


-Retention Time, min.- 
-Derived fro- 


Levorotatory Dextrqrotatory Column Resolution 
Amine a Anune b Temperature Factor0 


IV 


V 


V I  
I 


VII 


CH, 


VIII 


IX 


X @,,_,-It 


C H S  


11.25 12.00 250" 0.6 


12.48 


16.50 


13.00 


11.8 


14.40 


17.75 


15.00 


13.2 


250" 


270 O 


270 " 


270 " 


1.1 


1 .o 


1.2 


1.2 


11.4 12.7 270" 1.1 


10.5 9.0 245" 1.2 


See Reference 14. Note that when 
I I  


Nitrogen flow, 7.5 rnl./rnin.; injection temperature, 270'; and detector temperature. 300". 'It-- 
the resolution factor = 1, the peak resolution is approxunately 98 % complete. 


o c  
O"C$, 


sorb W AWDMCS HP, 100-120 mesh, was used. The column was 
conditioned for 48 hr. at 280", the first 24 hr. without nitrogen 
flow. 


Procedure for CLC Analyses-The amine (0.01-0.02 mmole) 
in anhydrous benzene (1 ml.) was treated with an equimolar amount 
of Compound I dissolved in 1 ml. anhydrous benzene for 30 min. 
at room temperature. The reaction mixture then was shaken with 1 
ml. water for 30 min. and centrifuged at  #)o r.p.m. for 1 min. The 
benzene solution (1-5 pl.) was then injected onto the column. 
Measurement of Electron-Capture Resporrse-Amide IVb, or 


the diastereomeric mixture obtained with racemic amphetamine 
and Compound I, was injected onto the column in an amount giving 
a response that did not exceed 30z of the standard potential (11). 
The area under the peak was calculated as the product of peak 
height and width at half the peak height. By knowing the current 
for full-scale deflection at the sensitivity setting of the amplifier 
and the chart speed used, the area measurements were converted 
to coulombs. Response was then expressed as coulombs per mole 
injected. 


RESULTS AND DISCUSSION 


It was previously shown (11, 13) that the enhanced electron- 
capture sensitivity of the pentafluorobenzoylamides of primary and 
secondary amines over the corresponding trifluoroacetyl derivatives 


is a consequence of the greater resonance stabilization of the cap- 
tured electron by the pentafluorobenmyl moiety. Consequently, 
it was anticipated that pentafluorobenzoylprolyl derivatives would 
display electroncapture sensitivity. Quantitative estimations of the 
amide IVb, derived from S-(+)-amphetamine and Compound I, 
established the electroncapture sensitivity to be 2.4 X 10' cou- 
lombs/mole, comparable to the reported sensitivity of related deriv- 
atired secondary amines (1 1). The diastereomeric mixture consist- 
ing of amides 1Va and IVb, obtained with racemic 0-phenylisopro- 
pylamine and Compound I, gave two well-resolved peaks (Table I) 
of equal intensity on gas-liquid partition chromatographic analysis. 
When utilizing this derivatizing agent, as little as 1 ng. of these 
diastereomeric amides can be simultaneously detected. Thus, a 
sensitive method to estimate enantiomeric composition as well as 
the potential for quantitative estimation of these amines from bio- 
logical fluids is established. 


To investigate further the potential value of this reagent, the 
amines listed in Table I that were available either fully or partially 
resolved were converted to their corresponding N-pentafluoro- 
benzoylprolyl derivatives and ana lmd by gas-liquid partition 
chromatography. In the case of the six 6-phenylisopropylamines 
(IV-IX,R = H),it was observed that the retention tirnesof thelevoro- 
tatory compounds were consistently shorter than the retention 
times of the corresponding dextrorotatory compounds. The abso- 
lute configurations of amphetamine (IV) (15). 1-(3,4-dimethoxy- 
phenylh2-aminopropane (V) (16), 1-(3,4,5trirnethoxyphenyl>2- 


822 0 Journal of Pharmaceutical Sciences 







aminopropane (VII)*, and 1-(2,5-dimethoxy-4-rnethyl)2-amino- 
propane ( IX)*  were all established as R(-) and S(+). Consequently, 
it is tempting to assume a correlation between retention time and 
absolute configuration. Consistent with such an assumption is 
the observation that the amide of R-(+)-a-methylbentylamine 
(Xb) has a shorter retention time than the amide of S-(-)-a- 
methylbenzylamine (Xa). However, until more information on the 
molecular nature of the interactions of such diastereomers with 
column materials is available, this suggestion must remain specula- 
tive. Similar differences in retention times with configuration of a 
series of camphorsulfonamides (1 7) of a-methoxy-a-methylpenta- 
fluorophenylacetamides (1 8) and of N-trifluoroacetylprolylamides 
(19) have been reported. 
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Degradation of Bronchodilator Agents in Oxymix System 


GEORGE H. KRONBERG' and BERTIL H. TAKMAN 


Abstract 0 Known amounts of isoproterenol, phenylephrine, and 
epinephrine were added to  the aqueous oxymix system and thereby 
exposed to potential redox destruction. Thirty minutes later, re- 
coveries of isoproterenol and phenylephrine were 89-100% and 
89-108%, respectively, while the recovery of epinephrine was 53- 
79 %. 
Keyphrases 0 Bronchodilator agentsdegradation in oxymix sys- 
tem, clinical implications of concurrent use 0 Oxymix-isopro- 
terenol, phenylephrine, or epinephrine-degradation of broncho- 
dilators, clinical implications of concurrent use 0 Huorometry- 
determination of stability of isoproterenol, phenylephrine, and 
epinephrine in aqueous oxymix system 


Oxymix' is a mixture of ascorbic acid, cupric sulfate, 
sodium percarbonate, a buffer system, and excipients 
and is essentially a redox system. It has mucolytic prop- 
erties and has been clinically administered as an aerosol 
in the treatment of several pathologic pulmonary condi- 


* Ascoxal (Gum-ox, Ascumist), marketed for oral hygiene by Astra 
Liikemedel, Sodertilje, Sweden. 


tions (1). Because bronchodilating agents are often 
used for the same indications, knowledge of the com- 
patibility of representative bronchodilators and oxymix 
was considered necessary, particularly since concurrent 
administration might be preferred. Since no investiga- 
tions of the stability of catecholamines or catechol- 
amine-like compounds under such conditions had been 
reported previously, the stability of epinephrine, iso- 
proterenol, and phenylephrine in the oxymix system 
was determined using fluorometric assay methods. 


EXPERIMENTAL 


Apparatus-The fluorometric measurements were performed 
with two types of fluorometers'. The ionexchange columns were of 
the same design and dimensions as described by Kelly and Auerbach 
(2) but contained 50 X 5-mm. resin beds. 


~~ ~ 


* G .  K. Turner Associates, model 111: rimary filter No. 110-812 
(405 nm.) and secondary filter No. 110-82?(65A),(495 nm.). Amhco- 
Bowman, model 4-8202: excitation 270 nm., empsion 305 nm., slit a?- 
rangement 5, xenon lamp 416-992, photomultiplier 10-213, meter multi- 
plier 0.001, and sensitivity setting 46. 
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Clindamycin Dose-Bioavailability Relationships 


CARL M. METZLER', RAY DeHAAN, DIANA SCHELLENBERG, and WILLIAM D. VANDENBOSCH 


Abstract 0 Analyses of dose-related changes in pharmacokinetic 
variables indicating bioavailability and of dosage equivalence were 
performed on data from single-dose studies on three preparations 
of the antibiotic clindamycin [7(S>chloro-7-deoxylincomycin]: 
clindamycin hydrochloride hard-filled capsules, clindamycin pal- 
mitate flavored granules, and clindamycin phosphate sterile solu- 
tion. The variables studied were serum clindamycin bioactivity and 
parameters calculated from a singlecompartment pharmacokinetic 
model. In general, the changes with dose were linear but not pro- 
portional and the pharmacokinetic model fit the data well. There 
were, however, some suggestions of nonlinear kinetics, particularly 
in the clindamycin hydrochloride study. Within the dose ranges 
(150-450 mg. clindamycin hydrochloride, 1%600 mg. clindamy- 
cin palmitate, and 300-600 mg. clindamycin phosphate), the aver- 
age response to a dose could be predicted well. An equivalent dose 


analysis for the three clindamycin preparations offered some insight 
into their absorption and disposition characteristics and the relative 
bioavailability of clindamycin from them. A single equivalent dose 
could not be computed; there were different equivalent doses for 
peak serum concentration, area under the serum concentration- 
time curve, and other variables. 


Keyphrases Clindamycin formulations-absorption, disposition, 
and relative bioavailability of hydrochloride capsules, palmitate 
flavored granules, and phosphate sterile solution Dose-bie 
availability relationships-clindarnycin hydrochloride capsules, 
clindamycin palmitate flavored granules, clindamycin phosphate 
sterile solution 0 Bioavailability-absorption, disposition of 
clindamycin capsules, flavored granules, and sterile solution 
Pharmacokinetics-absorption, disposition, and relative bio- 
availability of three clindamycin formulations 


Two problems frequently confront researchers testing 
new drugs: prediction of response to a particular dosage 
and equivalence of formulations. In the case of anti- 


biotics, it is often assumed that the desired response, 
eradication of pathogens, is closely related to the con- 
centration of drug in the serum and, therefore, that 
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Table I-Subject Characteristics 


Study Number of 
Number Compound and Dosage Men 


1 Clindamycin hydrochloride 10 
150 mg. 
300 mg. 8 


450 mg. 8 


2 Clindamycin palmitate 
150 mg. 12 


225 mg. 
300 me.) 
600 mg. 


12 
6 


3 Clindamycin phosphate 
300 mg. 
450 mg. 
600 mg. 


12 


Age (Years), Weight (kg.), Height (cm.), 
Mean (Range) Mean (Range) Mean (Range) 


36.4 
(26.0-44.0) 


31.1 
(22.0-46.0) 


35.4 
(25.0-42.0) 


80.0 


81.6 
(70.9-95.0) 


82.5 


(67.7-86.8) 


(71.8-94.1) 


182.1 
(173.8-190.4) 


183.1 


181.3 
(173.8-198.2) 


(173.1-192.3) 


27.8 75.5 185.6 


29.1 75.9 177.9 
(22.0-42.0) (65.9-93.6) (143.6-191.0) 


30.0 70.6 176.7 


(23.0-35.0) (61.4-91.4) (176.9-193.6) 


(25.0-42.0) (62.7-78.6) (171.8-182.1) 


36.3 
(25.0-48.0) 


82.8 
(69.1-105.0) 


179.3 
(172.4-193.6) 


equal bioavailability implies therapeutic equivalence. 
Which measure(s) of drug absorption and distribution 
best reflects bioavailability remains to be established. 
This report considers several variables as indicators 
of bioavailability of three preparations of the antibiotic 
clindamycinl [7(S)-chloro-7-deoxylincomycin] under- 
going clinical trials: (a) clindamycin hydrochloride 
hard-filled capsules ; (6) a pediatric oral preparation 
of the 2-palmitate ester, clindamycin palmitate flavored 
granules; and (c)  a parenteral preparation of the 2- 
phosphate ester, clindamycin phosphate sterile solu- 
tion. The goal of administering any of the three is to 
attain therapeutically adequate concentrations of clinda- 
mycin bioactivity. 


Wagner et al. (1) first described the clinical pharma- 
cology of clindamycin hydrochloride, and their ob- 
servations have been confirmed and extended by others 
(2-6). Clindamycin palmitate flavored granules, first 
prepared by Sinkula el al. (7), were shown in pharmaco- 
kinetic studies in adults (8) and children (9, 10) to be a 
satisfactory oral delivery agent for clindamycin. Results 
in clinical efficacy studies2 in more than 1500 children 
with infectious diseases are confirmatory. The ester, 
which is inactive against bacteria in uifro, is readily hy- 
drolyzed in the gut to microbiologically active clinda- 
mycin before absorption occurs. Preliminary studies did 
not reveal quantifiable amounts of the intact ester in 
human serum after a 300- or 600-mg. dose*. 


When clindamycin hydrochloride proved too irritat- 
ing to use parenterally (1 l), the 2-phosphate ester was 
developed (12). Tolerance findings indicate that it is 
suitable for clinical use. However, to improve local 
tolerance the concentration of drug was halved from 
the 300 mg./ml. used in the first clinical pharmacology 
study reported here to 150 mg./ml., used in all subse- 
quent studies. Microbiologically inactive 2-phosphate 


ester is absorbed intact after intramuscular injection. 
The kinetics of hydrolysis of the ester to active clinda- 
mycin will be dealt with in future publications. 


In the three studies described here, healthy men were 
given single doses of 150,300, and 450 mg.' clindamycin 
hydrochloride orally; 150, 225, 300, and 600 mg. 
clindamycin palmitate orally; or 300, 450, and 600 mg. 
clindamycin phosphate intramuscularly. Serum clinda- 
mycin levels were determined by bioassay, and the 
observations were subjected to pharmacokinetic analy- 
ses. In evaluating antibiotics, serum concentrations at 
various times after dosing, area under the serum con- 
centration-time curve, peak serum level, and time of 
peak have all been considered clinically important by 
some workers. This paper considers these pharmaco- 
kinetic variables and others in assessing dose-bio- 
availability relations. The two aspects focused on are: 
(a) relationship between dose level and values of the 
pharmacokinetic variables for each compound, and 
(6)  comparison of bioavailability of active clindamycin 
from the three compounds. 


Urinary excretion of drug, sometimes used as an in- 
dicator of drug absorption, could not be estimated pre- 
cisely for clindamycin in the studies reported here. 
Urine assays were run, but the bioactivity measured was 
due to a mixture of clindamycin and bioactive metab- 
olites, one of which (N-demethylclindamycin) is more 
active and another (clindamycin sulfoxide) much less 
active than clindamycin itself. To report only the total 
amount of bioactivity excreted might perpetuate the 
misleading concept that the amount of bioactivity ex- 
creted represents the amount of drug excreted. De- 
finitive studies of excretion of metabolites are not yet 
completed. 


THEORETICAL 


clindamycin 
K A  - I in serum 


Srlwme I 


I Cleocin, The Upjohn Co. 
* Case reports on file with The Upjohn Co. 
a F. Sun and T. Brodasky. The Upjohn Co., personal communication. 
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A single-compartment model (Scheme 1) was used in studying 
serum clindamycin concentrations after all three clindamycin prepa- 
rations, where KA is a first-order rate constant for appearance of 
clindamycin in the blood (absorption) and KB is a first-order rate 
constant for elimination from the blood. Both are expressed in liters 


All dosages and concentrations expressed in terms of clindamycin 
base equivalents. 







Table 11-Dose-Bioavailability Relations after Clindamycin Hydrochloride 
~ 


9%- -1% m g . 7  - 300 mg.- 4 5 0  mg.- 
Dose, Observed Predicted Observed Predicted Observed Predicted 


Variable Slope Intercept r* r-Statistic mg. Meanb Meanc Mean Mean Mean Mean 


Serum level, 
o. gf..mI. : 


0.50 hr. 


0.75 hr. 


1 .OO hr. 


1.50 hr. 


2.00 hr. 


3.00 hr. 


6.00 hr. 


Model 
parameters: 


KA 


A(’/z) 


KE 


E(’/z) 


Estimated 
peak 


Time of peak 


Area 


Time lag 


Volume of 
distribu- 
tion 


0.006 


0.010 


0.010 


0.009 


0.008 


0.007 


0.006 


0.003 


0.015 


N.R. 


N.R. 
0.003 


0.009 


N.R. 


0.063 


N.R. 


0.106 


-0.60 


0.39 


0.97 


1.06 


1.18 


1.01 


0.76 


0.25 


1.61 


N.R. 


N.R. 


2.31 


1.17 


N.R. 
3.64 


N.R. 


33.54 


0.21 


0.48 


0.59 


0.59 


0.54 


0.52 


0.45 


0.37 


0.25 


0.15 


0.20 


0.16 


0.61 


0.12 


0.43 


0.02 


0.43 


2.54 


4.74 


5.91 


5.89 


5.32 


5.19 


4.50 


3.78 


2.87 


<2 


<2 


2.17 


6.13 


<2 


4.29 


<2 


4.29 


195 


193 


187 


161 


134 


133 


135 


198 


453 


N.R. 


N.R. 
123 


174 


N.R. 


139 


N.R. 


153 


0.48 
f0.69d 
2.16 


i l . 0 5  
2.67 


10.80 
2.69 


10.77 
2.60 


fO. 87 
2.29 


4Z0.82 
1.82 


f0.76 
0.86 


fO. 50 


3.73 
f1.59 
0.22 


ZtO.09 
0.28 


f0. 10 
2.82 


f1.13 
2.84 


i 0 . 6 5  
1.06 


f O .  37 
14.88 
f7.80 
0.21 


f0.15 
43.90 
f7.40 


0.28 


1.95 


2.49 


2.47 


2.40 


2.13 


1.65 


0.77 


3.86 


N.R. 


N.R. 


2.80 


2.56 


N.R. 


13.18 


N.R. 


49.40 


0.66 
f0.89 
3.00 


f1.32 
3.57 


f1.06 
3.33 


f0.95 
3.14 


f0.93 
2.82 


f0.83 
2.14 


f0.62 
1.06 


fO. 32 


6.41 
zt3.55 
0.16 


*0.11 
0.22 


f0. 05 
3.23 


*0.67 
3.44 


f0.87 
0.91 


fO. 38 
18.49 
f6.14 
0.22 


zt0.05 
78.90 


dr15.90 


1.16 


3.51 


4.01 


3.88 


3.62 


3.24 


2.55 


1.29 


6.11 


N.R. 


N.R. 
3.28 


3.94 


N.R. 


22.73 


N.R. 
65.27 


2.28 
f2.35 
5.33 


f1.74 
5.75 


f1.32 
5.57 


f1.15 
5 . 0 9  


fl.OO 
4.56 


4ZO.98 
3.66 


*1.01 
1.93 


f0. 81 


8.20 
i4.65 
0.13 


f0, 09 
0.20 


i0.06 


f0.98 
5.58 


i1.26 
0.76 


fO. 31 
34.40 


f 12.55 
0.17 


f0 .09  
74.30 


f14.20 


3.78 


2.03 


5.07 


5.53 


5.29 


4.85 


4.35 


3.45 


1.81 


8.35 


N.R. 
N.R. 


3.76 


5.33 


N.R. 


32.28 


N.R. 


81.10 


~ 


0 See text for explanation of terms. b Observed mean. c Mean predicted from model. d f standard deviation. 


per hour. The concentration of clindamycin in the serum as a func- 
tion of time after dosing is described by the equation: 


where r *  = t - lo; f is time measured in hours from dosing and to 
is a time lag before measurable amounts of clindamycin can be 
observed in the serum. Dose is in milligrams, and V is the apparent 
volume of distribution in liters. In addition to being a volume factor, 
V also adjusts for the fraction of the dose absorbed; in this paper 
(dose/V) corresponds to the ( F D / V )  parameter of Wagner and 
Nelson (13). Parameters that can be calculated from this model 
include the absorption half-life A(1/,)  = (In 2)/& (in hours), the 
elimination half-life E(I/*) = (In 2)/& (in hours), the peak serum 
concentration (in micrograms per milliliter), the time of peak (in 
hours), and the total area under the serum concentration-time 
curve (in micrograms per milliliter X hours). The use of this model 
in both single-dose and multidose studies of clindamycin hydro- 
chloride was discussed elsewhere (6). 


In this model, serum concentrations are related to dose in a 
linear manner. If the model holds over all doses, then serum con- 
centrations at a given time should increase in the same proportion 
as do doses. Thus, if the dose is doubled, serum concentrations at a 
given time should double, as should the parameters directly de- 
pendent upon concentration (peak and area under the curve). 
However, rate constants, half-lives, time lag, time of peak, and 
volume should not change. Deviation from this behavior may pro- 
vide information about the drug and different formulations; it 
may also indicate that the model does not give a complete descrip- 
tion of the drug kinetics. 


One way to compare bioavailability of the two formulations is 
to calculate the dose of one formulation (“equivalent dose”) that 
will produce the same average value of a chosen variable as does a 
specified dose of the standard formulation. In this paper, 150 mg. 
clindamycin hydrochloride is used as the standard and, where 
feasible, the equivalent doses of palmitate and phosphate esters 
that will produce the same average values for serum concentrations 
and parameter estimates from the pharmacokinetic model are es- 
timated. The composite means of pharmacokinetic variables found 
in six studies with 150 mg. clindamycin hydrochloride (6) were 
used as the reference values. Values obtained with clindamycin 
hydrochloride in Study 1 described here were also compared with 
the composite means, using the same method of inverse estimation. 


Since for the chosen variables the dose-bioavailability relation- 
ship is assumed to be linear over the doses used for each formula- 
tion, the equation: 


value of pharmacokinetic variable = intercept + 
(slope X dose) (Eq. 2) 


was used. Thus, for a pharmacokinetic variable, the dose of 
the ester that is equivalent to 150 mg. clindamycin hydrochloride 
is given by the equation: 


P - I  equivalent dose = - S 


where P is the average value of the pharmacokinetic variable ob- 
served in subjects receiving 150 mg. clindamycin hydrochloride in 
the six studies, and I is the intercept and S is the slope of the linear 
dose-bioavailability relation computed for all the observed dose 
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Table III-Dose-Bioavailability Relations after Clindamycin Palmitate 


Equiv- -150 mg.- -225 mg.- -300 mg.- cdo() mg.- 
alent Re- Pre- Re- Re- 


Inter- t-Sp- Dose, Observed dicted Observed dicted Observed dicted Observed dicted 
Variable Slope cept r* tisttc mg. Means Mean= Mean Mean Mean Mean Mean Mean 


Serum level, mcg./ml. : 
0.33 hr. 


0.67 hr. 


1 .OO hr. 


1.5Ohr. 


2.00 hr. 


3.00 hr. 


6.00 hr. 


12.00 hr. 


Model parameters: 
KA 


4%) 
KB 


W/d 
Estimated peak 


Time of peak 


Area 


Time lag 


Volume of 
distribution 


N.R. 


0.003 


0.004 


0.005 


0.005 


0.004 


0.002 
- 


N.R. 0.00 <2 


1.40 0.14 2.54 


1.13 0.32 4.35 


0.98 0.40 5.20 


0.91 0.43 5.47 


0.83 0.47 5.90 


0.37 0.43 5.48 
- -  - 


N.R. N.R. 


N.R. N.R. 


N.R. N.R. 


N.R. N.R. 


0.005 1.35 


N.R. N.R. 


0.031 6.93 


N.d. N.R. 


0.113 55.39 


0.07 


0.04 


0.00 


0.01 


0.36 


0.09 


0.38 


0.01 


0.18 


<2 


<2 


<2 


<2 


4.71 


<2 


4.90 


<2 


2.95 


N.R. 1.14 N.R. 
f0. 95‘ 


370 1.77 1.85 
f0 .84  


345 1.70 1.80 
f O . 6 0  


306 1.70 1.71 
f0.55 


206 1.66 1.64 
fO. 57 


185 1.43 1.46 
f0. 52 


232 0.76 0.73 
f 0 . 3 1  


0.00 - - 


N.R. 14.25 N.R. 
f I4 .38”  


N.R. 0.24 N.R. 
f0.41 


N.R. 0.23 N.R. 
f0.09 


N.R. 3.41 N.R. 
f1.01 


278 2.02 2.05 
f0.64 


N.R. O.% N.R. 
f 0 . 7 1  


177 11.92 11.51 
f 5 . 0 6  


N.R. 0.26 N.R. 
f0. 15 


-50 59.84 72.39 
zk25.58 


0.80 N.R. 


1.94 2.07 
f0. 65 


f 0.84 


1.22 N.R. 


2.58 2.30 
fO. 97 


f 1 . 2 9  . _  


2.11 2.13 2.63 2.47 


2.04 2.07 2.48 2.43 


1.93 2.01 2.46 2.38 


f0. 26 fl.OO 


f0.64 f 0 . 8 6  


fO. 57 - . ~  


1.71 1.77 


0.87 0.90 
f0. 53 


f0. 34 
0.00 - 


7.17 
f 9 . 3 9  


0.24 
fO. I6  


0.21 
f O . 0 6  


3.52 
f l . 10  


2.32 
zk0.67 


1.18 
f0. 54 
13.81 


zk4.86 
0.24 


f0. 15 
101.71 


zk30.73 


N.R. 


N.R. 


N.R. 


N.R: 


2.40 


N.R. 


13.80 


N.R. 


80.89 


f0.84 


f0.61 


fO. 38 


2.20 2.08 


1.08 1.08 


0.26 - 


9.30 
f14.54 


0.31 
f0. 50 


0.24 
*0.08 


3.18 
11.00 


2.87 
f0.99 


1.09 
f 0 . 7 4  


15 .46  
f4 .23 


0.27 
f0.78 
82.18 


f36 .53  


N.R. 


N.R. 


N.R. 


N.R. 


2.74 


N.R. 


16.09 


N.R. 


89.39 


1.15 N.R. 


3.04 3.18 


3.70 3.80 


3.86 3.89 


3.83 3.85 


*0.74 


f 1 . 5 2  


f 1 . 7 7  


f 1 . 6 6  


f1.59 
3.28 3.34 


1.80 1.79 
f1.18 


f0.70 
0.62 - 


fO. 23 


2.00 N.R. 


0.46 N.R. 
f l . 0 7  


f0.27 
0.23 N.R. 


fO.05 
3.18 N.R. 


f0.66 
4.08 4.14 


f l . 6 3  
1.62 N.R. 


f 0 . 4 9  
25.67 25.26 


f10 .83  
0.22 N.R. 


fO. 12 
121.26 123.39 


=t46.32 


a See text for explanation of terms. b Observed mean. c Mean predicted from model. 1 f standard deviation. 


levels of that ester. This is called inverse estimation in the statistical 
literature (14). 


EXPERIMENTAL 


Deeign of Studies-Study 1 was described in detail (as Study 7) 
by DeHaan et al. (6). Results after the first 150-mg. dose were in- 
cluded in the six single-dose studies referred to previously. 
The other two studies were carried out with prisoners as subjects&. 


In Study 2 the 12 men who took 150 mg. clindamycin palmitate 
also took 150 mg. clindamycin hydrochloride in a two-way crossover 
with a week between doses; data from the clindamycin hydrochlo- 
ride part of the study were reported (as Study 3) previously (6). 
Another panel of 12 received the 225- and 300-mg. doses in a two- 
way crossover with a week between doses. In the 600-mg. phase of 
the palmitate study, six men were given clindamycin palmitate and 
another six received placebos (vehicle for clindamycin palmitate) 
as a tolerance control group. 


Study 3 was a three-way crossover study in which each of 12 men 
received intramuscular injections of 300, 450, and 600 mg. clinda- 
mycin phosphate with a week between doses. 


The volunteers were required to be within 20% of ideal body 
weight for height and build; to have no known GI, hepatic, or 
renal disease; and to have screening clinical laboratory values, 
physical examinations, and vital signs within normal limits. Table 
I summarizes subject characteristics. 


Clidamycin hydrochloride hydrate (Lot 15,759-15) was given 
as l s m g .  hard-filled capsules, and clindamycin palmitate hy- 
drochloride flavored granules (Lot 16,110-1) were given as a suspen- 
sion reconstituted with distilled water to a concentration of 15 mg./ 


‘ In Jackson Experimental Clinic, State Prison of Southern Michigan, 
Jackson. Mich. 
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ml. In both oral studies the subjects fasted (except for water ad 
libitum) overnight before the dose and for 3 hr. after the dose. and 
they drank 180 ml. (6 fl. OL) water after the dose. Study 3 utilized 
clindamycin phosphate sterile solution containing 300 mg. clin- 
damycin base equivalents/ml. (Lot 15,953); this lot did not contain 
the disodium edetate that was added to subsequent lots. Injections 
of 1.0, 1.5, or 2.0 ml. drug were made deep into the gluteal muscles, 
using a 3.8cm. ( I  .Sin.) 22-gauge needle. 


Mlcrobidogical Assay*--Serum specimens were obtained for 
microbiological assay at the times indicated in Tables 11-IV, and the- 
samples were frozen promptly and stored at -20”. To estimate 
clindamycin bioactivity (clindamycin plus bioactive metabolites). 
a cylinder-plate method was used. Sterile Pen Assay Seed Agar7 
was inoculated with the test organism, Sarcinu lureu ATCC 9341. 
Primary standards were prepared in commercial pooled human 
m u d ,  and secondary standards were prepared in the subject’s 
own pretreatment serum specimen. Specimens were assayed un- 
diluted and calculated mrsus their respective secondary standards, 
all specimens from an individual subject being assayed on the same 
day. Reported values of less than 0.9 mcg./ml. were extrapolated 
from the standard curve, and zero indicates less than 0.2 mcg./ml. 
Before assaying for free clindamycin activity in serum following 
clindamycin phosphate administration, phosphate buffer was added 
to the specimen immediately after it was thawed to halt hydrolysis 
of any clindamycin phosphate present. Wagner et al. (1) found that 
nearly all of the bioactivity in Serum after clindamycin hydrochlo- 
ride is due to clindamycin per se. 


Tolerance Monitoring-See Appendix. 


‘The Microbiology Section of the Clinical Research Laboratory, 


* Hyland. 
The U john Co.. performed all bioassays. 


7 Dip,. 
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HOURS AFTER DOSE 


Figure 1-Mean serum clindamycin (micmgmms per milliliter) after 
a 300-mg. dose of three c l i h y c i n  preparations. Key: M, 
clindamycin hydrochloride (eight men); 8 - - - 8, clindamycin pal- 
mitate (12 men); and A. . . A, clindamycin phosphate intramuscularly 
(12 men). 


RESULTSANDDISCUSSION 


Senon Levels-Mean serum clindamycin concentrations ob- 
served at  the various sampling times are listed in Tables 11-IV. 
Figure 1 illustrates the differences and similarities in the serum 
concentration-time curves following a 300-mg. dose of the three 
preparations. 


Differential assay results in several clindamycin phosphate studies, 
including Study 3 described here, indicate that a substantial amount 
of unhydrolyLed ester appears in the serum shortly after intra- 
muscular injection. In this study the ester reached a mean peak 
value between 1 and 2 mcg./ml. at 30 or 60 min. and virtually dis- 
appeared within 4 hr. Resumably the flattened, delayed peak in 
clindamycin bioactivity (compared with the oral dose curves) r e  


I 


a / I' 


1w 300 450 
CLINDAMYCIN HYDROCHLORIDE, rng. 


Figure 2-Dose-bioavailability relation: 2-hr. serum clindamycin 
concentration after clindamycin hydmhloride. Key: -, predicted 
means from linear model; 0- - -0, obsemd means; and a, individual 
values. 
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Figure 3-Dose-bioaoailability relation: 2-hr. serum clindamycin 
concentration after c l i h y c i n  palmitate. Key: -, predicted 
meam from linear model; 0- - -0, observed means; and a, individual 
values. 


flects hydrolysis of the ester to clindamycin in the serum, as well as 
various absorption and excretion factors. 


Definitions and units for the estimated model parameters listed 
in Tables 11-IV are given in the Theoretical section. The estimates 
were obtained by use of the nonlinear estimation program NONLIN 
(15). 


DoseBionvaUabUity Considerations-For all three formulations 
and all pharmacokmtk variables considered, where there was a 
change due to dose, the relation between dose and response was 
linear. Since at least three dose levels of the formulations were 
studied, a quadratic relation could be fitted to the data and, in fact, 
was calculated for all formulations and all variables; however, the 
resulting fit to the data was not significantly better than the linear 
fit. This linearity may hold only over the range of doses studied 
here. Since the intercept was in most cases nonzero, linearity would 
not hold for small doses and probably would not hold for very large 
doses. 


For each variable (observed value or estimated parameter), a 
linear regression was computed with the dose as the independent 
variable and the value of the pharmacokinetic variable as the de- 
pendent variable. The strength of the relation was evaluated by a 
statistical test of the estimated slope; the t-statistic tests whether 
the slope is significantly Mecent from zero. If the t-statistic was 
less than 2, that response was judged to be independent of dose 
[indicated by N.R. (noregressiw) in Tables 11-Iv]. 


Even though the mean values of the pharmacokinetic variables 
at each dose level fall on a line, there is so much variability about 
the means at each dose level that only a fraction of the total vari- 
ability is due to changes in dose. The proportion of the variability 
of a pharmacokinetic variable that could be explained by change in 
dose is represented by r* (the square of r, the correlation coefficient). 
To express this proportion as a percent, multiply ra by 100. For 
example, as illustrated in Fig. 3, although the mean 2-hr. serum 
clindamycin levels a t  the four dose levels of clindamycin palmitate 
lie very close to a straight line, the individual values vary consid- 
erably about the mean. From Table 111 in the r* column for the 
2-hr. serum concentration, it is apparent that only 43 of the total 
variation of the 2-hr. serum concentration is due to increasing dose 
levels. 


Much of the overall variability in blood level studies is due to 
between-subject variability (16). Where the same panel of subjects 
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Table IV-Dose-Bioavailability Relations after Clindamycin Phosphate“ 


Variable 


-300 me.- 4 5 0  mg.- cdoo mg.- 3%- Pre- Pre- Pre- 
Inter- t-Sta- Dose, Observed dicted Observed dicted Observed dicted 


Slope cept r2 Rz tistic mg. Meanb Meanc Mean Mean Mean Mean 


Serum level, mcg./ml. : 
0.25 hr. 


0.50 hr. 


1 .00 hr. 


1 . 5 0 0 .  


2.00 hr. 


4.00 hr. 


8.00hr. 


12.00 hr. 


24.00 hr. 


Model parameters: 
KB 


E(Y3 
Estimated peak 


Time of peak 


Area 


Time lag 


Volume of distribution 


N.R. N.R. 0.08 0.11 


0.002 1.61 0.11 0.20 


0.004 1.69 0.24 0.40 


0.005 2.23 0.26 0.45 


0.007 1.56 0.43 0.84 


0.006 0.29 0.41 0.84 


0.004 -0.13 0.33 0.76 


N.R. N.R. 0.07 0.14 


N.R. N.R. 0.06 0.10 


0.007 l . %  0.43 0.80 


0.002 2.06 0.13 0.28 


0.101 5.22 0.40 0.85 


N.R. N.R. 0.04 0.07 


N.R. N.R. 0.09 0.25 


- - 


<2 N.R. 


2.03 450 


3 .31  140 


3.49 -63 


5 .09  -27 


4.88 43 


4.10 90 
- - 


<2 N.R. 


<2 N.R. 


5.04 111 


2.29 -620 


4.75 71 


<2 N.R. 


<2 N.R. 


0.23 
f 0 . 4 P  


1.19 
f0.98 


2.29 
zt0.98 


2.96 
f 1 . 1 4  


3 .68  
f 1 . 1 6  


3.79 
zk1.03 


2.22 
f 0 . 6 5  


1.17 
f0.46 


0.09 
fO. 21 


0.17 
f 0 . 0 6 d  


4.50 
f 1 . 5 7  


4.06 
Ztl.09 


2.60 
f0. 31 
37.68 


rt13.07 
0.31 *o. 21 


60.07 
k21.52 


- 


N.R. 


2.28 


2.96 


3.75 


3.91 


2.35 


1.23 
- 


0.31 
f0.39 


1 . 4 0  
f0 .60 


2.59 
fO. 54 


3.59 
*O. 50 


4.64 
f0. 80 


5.32 
f1 .07  


3.63 
A1.12 


2.02 
fO. 90 


0.27 
fO. 47 


- 
N.R. 


2.61 


3.60 


4.51 


5 . 0 9  


3.38 


1.91 
- 


N.R. 0.15 N.R. 
f 0 . 0 4  


N.R. 


4.18 


2.65 


38.92 


N.R. 


N.R. 


4.7; 
f 1 . 2 1  


5 . 5 3  
h 0 . 9 8  


3.03 
fO. 80 
58.73 


f 1 7 . 4 2  
0.34 


fO. 25 
62.63 


f 1 7 . 7 3  


N.R. 


5.29 


2.94 


55.76 


N.R. 


N.R. 


0.53 - 
3Z0.71 


1.76 N.R. 


2.96 2.95 


4.23 4.23 


f0.88 


f0 .  87 


+1.08 
5.20 5.27 


6.15 6.26 


4.28 4.40 


*1.22 


f 1 . 3 0  


+1.23 


+1.00 


fO. 36 


2.53 2.59 


0.50 - 


0.14 N.R. 


5.32 N.R. 


6.29 6.41 


3.19 3.24 


71.38 72.61 


0.22 N.R. 


75.20 N.R. 


f0.04 


f 1 . 2 9  


A1.17 


3Z0.69 


zk21.20 


f O . l l  


zt21.20 


a See text for explanation of terms. b Observed mean. c Mean predicted from model. d f standard deviation. 


is used for all doses of a formulation, it is possible to remove this 
component. In Study 3 the same 12 subjects received the three dose 
levels in a crossover design. In Table IV, R2 is the square of the cor- 
relation coefficient for the linear dose-bioavailability relations after 
the between-subject component of variance is removed. Consider, 
as an example, the 2-hr. serum concentrations. Of the total vari- 
ability, only 2 6 z  is due to the different dose levels; but after re- 
moving the between-subject variability. 45 z of the remaining 
variability is due to the different dose levels. Thus the small values 
of  r* in Tables 11-IV reflect between-subject variability as much as 
deviations from the linear dose-bioavailability relations. 


Tables 11-IV list the r-statistic, rl, and mean observed value at 
each dose level. For those pharmacokinetic variables for which the 
regression was significant (t-statistic > 2). the slope and intercept 
of the regression line and the mean of the pharmacokinetic variable 
predicted from the linear regression are also reported. By comparing 
the observed and predicted means at each dose level, it is possible 
to get some idea of how closely the means fit the computed linear 
relations. Space limitations prohibit illustrating all these relations, 
but the 2-hr. serum concentrations for the three preparations are 
shown in Figs. 2-4. The use of the 2-hr. serum concentrations to 
illustrate the methods used does not imply that these values have 
any special therapeutic importance. 


Eqdvalence Considerations-As described in the Theoretical 
section, for appropriate variables the dose of clindamycin ester 
equivalent to a 1 KTmg. dose of clindamycin hydrochloride was de- 
termined, using the composite means from six studies in adults 
(6) as the standard of comparison. This comparison was also carried 
out with the data from Study 1 reported here to see how closely 
this study fit the overall results from six studies of 150 mg. clinda- 
mycin hydrochloride. 


Figure 5 illustrates graphically how the equivalent dose was 
computed. The mean 2-hr. serum concentration is plotted against 
clindamycin palmitate dose. The arrowed line enters the graph at 
the composite mean of the 2-hr. serum concentrations observed in 
the six clindamycin hydrochloride studies (1.94 mcg./ml.). The 


clindamycin palmitate dose level (206 mg.) at which this arrowed 
line intercepts the regression line is the “equivalent dose”; this is 
the estimated dose of clindamycin palmitate that yields the same 
average value for the pharmacokinetic variable as does 150-mg. 
clindamycin hydrochloride. The equivalent dose could be computed 
only for those variables for which the regression with dose was sig- 
nificant (1-statistic >2); other variables are designated N.R. in the 
tables. 


Clindamydn Hydrochloride (Table 11)-The relation of the 2-hr. 
serum concentration to dose (Fig. 2) is representative of all the 
serum concentrations in that at all sampling times the mean serum 
level after the m m g .  dose was less than predicted from the line 
fitted through all the data. Even though the means did not lie ex- 
actly on a straight line, as noted previously, the quadratic com- 
ponent of the regression line was not significant. This is because the 
variation of the individual observations about the means was 
greater than the deviations of the means from a straight line. In 
Study 1 the different dose levels were administered to different 
panels of subjects at different times. The deviation of the mean 
responses in the 300-mg. dose group cannot be explained. 


At all serum sampling times, there was a highly significant rela- 
tion between dose and serum level, as evidenced by the large values 
of the f-statistic. The slopes of the regression lines were quite 
similar. Because of between-subject variation in serum concentra- 
tions at each dose level, no more than 59% ( rx  = 0.59) of the vari- 
ance at any sampling time could be ascribed to changes in dose. 
Serum concentrations increased only about half as much as dose; 
Le., when the dose increased by 100%. the mean serum levels in- 
creased by about 50x. 


Three of the model parameters that should not be dose depend- 
ent, KA, E(l/*), and volume of distribution, did show a significant 
regression with dose (r-statistics 2.86, 2.17, and 4.29, respectively). 
As noted previously (6), because of the rapid absorption of clin- 
damycin hydrochloride, it is difficult to obtain enough prepeak 
serum concentration values to make good estimates of KA. In all 
of our clindamycin hydrochloride studies, estimates of KA have 
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Figure 4-Dose-bioaaailability relation: 2-hr. serum clindamycin 
concentration afer clindamycin phosphate. Key: -, predicted 
means from linear model; 0- - -0, obseraed means; and a, indioidud 
aalues. 


had large standard deviations; Kg is much easier to estimate and 
has had much smaller standard deviations. While E(l/d tended to 
increase with dose level for the first dose of clindamycin hydro- 
chloride, after a postequilibrium dose on a q6h regimen, W/S)  
values did not differ significantly, having mean values of 3.58, 3.12, 
and 3.32 hr. with 1 s .  300-, and 450-mg. regimens, respectively (6). 
The changes in KA, E(I/*), and volume with changes in the first dose 
are unexplained but could reflect inappropriateness of the model. 
Compartmental models of drug kinetics are based on assumptions 
of linear kinetics. There are several possible causes of nonlinear 
kinetics; DiSanto and Wagner (17) showed that if one of these, 
tissue binding, is significant, then the use of a compartmental model 
will lead to  the erroneous conclusion that some of the kinetic param- 
eters change with dose. 
The two model parameters that should increase with dose, esti- 


mated peak and area under the serum concentration-time curve, 
did so but, like the serum levels, they did not increase in the same 
proportion as did dose. 
The computed equivalent doses in Table 11 compared Study 1 


with the composite results in six studies of clindamycin hydro- 
chloride. All of these equivalent doses should be close to 150 mg., 
of course, and any deviation indicates that in some respect this 
study is different from the average results. Absorption was slower 
in this study, as reflected in higher equivalent doses at early sampling 
times and lower ones at later sampling times. That the average total 
absorption in this study was similar to the overall experience is 
indicated by the equivalent doses to attain the area under the curve 
and estimated peak (139 and 174 mg., respectively). The equivalent 
dose was 153 mg. for volume of distribution. 


Clindamydn Palmitate (Table 111)-The relation between dose 
and Zhr. serum level (Fig. 3) is representative of all the clindamycin 
palmitate variables. Mean values for the four doses lie very close 
to the regression line computed from all the data. Despite this good 
fit, variability within each treatment group was great enough that 
difference in dose accounted for less than 50% of the variation. 


4r A 


Figure 5-Estimated dose of clindamycin palmitate required to pro- 
duce 2-hr. serum clindamycin bioactivity equiaalent to that produced 
by 150 mg. clindamycin hydrochloride in six studies. Key: -, 
linear dose-response (predicted means): and 0- - -0, obseraed mean 
responses. Equivalent dose = 206 mg. clindamycin palmitate. 


Most of the model parameters showed the expected linear rela- 
tion with dose; rate constants, half-lives, time of peak, and time 
lag were all independent of dose, while peak and area were dose de- 
pendent. Volume, however, did increase significantly with dose 
(t-statistic, 2.95). Until more information about the distribution 
and metabolism of clindamycin and about the correctness of the 
model is available, any explanation for this remains speculative. 
As noted previously, the volume term in the model includes F, the 
fraction of dose absorbed. In the 225/Mo-mg. crossover group, the 
volume estimate was greater after the lower dose than after the 
higher dose. 


The equivalent doses calculated for clindamycin palmitate illus- 
trate that it is absorbed more slowly than is clindamycin hydro- 
chloride. Equivalent doses are more than double 150 mg. at early 
serum sampling times but only about one-thud larger than 150 
mg. a t  later times. The lower peak levels are reflected in an equiva- 
lent dose of 278 mg. to achieve the same peak. However, the equiva- 
lent dose (177 mg.) computed for area under the serum curve sug- 
gests that total absorption of clindamycin is about the same after 
the two preparations. 


Estimating equivalent doses was a primary purpose in designing 
Study 2, and the information proved helpful in predicting appro- 
priate dosages for clinical trials with this compound. 


Clindamydn Phosphate (Table IV)-Although area under the 
serum concentration curve almost doubled with a doubling of 
clindamycin phosphate dose, serum concentrations increased only 
by about 50% when the dose was doubled. Again the linear dose- 
bioavailability model, although it fits the serum concentration- 
time curves very well, dose not completely describe the kinetics of 
the drug. Although time of peak and time lag had statistically 
significant dose-bioavailability relations, the estimated equivalent 
doses are meaningless. Since estimation of absorption of the intra- 
muscular dose is confounded by estimation of rate of hydrolysis 
of the ester to clindamycin, the absorption rate constant KA and 
half-life A(I/l) were not included in this analysis. 


The delayed peak and flatter, higher serum clindamycin curve 
after intramuscular clindamycin phosphate iiection are re- 
flected in the calculated equivalent doses. As expected from in- 
spection of the curves, calculation of equivalent doses for serum 
levels at individual sampling times did not yield useful information. 
However, the equivalent dose for area under the serum concentra- 
tion-time curve suggests that nearly twice as much clindamycin 
is absorbed into the circulation from clindamycin phosphate given 
intramuscularly as from clindamycin hydrochloride given orally. 


CONCLUSIONS 


For clindamycin hydrochloride, clindamycin palmitate, and 
clindamycin phosphate, the dose-bioavailability relations for serum 
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clindamycin bioactivity are linear but not proportional. Means of 
the pharmacokinetic variables for the different dose levels lie on 
(or nearly on) a straight line, but the response does not double 
when the dose is doubled. 


Within the dose ranges in the three studies described, the aoerage 
effect of a dose can be predicted well. An individual's serum con- 
centration cannot be predicted as precisely as the average; in no 
case in these studies did the regression of serum level with dose 
account for more than 60% of the total variability. In those situa- 
tions where the between-subject variation could be removed, the 
regression of serum levels with dose accounts for as much as 84% 
of the remaining variability. 


Analysis of the dose-bioavailability relations is one check on the 
validity of the onetompartmnt model as a model of clindamycin 
absorption and elimination. In general, those model parameters 
that should be dose related had significant regressions and those 
that should not change with dose had nonsignificant regressions. 
The exceptions, especially in the study of clindamycin hydrochloride, 
suggest that perhaps there is some nonlinearity in the kinetics of 
clindamycin. 


Attempts to compute equivalent doses of the three preparations 
showed that it is not meaningful to talk about a single equivalent 
dose, even for compounds producing serum concentration curves 
as similar as those after clindamycin hydrochloride and clindamycin 
palmitate. The equivalent doses will be different for peak, area, 
etc. An equivalent dose analysis does provide some understanding 
of the similarities and differences of formulations. 


APPENDIX 


Tolerance Monitoring-There were no serious side effects or 
indications of toxicity in any of the studies. Tolerance of multiple 
dosing with clindamycin hydrochloride has been described else- 
where (6), but tolerance findings in Studies 2 and 3 have not. The 
following clinical laboratory determinationsu were performed 
during screening and before and after dosing in both studies, ex- 
cept where indicated otherwise: complete blood count, complete 
urinalysis, serum alkaline phosphatase, serum glutamic oxalacetic 
transaminase(SGOT), serum glutamic pyruvic transaminase (SGPT), 
serum bilirubin, serum creatinine (Study 2), blood urea nitrogen, 
and serum creatine phosphokinase (CPK) (Study 3). In Study 2, two 
subjects developed mildly abnormal SGOT values (normal = <45 K 
units) after dosing with clindamycin palmitate. One, whose SGPT 
also became mildly abnormal, was found to have a history of heavy 
alcohol consumption and slightly elevated SGPT values (although 
his screening and pretreatment values were normal). The other 
subject, who had an extremely high CPK but normal SGPT, ad- 
mitted indulging in strenuous activity; these findings indicated 
muscle as the source of SGOT elevation in this case. In Study 3, 
SGOT typically rose after intramuscular injection, along with 
CPK; SGPT, however, scarcely changed, suggesting muscle trauma 
as one source of the SGOT increase. 


Vital signs (blood pressure, pulse, temperature, and respiration) 
were recorded before and after each dose. Physical examinations, 
performed during screening, were repeated after dosing, and in 
Study 3 audiometric examinations were conducted before and after 
dosing. Subjects were questioned about systemic side effects. In 
Study 2, one subject developed signs of a urinary tract infection. 
Symptoms admitted on repeated questioning were loose or watery 
stools in three, headache in six, nausea in two, vomiting in one, gas 
in two, rectal itching in one, and bad taste (1 hr. after dosing) in 
two. All were transient and most were mild, but one subject had 


U All determinations were performed by the Clinical Research Lab- 
oratory. 


moderate vomiting and loose stools after the 225-mg. dose and 
then nause.a and watery stools after the 300-mg. dose a week later. 
In the placebo-controlled 600-mg. trial, one subject developed 
transient dizziness and nausea after drug and one had nausea after 
placebo. In Study 3, changes in stools (softer, more frequent, or 
loose stools or diarrhea) were reported in six, rectal itching in four, 
abdominal pain in one, heartburn and gas in one, and itching of 
back and buttocks in one. Audiometric evaluations showed no 
drug effect. 


In Study 3 repeated subjective and objective evaluations of 
tolerance at the intramuscular injection sites indicated that the drug 
caused more discomfort than saline placebo. However, this was 
less Severe and shorter lived than that reported after intramuscular 
clindamycin hydrochloride (1 1). 


REFERENCES 


(1) J. G. Wagner, E. Novak, N. C. Patel, C. G. Chidester, and 


(2) R. F. McGehee, C. B. Smith, C. Wilcox, and M. Finland, 


(3) B. R. Meyers, K. Kaplan, and L. Weinstein, Appl. Micru- 


(4) K. Nakagawa and J. Kabe, Proc. Int. Congr. Chemother., 


( 5 )  W. J. Holloway, ibid., 1, 687(1970). 
(6) R. DeHaan, C. M. Metzler, D. Schellenberg, W. D. Van- 


d e n k h ,  and E. L. Masson, Int. J. Clin. Pharmacol., 6,105(1972). 
(7)  A. A. Sinkula, W. Morozowich, and E. L. Rowe, Abstracts 


of Papers, APHA Academy'of Pharmaceutical Sciences, Washington, 
D. C. meeting, Apr. 1970, p. 63. 


(8) R. DeHaan, W. D. V a n d e n k h ,  and C. M. Metzler, J. 
Clin. Pharm., 12, 205(1972). 


(9) N. Lwin and P. .I. Collipp, Curr. Ther. Res., 12,648(1970). 
(10) R. M. DeHaan and D. Schellenberg, J.  Clin. Pharm., 12,74 


(1972). 
(11) E. Novak, J. G. Wagner, and D. J. Lamb, Int. J. Clin. 


Pharmacd., 3, 30 1 (1 %9). 
(12) W. Morozowich, D. J. Lamb, R. M. DeHaan, and J. E. 


Gray, Abstract of Papers, APHA Academy of Pharmaceutical Sci- 
ences, Washington, D. C. meeting, Apr. 1970, p. 62. 


(13) J. G. Wagner and E. Nelson, J. Pharm. Sci., 53, 1392(1964). 
(14) M. Halperin, Technometrics, 12,281(1971). 
(15) C. M. Metzler, Compilation of Symposia Papers, 5th Na- 


tional Meeting, APHA Academy of Pharmaceutical Sciences, 1970, 


(16) C. M. Metzler, R. M. DeHaan, and F. 0. Kadrnka (Ab- 


(17) A. R. DiSanto and J. G. Wagner, J. Pharm. Sci., 61, 552 


W. L. Lummis, Amer. J. Med. Sci., 256, 231968). 


ibid., 256, 279(1968). 


biol., 17, 653(1%9). 


6th, 1, 683(1970). 


p. 380. 


stract), Clin. Pharm. Ther., 12, 281(1971). 


(1972). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received July 26, 1971, from the Departments of Biostatisrics and 
In fecrious Diseases Research, The Upjohn Company, Kalamazoo, 
MI 49001 


Accepted for publication October 20, 1972. 
The authors gratefully acknowledge the contributions of Dr. E. 


Novak and Dr. T. G. Vitti in designing the intramuscular study; 
Dr. A. A. Forist for helpful discussions of pharmacokinetic data in 
the intramuscular study; Dr. H. E. DePree, Dr. H. L. Oster, Dr. 
R. E. Medlar, Dr. H. H. Schweem, and the staff of the Jackson Ex- 
perimental Clinic for supervision of the clinical studies; W. L. 
Lummis and staff of the Clinical Research Laboratory for perform- 
ing the bioassays; J. Staley and E. Lord for technical assistance; 
and the volunteers who served as subjects. 
A To whom inquiries should be directed. 


598 0 Journal of Pharmaceutical Sciences 








TpMe I-Values of KralTt Point and CMC for sodium Soaps and 
Sodium Alkyl Sulfates in Water 


K r a t  Pointb 
CMC, 


molesfl. X 108 


10 
12 
14 
16 
18 


C,,Hl,IOSO:Na 
8" 


20" 
33" 
46" 
58 " 


33.1 (25") 
8.1 (25") 
2.2 (40") 
0 .5  (m0j 


CJ-LICOONa 
- 340 (25") 
- 94 (25") 


11 36" 24.4 (25") 
7 .1  (so") 13 53 " 


15 62 " 
17 71 " 


7 
9 


- 
- 


Number of carbon atoms in the normal alkyl chain. b From Refer  
ence 8. c From Reference 9. 


for the concentration of nonassociated surfactant mole- 
cules is the solubility limit at temperatures below the 
Krafft point and the CMC above it. The solubility at 
the Krafft point is equal to the CMC (7). The monomer 
activity of aqueous surfactant solutions increases only 
slightly after the overall concentration has been raised 
above the CMC because the bulk of the surfactant 
added in excess of the CMC forms micelles. CMC values 
and Krafft points for two homologous series of anionic 
surfactants are assembled in Table I. 


As the alkyl chain length increases on ascending a 
homologous series, there is a monotonic decrease in the 
maximum concentration of single or nonmicellar sur- 
factant species owing to a decrease in solubility or in the 
CMC. This effect is responsible for the downturn in the 
curves of Figs. 1 and 2. This reasoning is only valid if, at 
temperatures above the Krafft point, the surfactant 
concentrations in the aqueous phase are equal to or 
exceed the CMC values. 


Conclusion-With the oil-water partition coefficient 
increasing and the limiting monomer concentration 
decreasing on ascending a homologous series, a maxi- 
mum surfactant concentration in the "oil" (collagen, 
skin, muscle tissue, or erythrocyte membrane) phase is 
found at an intermediate chain length. As a result, a sur- 
factant of intermediate chain length has the greatest 
irritant, toxic, or hemolytic effectiveness. 


It is to be expected that the chain length for maximum 
effectiveness within each homologous series depends on 
the hydrophilicity of the polar headgroup, being greater 
for the more hydrophilic groups. The -O-S03- Na+ 
group is more hydrophilic than the -COO- Na+ group. 
The most active alkyl sulfate was found to be the do- 
decyl ester (m = n = 12), whereas sodium laurate (m = 
12 but n = 11) was the most active soap. Unfortunately, 
only surfactants with even numbers m of carbon atoms 
were investigated in the two homologous series, making 
the most effective member among the alkyl sulfates the 
one with n = 12 f 1 and among the soaps the one with 
n = 11 f 1; n is the number of carbon atoms in the 
alkyl chain. 


Since the increase in P and the decrease in the CMC as 
a function of n are of comparable magnitude, the as- 
cending and descending branches of curves like the 


ones of Figs. 1 and 2 should have slopes of comparable 
absolute values though of opposite signs, as long as the 
experimental temperatures exceed the Krafft points. 
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Enhancement of Intestinal Absorption of a 
Quaternary Ammonium Compound by . 


Salicylate and Trichloroacetate 


Keyphrases 0 Quaternary ammonium compounds+nhancernent 
of intestinal absorption by salicylate and trichloroacetate 0 Am- 
monium compounds, quaternary-enhancernent of intestinal at+ 
sorption by salicylate and trichloroacetate 0 Absorption, intestinal 
--effect of salicylate and trichloroacetate on N,N-bis(pheny1- 
carbamoylme.thyl)dimethylammonium chloride absorption 0 Sa- 
licylate effect-intestinal absorption of a quaternary ammonium 
compound 0 Trichloroacetate effect-intestinal absorption of R 
quaternary ammonium compound 


Sir : 
The possibility of increasing the GI absorption of 


poorly permeable, charged drug molecules by forma- 
tion of lipoid-soluble ion-pairs with various counter- 
ions has received a good deal of attention (1-7). The 
present report concerns the influence of certain anions 
on the intestinal absorption of N,N-bis(pheny1car- 
bamoylmethyl)dimethylammonium chloride (I), a qua- 
ternary ammonium compound with antiarrythmic 
activity'. 


The purity of the drug2, tritium-labeled on an N- 
methyl group (specific activity 14.5 pc./mg.) as well as 


1 Personal communication, Astra Pharmaceutical Products, Inc., 
* Provided by Astra Pharmaceutical Products, Inc. 


Worcester. Mass. 
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Table &Effect of Salicylate and Trichloroacdate on 
the Absorption of I from the Rat Intestine 


Percent Remaining' 
Trichlmo- 


Minutes Control Salicylate acetate 


5 9 3 . 5 k  12.9 75.5+ 13.1 7 0 . 8 z t 8 . 6  
10 8 4 . 4 i 7 . 3  5 4 . 9 k 5 . 0  4 8 . 5 z t 4 . 4  
15 81 .O i 8.4  48.7 f 3.6 39.6 f 4 . 0  


Mean of five experiments f one standard deviation. 


Table II-EFect of Anions on the Plasma Level and 
Apparent Partition Coefficient of I 


PlaSllU Butanol- 


at 30 min.0. Partition 
mC&/d. Coefficient 


Concentration Water 


Control 0 . 2 4 k 0 . 1 3  23 
Salicylate 1.37 f 0.67 58 
Trichloroacetate - 97 


~~ ~ 


Mean of five rats f one standard deviation. 


unlabeled, was verified by high-voltage electrophoresis. 
A11 other chemicals were reagent or scintillation grade. 
Tritium-labeled I and sufficient unlabeled drug were 
dissolved in isotonic buffer to give a concentration of 
0.4 mg./ml. The buffer (pH 7.4) contained sodium bi- 
carbonate (26 mM), potassium chloride ( 5  mM), po- 
tassium acid phosphate (1 mM), and either sodium 
chloride, sodium salicylate, or sodium trichloroacetate 
(1 22 mM). Trichloroacetate solutions were prepared 
by dissolving equimolar quantities of sodium hydroxide 
and trichloroacetic acid in water. The molar ratio of 
anion (i.e., salicylate or trichloroacetate) to drug was 
about 90: 1. 


Male Sprague-Dawley rats, weighing about 300 g. 
and fasted for 24 hr., were anesthetized with ethyl 
carbarnate (1.3 g./kg. i . p )  and prepared as described 
by Doluisio e? al. (8) for studying drug absorption from 
the in situ small intestine. Seven milliliters of drug solu- 
tion was placed in the intestine, and 0.1-ml. samples 
were removed at 5-min. intervals for 15 min. The vol- 
ume of the luminal solution was maintained constant 
by adding buffer immediately prior to sample removal. 
In a -  second series of experiments, the renal pedicles 
as well as the bile duct were ligated, and loss of drug 
from the intestinal lumen was followed for 30 min. 
At the end of the absorption period, blood was col- 
lected by cardiac puncture and centrifuged for 10 min. 
at 575 Xg to obtain the plasma. 


Tritium levels were determined by liquid scintillation 
spectrometry a. Scintillation fluid was prepared by dis- 
solving 0.28 g. 1,4-bis[2-(5-phenyloxazolyl)]benzene, 
9.46 g. 2,5-diphenyloxazole, and 142 g. naphthalene in 
946 ml. dioxane and 50 ml. water. Two-tenths-milliliter 
samples of plasma were added to 15 ml. scintillation 
fluid and counted for 100 min.; raw counts were 500-  
2000 above background. Half-milliliter samples of 
diluted intestinal perfusate were counted in 15 ml. of 


a Packard Tricarb model 21 11. 
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scintillation fluid to lo6 counts. Tritiated water was 
used as an internal standard; the efficiency of the system 
was 3 2 z  for tritium in buffer, plasma, and intestinal 
solution. 


The results of the absorption studies are summarized 
in Table 1. Both salicylate and trichloroacetate signifi- 
cantly enhance the disappearance of I from the intesti- 
nal lumen. Both anionic agents exert their greatest 
influence on the initial absorption rate of the drug and, 
thereafter, the effect tends to decline with time. Through- 
out the experiment, trichloroacetate was slightly more 
effective than salicylate in enhancing the absorption of 
I. Determination of tritium levels in the plasma imme- 
diately after the 30-min. absorption studies (Table 11) 
clearly showed that the enhanced loss of I from the 
intestinal perfusate containing salicylate results in sub- 
stantially higher apparent drug levels in the body. 
Salicylate concentration in the plasma at the same time 
averaged about 1.1 mg./ml. Since most of the apparent 
drug in whole blood is associated with the nonserum 
fraction, there was some concern that the elevated 
levels of 1. in plasma containing salicylate might be due 
to displacement of the quaternary ammonium com- 
pound from the formed elements of the blood. This 
possibility was ruled out by demonstrating equal con- 
centrations of I in the plasma of whole blood spiked 
with drug and of whole blood spiked with both drug 
and salicylate. 


The absorption and plasma level data are in general 
agreement with equilibrium partitioning data (Table 
11). Both salicylate and trichloroacetate significantly 
increase the apparent butanol-water partition coeffi- 
cient of I, with trichloroacetate being somewhat more 
effective. The results of our investigations are quite 
encouraging and offer the possibility of substantially 
improving the bioavailability of quaternary ammonium 
compounds and other highly ionized drugs. 
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In Vitro and In Vivo Hydrolysis of 
4-Benzoylphenyl N-Methylcarbamate 


LEO W. BROWN and ARLINGTON A. FORIST' 


Abstract 0 The kinetics of hydrolysis of the carbamoyl group of 
4-benzoylphenyl N-methylcarbamate in 50% aqueous ethanol 
showed that the reaction was first order with respect to both hy- 
droxide ion aqd carbamate. The calculated half-life at pH 7.3; 37", 
was 73 min. Following oral administration in the dog, urinary ex- 
cretion products in separate experiments were (percent of the dose): 
the intact compound (<0.1 x), 4-benzoylphenol (0.3; 0.4%), and 
conjugated 4-benzoylphenol (17.0; 8.3 %). Taken together, these 
results are consistent with considerable hydrolysis of the drug in the 
intestine, erratic absorption, and rapid hydrolysis following ab- 
sorption. 


Keyphrases 0 4-Benzoylphenyl N-methylcarbarnate-in uitro and 
in uioo hydrolysis, half-life, urinary excretion products in dog 0 
N-Methylcarbamate, 4-benzoylphenyl-in uitro and in uioo hy- 
drolysis, half-life, urinary excretion products in dog 0 Hydrolysis, 
in oirro and i)l oiuo-4-benzoylphenyl N-methylcarbamate 


A number of aryl N-methylcarbarnates have shown 
anti-inflammatory activity ( I ,  2). 4-Benzoylphenyl N -  
methylcarbarnate (I) possesses similar biological activity 
(3). Earlier investigations with salicylanilide N-  
methylcarbamate and 4-biphenylyl N-methylcarba- 
mate demonstrated marked differences in hydrolytic 
stability and indicated that carbamate hydrolysis at  
pH's encountered in the intestine could have a signifi- 
cant effect on absorption and resultant activity (2). 
Accordingly, the hydrolytic stability of I was deter- 
mined and is the subject of this report. Included also are 
data on the oral absorption and in vivo hydrolysis of I 
in the dog based on the urinary excretion of I and its 
metabolites. 


EXPERIMENTAL 


In Vitro Hydrolysis Studies-Solutions of I(5.98 X 1O-SM) were 
prepared in 50% aqueous ethanolic phosphate (0.025 M )  buffers 
at the apparent pH values shown in Table I. Absorbances (A t )  
were determined at appropriate times at 295 nm., the absorption 
maximum of 4-benzoylphenol (II), at 37" until no further absorb- 
ance increases occurred (&). Pseudo-first-order reaction rate 
constants, k ' ,  were obtained from the slopes of plots of log (A, - 
At) uersus time. 


I n  Viuo Studies-In examining the absorption and excretion of I, 
a fasting 10-kg. beagle dog received 200 mg. of I orally, followed 
14 days later by 220 mg. orally. A 24-hr. urine sample (blank) was 
collected prior to drug administration, and urine samples (acidified 
on collection) were obtained following drug administration (Table 
11). 


Table I-Kinetic Constants for 4-Benzoylphenyl 
N-Methylcarbamate Hydrolysis in 50z Ethanol at 37" 


Apparent kom-, 1. 
PH k', rnim-1 /I/*, min. moles-' min.-' 


7.4 1.14 X lo-* 61 1 .90  x 104 
8.0 5.30 x lo-' 13 2.22 x 104 
8 . 6  1.84 X 10-l 4 1.89 x 104 


Mean 2.00 X 10' 


Table II-Urinary Excretion of Free and Conjugated 
4-Benzoylphenol(II) in the Dog following Oral Administration 
of 4-Benzoylphenyl N-Methylcarbamate 


Percent of 
--Dose Excreted- 


Dose, mg. Interval, hr. I1 Conjugated I1 


200 0-24 0.27 16.3 
24-55 0.05 0 . 7  


220 0-8 0.20 
8-24 0.20 


24-48 0.04 


5 .8  
0 . 6  
1 . 9  


Free and conjugated drug-related materials were determined by a 
quantitative TLC procedure. For free materials, 10 ml. of urine, 
adjusted to pH 2, was extracted with 25 rnl. of chloroform. 
A 20-ml. portion of the chloroform phase was concentrated 
to dryness in a nitrogen stream, and the residue was dis- 
solved in a few drops of chloroform saturated with 0.1 N HCI. 
The resulting solution was quantitatively transferred to a silica gel 
G TLC plate containing phosphors and developed with chloroform- 
ethanol-formic acid (98:3:2) in parallel with standard I (/?/ 0.7) 
and I1 (RJ 0.5). Zones corresponding to 1 and I1 were detected with 
a UV lamp, scraped from the plate, and eluted with 5 ml. of 0.1 
N NaOH. Compound I1 was determined from the absorbance of 
the basic eluate a t  345 nm. Interfering materials from the urine ab- 
sorbing at 340 nm. made estimation of I at 345 nm., based on its 
hydrolysis to I1 in the eluting solvent, impossible. Therefore, the 
basic eluate of zone I was acidified and extracted with three 5-ml. 
portions of chloroform, and the extract was analyzed by the quan- 
titative TLC procedure for 11. 


To determine conjugated materials, 15 ml. of urine was adjusted 
to pH 5.0, mixed with 3 ml. of 0.5 M pH 5.0 acetate buffer and 0.3 
ml. of an enzyme solution' containing 30,000 units of a-glucuroni- 
dase and 15,000 units of sulfatase, and incubated at 37" for 48 hr. 
The sample was then acidified and carried through the extraction 
and TLC determination for 11. All calculations were based on the 
responses (Asto) obtained for standard samples of I or I1 added to 
urine and carried through the same procedures, with appropriate 
corrections for urine blanks. 


RESULTS AND DISCUSSION 


Previous reports ( I ,  2, 4) showed that the hydrolysis of aryl 
carbamates is first order in both hydroxide ion and carbamate. 
In the present kinetic studies, plots of log ( A ,  - At) versus time 
were strictly linear, confirming the first-order dependence on I. 
Pseudo-first-order reaction rate constants, k', are shown in Table 
I. Moreover, a plot of log k' versus apparent pH was linear with a 
slope of unity, establishing first-order dependence on hydroxide 
ion and permitting calculation of the specific reaction rate con- 
stants, koa-, presented in Table I. 


Use of 50% ethanol as solvent was dictated by the low solubility 
of I in water. As a consequence, a direct calculation of hydrolysis 
rates in aqueous systems cannot be made. However, earlier studies 


n 0 


1 Glusulase, Endo Laboratories, Richmond Hill, N. Y. 
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with the structurally similar 4-biphenylyl N-methylcarbarnate 
( I ,  2) indicated that kou- in water was six times that of the value 
in 5 0 %  ethanol. Thus, it may reasonably be predicted from the 
data in Table I that considerable hydrolysis of I would occur over 
tlie pH range encountered in the small intestine and that absorption 
of the intact drug could be variable from dose to dose. In addition, 
noncnzymatic hydrolysis at  the pH of the blood, following ab- 
sorption, would be rapid. The half-life of I at pH 7.3, 37”, calculated 
from the data in Table I is 73 min. Comparison of these results with 
those obtained earlier with 4-biphenylyl N-methylcarbarnate ( I )  
indicates that substitution of the 4-benzoyl group for the 4-phenyl 
group increases the hydrolysis rate nearly 2OO-fold. 


Foliowing oral administration of I to the dog, traces of intact 1 
were detected in the urine but were below the level of reasonable 
quantification (<0.1 of the dose). The only drug-related materials 
detected in the urine were the hydrolysis product, 11, and glucuro- 
nidc and/or sulfate conjugates of I1 (Table TI). Overall excretion 
ranged from 8.7 to 17.3% of the dose in the two experiments. 
These results are consistent with erratic absolption and the pre- 
dicted extensive hydrolysis of1 based on the in cirro kinetic studies. 


Urinary excretion of 47-92% of orally administered I1 as a 
glucuronide conjugate in the rabbit was reported by Robinson 


(5 ) .  The present results for I1 (produced from I )  in the dog are 
qualitatively similar. 


REFERENCES 


( I )  K. S. P. Hsi, L. W. Brown, F. Kagan, A. R. Hanze, J. E. 


(2) L. W. Brown and A. A. Forist, J .  Pharm. Sci., 61,858(1972). 
(3) A. R. Hanze, U. S. pat. 3,322,818 (1967); through Chem. 


(4) L. W. Dittert and T. Higuchi, J .  Phurm. Sci., 52,852(1963). 
( 5 )  D. Robinson, Biochern. J., 68,584(1958). 


Stafford, and A. A. Forist, J. Org. Chem., in press. 


Ahstr., 68,68682h (1968). 


ACKNOWLEDGMENTS AND ADDRESSES 


Received March 9, 1972, from the Research Laboratories, The 
Upjohn Company, KaIamazoo, MI 49001 


Accepted for publication July 25,1972. 
A To whom inquiries should be directed. 


Mass Fragmentographic Detection of Normorphine in 
Urine of Man after Codeine Intake 


WILHELM 0. R. EBBIGHAUSEN’, JOHN MOWAT, and PER VESTERGAARD 


Abstract 0 The biological disposition of codeine in urine was 
studied after intake of a single therapeutic dose of 20 mg. of codeine 
phosphate. Human urine after ingestion of codeine was previously 
reported to contain codeine as well as two of its metabolites, mor- 
phine and norcodeine. The presence of an additional metabolite, 
normorphine, was detectable after acid hydrolysis of an aliquot of 
human urine collected for 10 hr. after intake. Analysis was per- 
formed using a combined GC-mas: spectrometer, with an additional 
accelerating voltage alternator unit as a specific detector. Presence 
of normorphine was indicated by mass fragmentography. A partial 
mass spectrum for identification was obtained by repeated scanning 
across the normorphine peak area. 


Keyphrases 0 Normorphine--mass spectroscopic detection as a 
metabolite of codeine in human urine 0 Codeine- m a s s  spectro- 
scopic detection of normorphine as a metabolite, human urine 0 
Mass spectroscopy-detection of normorphine as a metabolite of 
codeine in human urine 


Researchers have investigated the biological disposi- 
tion of codeine in man, monkey, dog, rat, mouse, 
rabbit, and guinea pig ( I ,  2). The mctabolic pathway 
of codeine in different species includes conjugation, 
0- and N-dealkylation to morphine and norcodeine, 
and conjugation of these metabolites. 


In 1962, Way and Adler (3) reported: “Thus far 
there has been no direct evidence to  indicate that the 
same codeine rnoleculc is demethylated at both the U- 
and the N-positions to yield normorphine.” However, 
during the saiiic year, Kuhn and Friebel (4) identified 
traces of normorphine in urine of rats after treatment 


with codeine. I n  1970, Yeh and Woods ( 5 )  reported 
the detection of normorphine by paper and thin-layer 
chromatography in urine and bile of rats after sub- 
cutaneous injection of large amounts of codeine phos- 
phate. In  the present investigation, traces of normor- 
phine were detected, by means of mass fragmentog- 
raphy, in addition to the already known metabolites in 
urine of man after intake of a single therapeutic dose 
of either 10 or 20 mg. of codeine phosphate. 


MASS FRAGMENTOGRAPHY 


In 1968, mass fragmentography was introduced and its applica- 
tion has been demonstrated for the identification of chlorpromazine 
and its metabolites in human blood (6). With mass fragmentog- 
raphy, it is possible to take advantage of certain physicochemical 
properties of compounds or a group of compounds with similar 
chemical structures. The mass spectrometer is used as a GC de- 
tector. Compounds are detected by the presence of characteristic 
mass numbers (their molecular ion or fragments). 


The accelerating voltage alternator1 allows the detection and 
simultaneous recording of up to three mass numbers of a compound 
by keeping thc magnetic field constant while switching the ac- 
celerating voltage. With this technique, amounts as small as 5 pg. 
can be detected. Another advantage is the high selectivity of mass 
fragmentography. There is very little chance that two different 
compounds have the same retention time and correspond a t  the 
same time to preselected fragments with identical peak ratios. The 
information for identification is, however, less than that obtained 
when a complete mass spectrum is recorded. 


1 L K B  Produktcr AB, Bromma, Sweden. 
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aminopropane (VII)*, and 1-(2,5-dimethoxy-4-rnethyl)2-amino- 
propane ( IX)*  were all established as R(-) and S(+). Consequently, 
it is tempting to assume a correlation between retention time and 
absolute configuration. Consistent with such an assumption is 
the observation that the amide of R-(+)-a-methylbentylamine 
(Xb) has a shorter retention time than the amide of S-(-)-a- 
methylbenzylamine (Xa). However, until more information on the 
molecular nature of the interactions of such diastereomers with 
column materials is available, this suggestion must remain specula- 
tive. Similar differences in retention times with configuration of a 
series of camphorsulfonamides (1 7) of a-methoxy-a-methylpenta- 
fluorophenylacetamides (1 8) and of N-trifluoroacetylprolylamides 
(19) have been reported. 
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Degradation of Bronchodilator Agents in Oxymix System 


GEORGE H. KRONBERG' and BERTIL H. TAKMAN 


Abstract 0 Known amounts of isoproterenol, phenylephrine, and 
epinephrine were added to  the aqueous oxymix system and thereby 
exposed to potential redox destruction. Thirty minutes later, re- 
coveries of isoproterenol and phenylephrine were 89-100% and 
89-108%, respectively, while the recovery of epinephrine was 53- 
79 %. 
Keyphrases 0 Bronchodilator agentsdegradation in oxymix sys- 
tem, clinical implications of concurrent use 0 Oxymix-isopro- 
terenol, phenylephrine, or epinephrine-degradation of broncho- 
dilators, clinical implications of concurrent use 0 Huorometry- 
determination of stability of isoproterenol, phenylephrine, and 
epinephrine in aqueous oxymix system 


Oxymix' is a mixture of ascorbic acid, cupric sulfate, 
sodium percarbonate, a buffer system, and excipients 
and is essentially a redox system. It has mucolytic prop- 
erties and has been clinically administered as an aerosol 
in the treatment of several pathologic pulmonary condi- 


* Ascoxal (Gum-ox, Ascumist), marketed for oral hygiene by Astra 
Liikemedel, Sodertilje, Sweden. 


tions (1). Because bronchodilating agents are often 
used for the same indications, knowledge of the com- 
patibility of representative bronchodilators and oxymix 
was considered necessary, particularly since concurrent 
administration might be preferred. Since no investiga- 
tions of the stability of catecholamines or catechol- 
amine-like compounds under such conditions had been 
reported previously, the stability of epinephrine, iso- 
proterenol, and phenylephrine in the oxymix system 
was determined using fluorometric assay methods. 


EXPERIMENTAL 


Apparatus-The fluorometric measurements were performed 
with two types of fluorometers'. The ionexchange columns were of 
the same design and dimensions as described by Kelly and Auerbach 
(2) but contained 50 X 5-mm. resin beds. 


~~ ~ 


* G .  K. Turner Associates, model 111: rimary filter No. 110-812 
(405 nm.) and secondary filter No. 110-82?(65A),(495 nm.). Amhco- 
Bowman, model 4-8202: excitation 270 nm., empsion 305 nm., slit a?- 
rangement 5, xenon lamp 416-992, photomultiplier 10-213, meter multi- 
plier 0.001, and sensitivity setting 46. 
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Figure 1-Standard curves for isoproterenol (I) and epinephrine (E): 
fluorescence (units) versus amount in 5-ml. sample (micrograms of 
base form). 


Reagents and Chemicals-The following were used: Amberlite 
CG 120 (type 2, 200 mesh, Naf form); bromthymol blue, 0.04% in 
ethanol; potassium carbonate, 2 N solution; phosphate buffer, 
0.2 M, pH 6.5; zinc sulfate, 0.25% solution; potassium ferricyanide, 
0.25% solution; sodium hydroxide, 5 N solution; ascorbic acid, 2% 
solution (prepared fresh daily); sodium hydroxide-ascorbic acid 
solution (9:l v/v, freshly prepared within a few minutes of use); 
hydrochloric acid, 0.1 and 2 N solutions; oxymix (granulate) with 
a quantitative composition (percent) of: ascorbic acid 33.33, sodium 
percarbonate 19.67, cupric sulfate 0.07, polyvinylpyrrolidone 7.67, 
erythrosin 0.003, tartaric acid 16.00, sodium bicarbonate 21 51 ,  
mannitol 1.27, menthol 0.08, and saccharin 0.40; epinephrine 
bitartrate USPJ; isoproterenol hydrochloride USPJ; phenylephrine 
hydrochloride U P a ;  and sodium edetate, 0.1 solution (I), pre- 
pared by treating reagent grade ethylenediaminetetraacetic acid with 
0.02 N NaOH to form a solution of pH 7. 


Stock Solutions-Stock solutions of epinephrine, isoproterenol, 
and phenylephrine were made to contain the equivalent of 1 mg. 
base/ml. in 0.1 N HCl and were kept in amber bottles at 4" for subse- 
quent dilutions. They were found to be quite stable for the duration 
of these experiments. 


Ion-Exchange Columns-The ion exchangers were prepared by 
stirring about 20 g. of the resin with 100 ml. of 2 N NaOH solution 
(containing 1 ethylenediaminetetraacetic acid) for 15 min. 
Excess alkali was decanted and the resin was washed with distilled 
water. This procedure was repeated using 100 ml. 3 N HCI. The 
resin was allowed to settle and the fines were removed by decanta- 
tion. The prepared resin was then slurried into columns (5  mm. i.d.) 
to form beds 50 mm. long. Further washing of the beds with dis- 
tilled water compacted the resin to give flow rates varying from 10 to 
20 ml./hr. Small plugs of glass wool were placed on top of the resin 
beds. At this point, the columns were ready for use. 
Solution systms- 
1. Reagent Blank-Five milliliters of distilled water containing 


0.5 ml. of I was used. 
2. Oxymix Blank (Aged 30 rnin.)-To a 400-ml. tall-form beaker 


containing 75 ml. of distilled water, 12 g. of oxymix granulate was 


a Winthrop. 
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Figure 2-Standanl curve for phenylephrine: fluorescence (units) 
versus amount in 5-ml. sample (micrograms of base form). 


added as rapidly as allowed by the marked foaming that occurred 
during mixing. Cooling of the mixture suppressed the foaming. As 
soon as the first portion of oxymix was added, timing was begun. 
The mixture was stirred for 15 min., then transferred to a 100-ml. 
volumetric flask, diluted to the mark with distilled water, and 
centrifuged. A 1-ml. aliquot of this solution was transferred to a 10- 
ml. volumetric flask. At 30 rnin.. 1 ml. of I was added and the mix- 
ture was diluted to the mark with distilled water. 


3. Pure Drug (Standard Solution)-The requisite amount of drug 
(either from acid stock solution or from the solid powder form of 
its salt) was diluted to 100 ml. with distilled water in a volumetric 
flask. A 2.5-ml. aliquot of this solution was then transferred to a 25- 
ml. volumetric flask, followed by 2.5 ml. of I, and diluted to the 
mark with distilled water. If the drug was taken from its acid stock 
solution, the pH was adjusted to 6-7 with sodium hydroxide before 
the final dilution was completed. 


4. Drug in 30-min.-old Oxymix-Oxymix granulate (12 8.) was 
dissolved in 50 ml. of distilled water and allowed to stir for 30 min. 
before the drug (salt form) was added. After transfer of the drug 
quantitatively by rinsing, the mixture was diluted to 100 ml. Aliquots 
of this solution were mixed with equal parts of I and the mixture was 
diluted fivefold. No pH adjustment was necessary. 


5. Oxymix Granulate Added to Drug Solution-A quantity of 
drug (as the salt) corresponding to the concentration desired was 
accurately weighed and dissolved in 50 ml. of distilled water con- 
tained in a 400-ml. tall-form beaker. To this solution, 12 g. of oxymix 
granulate was added and the mixture was allowed to stir for 15 min. 
from the time that the first portion of oxymix was added. The mix- 
ture was then transferred and diluted in a 100-ml. volumetric flask 
a t  30 min. Final dilutions were prepared as described for Solution 
System 4. 


6. Drug Added to Fresh Oxymix Solution-In this solution sys- 
tem, 12 g. of oxymix granulate was dissolved in 50 ml. of distilled 
water and the salts of the drugs were then added quantitatively. 
Aging for 30 min. was again timed from the beginning of the addi- 
tion of oxymix. In this case, the drug was actually introduced into 
the active oxymix system within 1-3 rnin.; loss in activity of the re- 
dox system could be considered almost negligible under these condi- 
tions. After the mixture had stirred for 15 min., it was transferred to 







Table IStabi l i ty  of Bronchodilators in the Presence of Oxymix 


N u m  
Solu- Amount ber of 
tion Added, Sam- 


Drug System mg. ples Recovery, % 


Isoproterenol 4 3.33 1 100 
5 3.33 2 89, 97 
6 3.33 2 89 


Pheny lephrine 4 5,25 2 108,93 
5 5-25 7 89-100 


5 7.5 2 53,65 
6 7.5 2 65, 71 


Epinephrine 4 7.5 5 73-79, 980 


0 For unknown reasons, a discordant value of 98% was obtained on 
one sample. 


a 100-ml. volumetric flask and diluted to the mark with distilled 
water. Thirty minutes later, final dilutions were prepared as de- 
scribed for Solution System 4. 


Ion-Exchange Chromatography-The reagent blank ( 5  ml.) was 
pipeted onto an ion-exchange column, allowed to pass through, 
eluted with 15 ml. of 2 N HCI into a 50- or 100ml. volumetric 
flask, and diluted to the mark with distilled water. 


For the oxymix blank and for the other four solution systems, the 
above procedure was employed, except that the 5-ml. aliquot was 
allowed to seat properly on the column, washed with 3 X 10-ml. 
portions of distilled water, eluted with 15 ml. acid, and diluted 
to proper volumes. The volume of acid used in eluting the columns 
was suficient to regenerate automatically the resin beds (to the H+ 
form). Washing with water then removed excess acid so that the 
ion exchangers were ready for subsequent experiments. No loss of 
drug occurred on water washing the columns after the samples had 
been applied to the resin beds (prior to elution with acid). 


FluoromeMc Assay Procedures (-)-After epinephrine and 
isoproterenol had been collected from the ion-exchange columns, 
2-ml. aliquots were transferred to 16 X 150-mm. test tubes. followed 
by addition of 1 ml. of distilled water to each sample. One drop of 
bromthymol blue indicator was added, and the solution was ad- 
justed with vigorous stirring or shaking to approximately pH 6 by 
the dropwise addition of 2 N potassium carbonate. This was followed 
by addition of 0.5 ml. of 0.2 M phosphate buffer. Oxidation was 
then performed by addition, with thorough mixing, of 0.1 ml. of 
0.25% zinc sulfate and 0.1 ml. of 0.25% potassium ferricyanide. 
After exactly 3 min., 1 ml. of the freshly prepared sodium hydrox- 
ide-ascorbic acid reagent was added and mixed thoroughly. 


The Buorometer was blanked on the dummy cell. The solutions 
were transferred to 12 X 75-mm. cells and were read, at a range 
selector setting of X 10,10-20 min. after the last reagent was added. 


For the determination of phenylephrine, the acid eluate was first 
adjusted to pH 1 by addition of 5 N NaOH solution and was then 
diluted to a final volume of 25 ml. with 0.1 N HCI. The natural 
fluorescence of the drug was then measured‘ by merely introducing a 
few milliliters of the solution into the sample cell and reading its 
“percent transmission” on the meter, using 0.1 N HCI as a blank. 
(See also Refirence 6.) 


The reagent blanks (Solution Systems 1 and 2) gave fluorescence 
readings in the following ranges: in the epinephrine experiments, 0.8 
-0.9 fluorescence unit; and in the isoproterenol experiments, 1.1- 
1.2. In the phenylephrine experiments, blank readings of 1.3-1.8 were 
obtained. 


RESULTS AND DISCUSSION 


An arbitrary time of 30 min. was chosen at  which to measure 
residual drug activity, since it was known that the clinical treat- 
ment is usually completed well inside this time span and that po- 
tential redox destructibility of the oxymix system decays to a mini- 


4 Aminco-Bowman fluorometer. 


mum value during 15-30 m h S .  Two methods of addition (drug 
to oxymix and oxymix to drug) were investigated, since in clinical 
situations both procedures may be used. 


The standard solutions (System 3) gave the data presented in 
Figs. 1 and 2. The lines were constructed from the experimenhl 
data by the method of least squares (7). 


The results of the investigation of the stability of the broncho- 
dilators in the presence of oxymix are compiled in Table I. It was 
evident that a reduction in epinephrine concentration occurred, 
even in a 30-min. old oxymix solution, and to a somewhat greater 
extent in the freshly prepared solutions4. However, of more im- 
portance from a clinical point of view, a t  least 50% of the initially 
added amount of epinephrine remained unchanged in all solutions. 
No significant degradation could be observed in the experiments 
with isoproterenol and phenylephrine. 


Aerosols containing 6 4 2 %  of oxymix have been used clinically 
(I). In the present study, all experiments were performed at or 
initially even somewhat above the high limit of t4is range. This is 
probably adequate because of the extremely high molar ratio of 
redox components to bronchodilator in all clinical compositions 
(> 100: 1). From the fact that a loss of epinephrine was also observed 
when it was combined with oxymix that had been kept in water 
solution for 30 min., it is clear that a reaction occurs with some 
component(s) of the aged system and that isoproterenol and phenyl- 
ephrine do not undergo this reaction. 


The stability of pbenylephrine in a pharmaceutical composition 
containing, infer afia, ascorbic acid was reported (10). Even when 
such a mixture had been kept a t  70” for 36 hr., almost no change in 
the phenylephrine content was observed. The authors also found 
that, under certain conditions, phenylephrine can be changed in its 
side chain in such a manner that this structural change could not be 
observed spectroscopically. However, by the use of an ion-exchange 
method, these types of formed derivatives could be separated com- 
pletely, thus allowing quantitative measurement of the intact phenyl- 
ephrine. 
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In water solutions of epinephrine alone, the degradation is very slow 
in the acid and neutral pH range (8, 9); during a 30-min. period. no 
significant change in epinephrine concentration can be observed. 
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